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Forward 
 

The organizers of the International Conference on Systematic Innovation (ICSI) and Global Competition 
on Systematic Innovation (GCSI) are pleased to present the proceedings of the conference and the 
Program of Innovative Project Competition which includes 77 papers and 14 finalist innovation projects. 

This conference is co-organized by International Society of Innovation Methods (I-SIM), Society 
of Systematic Innovation (SSI), University of Liverpool, and the Journal of Systematic Innovation 
(IJoSI). Whether the papers included in the proceedings are work-in-progress or finished products, the 
conference and proceedings offer the authors opportunities to disseminate the results of their research 
and receive early feedback from colleagues, without the long waiting associated with publication in peer- 
reviewed journals. On the other hand, the presentations and the proceedings do not preclude the option 
of submitting the work in an extended and finished form for publication in any peer-reviewed journal. 
Best papers and projects from the conference will be invited to submit full papers to the supporting 
journals such as Technovation (SCI & SSCI, IF:5.25), IJoSI (SCOPUS), Computers and Industrial 
Engineering (SCI, IF:3.518), International Journal of Logistics: Research & Applications (SSCI, IF: 
1.820) and the TRIZ Journal for review toward publication. This is a great opportunity that so many high 
quality journals are considering papers from this conference. 

The organizers are greatly indebted to a number of people who gave their time to make the 
conference a reality. The list of organizations and working team who have contributed tremendously to 
create this conference are acknowledged at the end of this program brochure. There are more contributors 
who are beyond the list. 

The conference is a leading international conferences in the world in the field of innovation 
methods/SI/TRIZ and typically has one of the best quality programs. The next ICSI conference will be 
in HEBEI University of Technology in Tianjin, a culture and tourism rich city near Beijing. There will 
also be the tradition of free one day scenic tours immediate before the conference for international 
participants. You are invited to continue joining the 2019 ICSI/GCSI events in 2020. 

We are confident that you will find this conference very rewarding. If there is anything needing 
assistance, please feel free to let the attendant(s) at the service desk know. We are here to serve you. 

 
With best regards, 

 

D. Daniel Sheu, General Chair, the 2019 ICSI/GCSI 
President, International Society of Innovation Methods 
Honorary President, Society of Systematic Innovation 
Editor-in-Chief, the International Journal of Systematic Innovation (IJoSI) 
Area Editor, Engineering Design and Innovation Methods, Computers and Industrial Engineering 
Professor Emeritus, National Tsing Hua University, Taiwan, R.O.C. 
2019.07.09 
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Paper ID: 7 
 

Is TRIZ a new catalyst for creative AI? 
 

 

 

 

Abstract 
 

Systematic approach and viewpoint of Theory of Inventive Problems Solving (TRIZ) has made 

it a very promising candidate for the internal mechanics of creative Artificial Intelligence (AI). It won’t 

be a basis for a so-called strong AI but might be a good first step in problem-solving AI development. 

 
In this paper authors propose a blueprint for an automated engineering (and in the future non- 

technical) problem solver which is a neural network(s) (NN) having been trained on thousands of 

known inventions able to propose solutions for textual descriptions of the engineering problems 

proposed by a user. 

 
Authors will also shed a light on the first experiments with pre-alpha/alpha datasets and neural 

networks which required Amazon Mechanical Turk human intelligence intervention and extensive 

trials with the network architectures. 

 
The best NN trained with about a ten thousand lines long dataset has achieved 32% accuracy 

which in our context means in 32% of the engineering problems the network was able to propose the 

same Inventive Principle as a professional TRIZ practitioner. 

 
Keywords: Artificial Intelligence, Inventive Principles, Neural networks, TRIZ. 

 

1. Introduction 
 

The Artificial Neural Networks (ANN or simply NN for neural networks) demonstrate good 

results in various tasks related to classification, clustering, forecasting and others. These days NN have 

been occupying more and more creative niches as well: from canvas painting (Will Knight, 2017) and 

music composing (Adil Khan, 2013) up to playing Go (David Silver, 2017) and forecasting stock 

quotes (Takahiko Hyuga, 2017). It will be no surprise if sooner or later NN will step into “pure” 

ideation domain which is about creating ideas for a wide range of various tasks originating from 

different industries. One of the early birds is a project named Bloma which founders claim to be the 

first truly creative AI for visual design applications. 
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One of the reasons why this AI intervention is expected by the authors is a huge disadvantage of 

one of the existing and wide-spread ideation approaches: crowdsourcing. Crowdsourcing has been 

suffering from low ideas quality from the moment it has been introduced to business environment. We, 

human beings, are very weak and hopeless every time we face an engineering problem crying for a 

really groundbreaking solution. Till this very moment crowdsourcing software developers have been 

unable to propose a remedy against low ideas quality disadvantage. The existing votes/likes, comments, 

reviewers input, etc. are only duct tape solutions (Makon Saengkhattiya et al., 2012). The key problem 

lies in us. Idea submitters. Removing human beings from the ideation process could significantly 

improve crowdsourcing campaigns effectiveness. No more shallow ideas, no more irrelevant ones or 

spam. 

 
The proposed automated engineering problem solver could to a certain extent replace humans in 

ideation or problem solving. In this particular research authors will be dealing with one tool only – 

Inventive Principles application. However other ideation tools like Feature Transfer or Trends of 

Engineering Systems Evolution can be automated in a similar way. Authors strongly believe that the 

Inventive Principles belong rather to human cognitive sphere than to the engineering systems or 

patents or anything following the ideation process. 

 
The idea behind automated problem solver is a slight modification of the Clone Problems 

application approach which was developed by G. Altshuller in the 80s and was further developed by 

S. Litvin in the 90s (1995) and is based on deep non-obvious analogues among solutions that address 

the same physical contradiction. What we propose to modify can be summarized by: 

 
  Unlike Clone Problems application tool we are not really interested in knowing which 

kind of a physical contradiction(s) is actually hidden in the analyzed problem, 

  However we have to clearly identify which Inventive Principle(s) has been used for 

solving a problem, 

  We postulate that if a new problem without a “control/known solution” is categorized by 

a NN the same way as a problem with a known solution then apparently it will require the 

same Inventive principle to be used for its resolution. 

 
For ease of understanding the proposed algorithm is depicted on Fig. 1. 

 
First authors have to create (if it cannot be found) a crowdsourcing problems dataset. Then organize 

a supervised learning and feed the dataset to the NN. Measure the classification accuracy. Run a trial 

sequence of new data which never participated in the learning. Measure accuracy again. If this number 

is higher that random distribution then we can conclude that the NN functions properly and there is 

some potential in the approach. 
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Figure 1. This is an example of a figure caption. Exact 

unknown 

solution is 

but the 

abstract description is 

available: It’s the 

Inventive principle N 

 
 

 
Inventive Principle N 

 
(used for getting the 

known solution N) 

 

Inventive Principle N as 

determined by a NN 

 
(used for getting the 

known solution N) 

Problem with an 

Unknown solution 

Known solution N Problem with a known 

solution N 

 
 
 
 
 

 
 

 

Figure 1. Modified Clone Problems application approach. 
 

2. Related work 
 

In a very recent research Aniket Kittura et al. (2019) proposed a similar approach based on 

analogies with a significant improvement for crowdsourcing and AI applications. These authors 

propose to split the crowds into subteams first of which could rephrase the initial task seeking for its 

creative resolution, the second could search for solutions from seemingly unrelated domains and the 

third subteam should apply the proposed solution to the initial problem in its original formulation. 

This approach should greatly reduce the famous fixation issue which in TRIZ is often mentioned as 

psychological inertia. For AI applications authors propose to search for systems with similar purpose 

and different operational principle – a more of function oriented search strategy. 

 
Kritik and Kritik2 Ashok K. Goel et al. (1997) are design systems integrating case-based and 

model-based reasoning. These systems can autonomously generate designs for physical devices, such 

as electrical circuitry, by retrieving design previously encoded in case memory. The encoding is done 

Inventive Principle 1 

(used for getting the known 

solutions 1 and 2) 
Known solution 2 Problem with a known 

solution 2 

Known solution 1 Problem with a known 

solution 1 
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through Structure-Behavior-Function (SBF) models linking structure to function. The system retrieves 

past designs based on this function, proposes modifications and allows the verification of the proposed 

designs. 

 
The IDEAL system implements a computational model which learns general design mechanisms 

from previous design experiences (S. Bhatta et al., 2007). These experiences are also encoded through 

case-specific SBF models. The system learns design mechanisms by comparing SBF models. It distills 

design mechanisms by comparing a design with an unknown pattern and a related design without this 

pattern. This approach differs from the Kritik as IDEAL extracts Generic Teleological Mechanisms 

(GTMs) adding an abstraction layer, closely related to the schema abstraction analogies versus single- 

case analogies in cognitive theory. However, in contrast to the research proposed in this paper, IDEAL 

is also designed as a substitute for some of the designers’ tasks, e.g. building abstract teleological 

design mechanisms. Also, similar to Kritik, IDEAL’s SBF models still need to be encoded requiring a 

considerable interactive effort. 

 
Some authors (Daniel A. McAdams, Kristin L. Wood, 2002) propose a quantitative metric for 

design-by-analogy. This metric is based on the functional similarity of products. By using this product 

similarity metric, designers are able to formalize and quantify design-by-analogy techniques during 

concept and layout design. However only sub-functions of the parts of products, which is used for 

retrieving relevant design from a knowledge base are used. This contrasts with the Kritik and IDEAL 

systems, which use the overall function of a design as a basis for the retrieval of past designs. As 

indicated in another work (Paul-Armand Verhaegen, 2013) the technique proposed by McAdams and 

Wood requires extensive skills and interactive effort to build the functional model and to analyze 

customer needs for design-by-analogy exercise or target product. Furthermore, the knowledge base of 

source products would also have to be extended to compass a significant number of products, requiring 

a great deal of set-up effort. 

 
3. Experiments 

 
What is making the proposed approach different is that authors do not look for the analogues 

engineering systems or existing solutions which could inspire an inventor and help him to solve his 

design challenges. Authors rather search for similar challenges that happened in the past and if they 

have been resolved in a way then a similar way can be used for tackling the existing problems. 

Generally speaking, authors look for similar problems in the past to find solutions for the problems in 

the future. 

 
This search is a simple text classification exercise which is done with a word2vec model for word 

embedding. The word embedding approach is able to capture multiple different degrees of similarity 

between words. Mikolov et al. found that semantic and syntactic patterns can be reproduced using 

vector arithmetic. Patterns such as “Man is to Woman as Brother is to Sister” can be generated through 

algebraic operations on the vector representations of these words such that the vector representation 
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of “Brother” - ”Man” + ”Woman” produces a result which is closest to the vector representation of 

“Sister” in the model. Such relationships can be generated for a range of semantic relations (such as 

Country–Capital) as well as syntactic relations (e.g. present tense–past tense). 

 
Authors started from collecting real life inventions of “wow-quality”. Then a reverse engineering 

has been done which was about going from the solution to a potential problem that this particular idea 

might be solving. At the same time authors realized that various people can state the same problems 

in different ways due to their social, cultural, educational, etc. backgrounds. 

 
In order to create an unbiased text corpus of inventive problems authors used Amazon Mechanical 

Turk service where various people with various professional, educational and cultural contexts created 

the pre-alpha dataset of 500 engineering problems with known solutions. 

 
For example a famous Breaksoap invention purely based on Segmentation principle has the 

following corresponding problem: “Though everybody knows clearly that hand pump is more hygienic 

and easier to use than hand soap, they seldom realize there're lots of chemicals contained in the soap 

pump which may hurt your skin. Regular bar soap is a solution but it is not hygienic at all - lots of 

people use it one after another. Can you propose a solid hand soap bar design which would still sustain 

high level of hygiene?” 
 

 
Figure 2. Breaksoap invention by Dave Hakkens. 

 
To give more examples on how the engineering problems dataset looked like and which sort of entries 

it contained, we here indicate another example of an elegant invention which has been a successful 

Kickstarter campaign product. Again Segmentation as the basic principle for this invention is more 

than obvious: 
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Figure 3. Foldable skateboard by Bin Lu. 

 
The engineering problem formulation for this invention was: “Skateboards are a kind of sports 

equipment used for the sport of skateboarding. They are made from maplewood boards coated in 

polyurethane which allows for a smoother riding experience and better durability. The board is the 

biggest part of the skateboard, and can be difficult to transport. Please propose a design for a 

skateboard which is both compact and easily usable for regular riding.” 

And one more: 

 

Figure 4. StackWine by STACKTEC. 

 
StackWine is also a nice example of a “Segmentation invention” and here is the problem it solves: 

“Imagine that you’re going to a festival and want to share a bottle of wine with your friends. That 

sounds fun! But what isn’t fun is having to also bring a corkscrew and stemware in addition to the 

unwieldy bottle itself. Please propose a new way for wine to be packaged that would eliminate the 

need for these accessories while maintaining the elegant look of a wine bottle”. 
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In order to simplify the task the abovementioned dataset has been used to train a text classifier 

which had only 10 individual classes. The classes have been formulated around the TRIZ inventive 

principles of a similar nature. For instance spatial inventive principles: Segmentation, Taking out, 

Local quality, Nesting doll. Temporal principles: Merging, In-advance “cushioning” and so on as 

showed in the following work (Aleksei Ruin, 2018). 

 
Then new engineering problems which have not participated in the training have been fed to the 

Recurrent NN built on Keras+TensorFlow. The highest accuracy authors reached was “conditional” 

33 percent which is higher than 10 percent which we could have received if we would have distributed 

the text samples arbitrarily. In this context, accuracy means that in 33 percent of the engineering 

problems the NN proposed the same Inventive principle for resolution as it would be proposed by a 

human TRIZ practitioner. The result seemed to be promising and inspired us to continue with larger 

datasets and narrower classes. 

 
Next dataset which authors have built contained about 1000 real life engineering problems with 

known and elegant solutions. Amount of classes was only 4 but this time we decided to group 

individual Inventive principles. 

 
1st group: Segmentation, Merging, Universality, Nesting doll, Another dimension. These 

principles “answer” the question Where. 

 
2nd group: Preliminary action, Preliminary anti-action, In-advance cushioning, "Equipotential". 

They are related to the question When. 

 
3rd group: Flexible shells and thin films. One of the Principles “responsible” for What. 

 
4th group: Taking out, Local quality. Also a “Where group”. Reason why these Inventive 

principles have not been added to the 1st being also spatial was because authors wanted to see if the 

NN will be able to see a difference between individual Spatial Inventive principles which seems to be 

a way more complex task than discriminating Spatial ones from Temporal. 

 
The experiment has been conducted with Apple Create ML framework and resulted in 32,29% 

accuracy. The mistakes were spread more or less uniformly with a local minimum on the Group 4. 

Since the final accuracy is higher than the one which can be reached via random distribution (25 

percent) then apparently the network works as expected. 

 
The important takeaways from the experiments and next steps are very clear and obvious: 

 
- A larger dataset is needed. 

- It should be even less biased. 

- There is a potential to identify an individual inventive principle which a problem “wants” to 

use for its resolution in its own text instead of defining where/when/for what Principle teams. 
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Authors are planning to use this trained NN as a core for a web-based ideation service which will 

return a generic direction in which a problem should be solved for any user-uploaded textual problem 

description. 
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Abstract 

In contrary to traditional scientific effects and resources database, this research 

established a set of reverse effect and reverse resource databases with user-friendly excel-

based software for patent regeneration, patent enhancement, and identification of cross-

industry application opportunities for a new product or technology. The user can provide an 

effect or a resource from their interested patent, product, or technology as input data to 

generate an output of generic functions that this resource/effect can achieve or generate an 

output of generic attributes that this resource/effect can change or maintain. The database, 

which developed in this paper, is divided into four parts, which are: (1) Effect-Generic 

Functions Database, and (2) Effect-Generic Attributes Database (3) Resource-Generic 

Functions Database, (4) Resource- Generic Attributes Database. The database applications 

include but not limited to the following: (1)“Cross-field” patent 

regeneration, (2) “Cross-field” applications of innovative products or technologies, and (3) 

Generalize a patent function into its upper-level more generic functions so as to expand the 

scope of a patent. 

 

Keywords: systematic innovation, TRIZ, Function-Oriented Search, Scientific Effects 

Database, Resources Database 

1. Introduction 
 

1.1 Motivation and purpose 
 

Sheu (2015) has mentioned that the traditional scientific effect database is regarded as 

one of the important tools in the TRIZ theory, and can be generally divided into the effects 
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database (or the scientific effects database) and the resources database. The user can check 

whether there is a suitable effect or resource that can be used by inputting the function or 

attribute to be achieved. After clearly defining the function or the attribute, the user can 

search for results to find the most efficient and feasible method to achieve the function or 

the attribute. The traditional scientific effect database and resource database is regarded as a 

problem solving tool, and the purpose is to find the new effects or resources to solve the 

problem with satisfying function or attribute. There is currently a free on-line open source 

database, Oxford Creativy (Retrieved on Nov 2018) and paid database Goldfire and Pro-

Innovator to provide database and user interface. 

Traditional effects database has already widely used in many cases. Sheu and Hong 

(2018) have provided an effective problem-solving system continually accumulate expert 

knowledge and experience. Sheu and Hou (2013) have used scientific effect database and 

device trimming to solve the problem of chemical vapor deposition valve parts failure 

problem. In addition, the scientific effect database can also be widely used in the design 

phase, such as Zhan, Li, Jia and Sun’s (2005) application in creative design, and Cao, Tan 

and Zhang’s (2004) application in conceptual design phase. Zlotin and Zusnan have 

mentioned that resources are one of the important concept of TRIZ theory.(2005) Sheu and 

Hong (2017) establish resource identification methods through traditional resource 

databases to reduce the cost and solve the problems in semiconductor industry. 

"Reverse" means the reverse effects and resources database offer the reverse searching 

way comparing to the traditional effects database and traditional resources database. The 

purpose of the traditional effects database is to get the new effects list based on the generic 

function or generic attribute  entered by the user. Unlike the traditional one, the users 

identify the specific effect of their interested patents or products, and they use the reverse 

effects database to search for generic functions that this effect can achieve (Effect-Generic 

functions database) or generic attributes that this effect can change or maintain (Effect-

Generic attributes database). 

Similarly, the purpose of the traditional resources database is to get the new resources 

list based on the generic function or generic attribute entered by the user. Unlike the 

traditional one, the users identify the specific resource of their interested patents or products, 
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and they use the reverse resources database to search for generic functions that this 

resources can achieve (Resource-Generic functions database) or generic attributes that this 

resource can change or maintain (Resource-Generic attributes database). 

This paper develops the reverse database and a user-friendly interface with reference to 

free open source of Oxford Creativity's traditional scientific effects database (its intellectual 

property is still owned by Oxford Creativity). Collecting nearly a thousand effects and 

resources, and about 160 generic functions and 39 generic attributes, rearrange raw data and 

build their relationships, and develop user interfaces. This interface allows users to use this 

database intuitively as a way for cross-field product or technology transferring. 

2. Research method 
 

2.1 The principle of the method 
 

Altshuller and his team (1996) established the TRIZ theory, which emphasizes that 

solving a specific problem should not solved directly. Instead, the problem should be 

generalized (abstracted) into the general problem. Then, use appropriate tools to obtain 

conceptual solutions and then converted it into specific solutions. The reverse effects and 

resources database is suitable for users who want to find how to apply patents, technologies 

or products in other fields. That is, the specific question will be “How to apply patents, 

products and technologies to other fields?” After abstracting the problem, the model of 

problem is “How to apply specific effect or resource of the target to other fields?” After 

getting the results of the reverse effects database and the reverse resource database, the 

model of solution will be constructed with for factors: (1) All generic functions that the 

specific effect can achieve. (2) All generic attributes that the specific effect can change or 

maintain. (3)All generic functions that the specific resource can achieve. (4) All generic 

attributes that the specific resource can change or maintain. This model of solution can clue 

the user in the specific solutions of “How to apply specific effect or resource of the target to 

other fields? ” The principle of the method is shown in “Figure 1”. 
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Figure 1. The principle of the method 
 

2.2 The model of the method 
 

The reverse database extracts effects and resources of the target (can be interested 

patent, innovative product or technology), extracting effects and resources as the object of 

solving the problem, and the results of reverse database will show list of generic functions 

or generic attributes. The lists will hint the user to specify the specific functions and specific 

attributes, which are the factors of finding the specific field to apply the original (or 

upgraded) effects and resources of the target. Shown as “Figure 2”. 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 2. The model of the method 
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2.3 Reverse effects database 
 

The reverse effects database developed in this paper can be divided into the effect-

generic functions database (Ef-Gn DB) and the effect-generic attributes database (Ef-Ga 

DB). The difference is that the outputs are the list of generic functions or the list of generic 

attributes. The process of using the reverse effects database is shown in “Figure 3”: 
 

 
Figure 3. The process of using the reverse effects database 

Description is as follows : 

1. Selecting the target：The target can be a technology, innovative product or patent which 

user is interested in, and the user wants to apply this target in other fields. 

2. Identify scientific effects: Scientific effects refer to the basic phenomena of physics, 

chemistry, or biology, and the target object are able to work through this phenomenon. 

For example, a kind of sportswear are able to work through capillary phenomenon to 

absorb sweat. Thus, the target is sportswear, and the capillary phenomenon is its effect. 

3. Search through effect - generic functions database or effect-generic attributes database: 

The input will be the specific effect of the target. User can type the effect directly or 

look up the effect list in advance. The outputs will be all generic functions that the 

specific effect can achieve (Ef-Gn DB) or all generic attributes that the specific effect 

can change or maintain (Ef-Ga DB). 

4. Hint the final solutions：After specify the generic functions/ generic attributes, the user 

can find the new field to apply the effect. 
 

2.4 Reverse resources database 
 

The reverse resources database developed in this paper can be divided into the 
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resource-generic functions database (Re-Gn DB) and the resource-generic attributes 

database (Re-Ga DB). The difference is that the outputs are the list of generic functions or 

the list of generic attributes. The process of using the reverse resources database is shown in 

“Figure 4”: 

 
Figure 4. The process of using the reverse resources database 

Description is as follows : 

1. Selecting the target：Same as previous one, the target can be a technology, innovative 

product or patent which user is interested in, and the user wants to apply this target in 

other fields. 

2. Identify the key resource: Resources include system components and supersystem 

components. There is often not only one component in the system that has the 

opportunity to find new application areas, the user is expected to find key resources, 

which is the component that are used to achieve a particular function. 

3. Search through resource - generic functions database or resource-generic attributes 

database: The input will be the specific resource (usually key resource) of the target. 

User can type the resource directly or look up the resource list in advance. The outputs 

will be all generic functions that the specific resource can achieve (Re-Gn DB) or all 

generic attributes that the specific resource can change or maintain (Re-Ga DB). 

4. Hint the final solutions：After specify the generic functions/ generic attributes, the user 

can find the new field to apply the resource. 

The detail instruction manual of the reverse database will be descripted in Chapter 3. 
 

2.5 Applications of reverse effects and resources database 
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The reverse database is mainly designed for users who already have specific innovative 

products, patents or technologies. It can help to explore opportunities to apply the target in 

new areas. The application opportunities of reverse effects and resources database can be 

divided into three major categories: 

(1) “Cross-field” Patent regeneration. 

(2) “Cross-field” application of innovative products or technologies. 

(3) Transfer patent functions into upper-level. 
 

2.5.1 Cross-field patent regeneration 
 

Sheu (2017) said that traditional patent regeneration extracts main functions, feature 

functions, and service objects of the patent and use systematic innovation method and tools 

to re-slove the problem. Since the traditional patent regeneration has to achieve the same 

value, the scope of the solutions will be limited, unable to cross specific field, and generate 

answers in other fields. However, cross-field patent regeneration extracts operating principle 

behind the target patent as input effect, make the effect apply to other fields through the 

reverse effect database. Or, extracts key resource behind the target patent as input resource, 

make the resource apply to other fields through the reverse resource database. With reverse 

database, the patent can regenerate in other field easily and systematically. 

2.5.2 Cross-field application of innovative products or technologies. 
 

Sheu (2013) has mapped the innovative value chain. When an enterprise carries out an 

new product development project, it usually begins with market analysis and investigation. 

After analysis and statistics, it is necessary to adjust parameters through engineering design. 

Then, it goes to prototype design and adjustment stage. Finally, the project enter mass 

production stage. Enterprises always invest a lot of labor and cost to complete the 

development of innovative products or technologies, but often stop innovating after starting 

mass production. However, these products or technologies can use the same or similar 

effects and resources after a certain transformation, and apply them in other fields to find 

application opportunities. The enterprises can create several times of the value by importing 

the reverse database in cross-field application of innovative products or technologies 
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2.5.3 Transfer patent functions into upper-level 
 

The independent claims represent the scope of the patent rights. The independent 

claims needs to succinctly describe the patent application object and the reason why it is 

recognized as the technical feature of the invention. The independent claims of the patent 

application can tell the corresponding relationship between the components, main functions, 

feature functions, and other functions. Applicants or patent offices will use a more 

extensive, general (upper-level) or abstracted term to describe the claim when applying for a 

patent to ensure that the patent application has a larger patent rights. The upper-level term 

can make sure that the patent can not be circumvented by competitors easily. 

The user of reverse effects and resources database can regard the searching results as 

the guide of writing the description of patent claim in upper level. For example, the original 

claim sentence is: An object is mixed with A and B in a turbine agitator and treated with 

hydrochloric acid. After searching through the reverse effect database and the reverse 

resource database, the statement is revised as: An object is mixed with A and B and added to 

the acid treatment. 

3. Instruction manual of the software 
 

3.1 Software usage process 
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Figure 5. Software usage process 

After entering the home page, the user can see three blocks. The upper block provides 

the users who already known the effects and resources of the target to enter the database 

directly. The second blocks provide the user who doesn’t know the effects and resources of 

the target to view the list. The bottom block is for leaving the software. 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 6. Homepage of the reverse effects and resources database software 
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There are seven major functions, as follows: 

1. Resource-Generic Functions Database (Re-Gn DB)：User enters specific resource to 

get all generic functions that the resource can achieve. 

2. Resource- Generic Attributes Database (Re-Ga DB)：User enters specific resource to 

get all generic attributes that the resource can change or maintain. 

3. Effect-Generic Functions Database (Ef-Gn DB)：User enters specific effect to get all 

generic functions that the resource can achieve. 

4. Effect-Generic Attributes Database (Ef-Ga DB)：User enters specific effect to get all 

generic attributes that the resource can change or maintain. 

If the user still doesn’t know the effects and resources of the target, they can： 

5. View resources list：View all resources collected by the database (sorted in alphabetical 

order) 

6. View effects list：View all effects collected by the database (sorted in alphabetical 

order) 

7. Exit the software 
 

3.1.1 Usage process of Resource-Generic Functions Database 
 

After clicking "Re-Gn DB" button on the homepage, the user will see the Re-Gn input 

window shown in “Figure 7”: 



The 2019 International Conference on Systematic Innovation 

July 08-11, 2019, Liverpool, The UK 

23 

 

 

Figure 7. Re-Gn input window 

Users can: 

(1) Type the specific resource directly 

(2) Search after viewing the resources list 

Description: 

(1) Type the specific resource directly 

Example: 3D printing (case insensitive, support fuzzy searching), press “OK”, as “Figure 

8”: 

Figure 8. Re-Gn input window (Type directly) 

The outputs will be all generic functions that the resource can achieve, and description 

of the resource, as “Figure 9”. 

 
 
 
 
 
 
 

 
Figure 9. Searching results of Re-Gn database (1) 
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(2) Search after viewing the resources list: 

If user click “View Resources List” in Re-Gn input window (“Figure 7”), then the 

system will show the list of resources as “Figure 10”. The Scroll bars can drag up and down. 

After selecting the resource as shown in “Figure11”, click “OK”. The system will show all 

generic functions that the resource can achieve, and description of the resource, as “Figure 

12”. 

 
 
 
 
 
 
 
 
 
 
 

Figure 10. Resources list of Re-Gn DB 

Figure 11. Resources list of Re-Gn DB (Selected) 
 

Figure 12. Searching results of Re-Gn database (2) 



The 2019 International Conference on Systematic Innovation 

July 08-11, 2019, Liverpool, The UK 

25 

 

 

3.1.2 Usage process of Resource-Generic Attributes Database 
 

After clicking "Re-Ga DB" button on the homepage, the user will see the Re-Ga input 

window shown in “Figure 13”: 

 
 

Figure 13. Re-Ga input window 

Users can: 

(1) Type the specific resource directly 

(2) Search after viewing the resources list 

Description: 

(1) Type the specific resource directly 

Example: Battery (case insensitive, support fuzzy searching), press “OK”, as “Figure 14”: 
 

Figure 14. Re-Ga input window (Type directly) 

The outputs will be all generic attributes that the resource can change or maintain, and 
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description of the resource, as “Figure 15”. 
 

Figure 15. Searching results of Re-Ga database (1) 

(2) Search after viewing the resources list: 

If user click “View Resources List” in Re-Ga input window (“Figure 13”), then the 

system will show the list of resources as “Figure 16”. The Scroll bars can drag up and down. 

After selecting the resource as shown in “Figure17”, click “OK”. The system will show all 

generic attributes that the resource can change or maintain, and description of the resource, 

as “Figure 18”. 

Figure 16. Resources list of Re-Ga DB 
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Figure 17. Resources list of Re-Ga DB (Selected) 
 

Figure 18. Searching results of Re-Ga database (2) 

 
3.1.3 Usage process of Effect-Generic Functions Database 

 
After clicking "Ef-Gn DB" button on the homepage, the user will see the Ef-Gn input 

window shown in “Figure 19”: 

 

Figure 19. Ef-Gn input window 

Users can: 
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(1) Type the specific effect directly 

(2) Search after viewing the effects list 

Description: 

(1) Type the specific effect directly 

Example: Thermal Expansion (case insensitive, support fuzzy searching), press “OK”, as 

“Figure 20”: 

 

Figure 20. Ef-Gn input window (Type directly) 

The outputs will be all generic functions that the effect can achieve, and description of 

the effect, as “Figure 21”. 

 

Figure 21. Searching results of Ef-Gn database (1) 

(2) Search after viewing the resources list: 

If user click “View Effects List” in Ef-Gn input window (Figure 19.), then the system 
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will show the list of effects as “Figure 22”. The Scroll bars can drag up and down. After 

selecting the effect as shown in “Figure23”, click “OK”. The system will show all generic 

functions that the effect can achieve, and description of the effect, as “Figure 24”. 

 
 

 
Figure 22. Effects list of Ef-Gn DB 
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Figure 23. Effects list of Ef-Gn DB (Selected) 

Figure 24. Searching results of Ef-Gn database (2) 

 
3.1.4 Usage process of Effect-Generic Attributes Database 

 
After clicking "Ef-Ga DB" button on the homepage, the user will see the Ef-Ga input 

window shown in “Figure 25”: 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 25. Ef-Ga input window 

Users can: 

(1) Type the specific effect directly 

(2) Search after viewing the effects list 

Description: 

(1) Type the specific effect directly 

Example: Echo (case insensitive, support fuzzy searching), press “OK”, as Figure 26: 
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Figure 26. Ef-Ga input window (Type directly) 

The outputs will be all generic functions that the effect can achieve, and description of 

the effect, as “Figure 27”. 

 
Figure 27. Searching results of Ef-Ga database (1) 

(2) Search after viewing the effects list: 

If user click “View Effects List” in Re-Ga input window (“Figure 25”), then the system 

will show the list of effects as “Figure. 28” The Scroll bars can drag up and down. After 

selecting the effect as shown in “Figure 29”, click “OK”. The system will show all generic 

attributes that the effect can change or maintain, and description of the effect, as “Figure 

30”. 
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Figure 28. Effects list of Ef-Ga DB 

Figure 29. Effects list of Ef-Ga DB (Selected) 
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Figure 30. Searching results of Ef-Ga database (2) 
 

3.1.5 View the resources list 

After clicking "View Resources List" button on the homepage, the user will see all 

resources collected in the database ordered alphabetically. Every resource has a hyperlink to 

external website for more information, as “Figure 31”. 

Figure 31. Resources List 

 
3.1.6 View the effects list 

 
After clicking "View Effects List" button on the homepage, the user will see all effects 

collected in the database ordered alphabetically. Every effect has a hyperlink to external 

website for more information, as “Figure 32”. 
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Figure 32. Effects List 
 

4. BGA case 
 

Encapsulating is the final step of completing the BGA assembly, and the process is to 

heat the encapsulant and coat onto the first surface (top side) of the BGA substrate. 

However, when the encapsulant cooling, different coefficients of thermal expansion (CTE), 

the encapsulant shrinkage phenomenon causes warpage of the BGA substrate, causing yield 

problems and scrapping. 

A patent “Method and apparatus for reducing BGA warpage caused by encapsulation” 

is designed to reduce the warpage. A stabilizing plate is attaching to the second surface 

(bottom side) of the BGA substrate to offset the warping force. The brief information of the 

patent is as “Table 1” below: 

Table 1. patent summary of US6444497 
 

 Method and     

 apparatus for     

Title 
reducing BGA 

warpage caused 
Date 2002-09-03 

Duration of patent 

right 
20 years 

 by     

 encapsulation     
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Method and apparatus for reducing BGA warpage caused by Patent 

 

 
Country 

 
US 

 
Number 

 
US6444497B2 

IPC/CPC 

classification 

 
H01L 21/44 

 
 
 
 
 

Patent’s 

function 

 
 
 

 
The patent is designed to reduce the warpage caused in the encapsulating process 

due to different thermal coefficient between encapsulation and substrate. 

By attaching a stabilizing plate to the substrate adjacent the BGA structure before 

encapsulating, it can stabilize the substrate by mechanical force. 

 
 
 
 
 
 
 
 

Figure 

 

 
 

“Stabilizing Plate” is the target resource, and it’s a type of mechanical fastener, so we 

lookup in resources-generic function database (Re-Gn DB) and resources-generic attribute 

database (Re-Ga DB) as the results are as “Table 2” : 

Table 2. Results of reverse resources database-BGA case 
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 encapsulation 

Resource Stabilizing Plate (Mechanical Fastener) 

The generic functions 

that the resource can 

achieve 

(Re-Gn DB) 

 
Constrain Solid 

Expand Solid 

Hold Solid 

 
Join Solid 

Resist Field 

The generic attributes 

that the resource can 

change or maintain 

(Re-Ga DB) 

 
Decrease Surface Area 

Increase Friction 

Stabilize Orientation 

 
Stabilize Position 

Decrease Surface Area 

Increase Friction 

 
Idea 

Hold Solid→Handling warpage problems in other field.(e.g. 3D 

printing) 
 

After obtaining the results from resources-generic function database (Re-Gn DB) and 

resources-generic attribute database (Re-Ga DB), a solution is formed: Handling warpage 

problems in other field such as 3D printing. 

Then, we identify the key effect of the patent, which is stabilizing by “mechanical 

force”. The results of what functions that “mechanical force” can achieve or what attributes 

that “mechanical force” can change or maintain. The user lookups in resources-generic 

function database (Re-Gn DB) and resources-generic attribute database (Re-Ga DB) is as 

“Table 3” : 

Table 3. Results of reverse effects database-BGA case 
 

 
Patent 

Method and apparatus for reducing BGA warpage caused by 

encapsulation 

Feature (Key) 

Function 

 
stabilizing plate “stabilize” substrate 

 
The generic functions 

that the effect can 

achieve 

(Ef-Gn DB) 

Absorb Field 

Bend Solid 

Break Down Solid 

Clean Solid 

Compress Divided Solid 

Compress Gas 

Heat Solid 

Join Divided Solid 

Join Solid 

Melt Divided Solid 

Mix Solid 

Move Gas 
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 Compress Liquid 

Compress Solid 

Concentrate Solid 

Condense Divided Solid 

Constrain Liquid 

Constrain Solid 

Move Liquid 

Move Solid 

Orient Solid 

Produce Divided Solid 

Rotate Solid 

 
 
 
 
The generic attributes 

that the effect can 

change or maintain 

(Ef-Ga DB) 

Change Energy 

Change Fluid Flow 

Change Force 

Change Orientation 

Change Position 

Change Speed 

Decrease Fluid Flow 

Decrease Speed 

Increase Energy 

Increase Fluid Flow 

 
Increase Force 

Increase Speed 

Measure Force 

Stabilize Force 

Stabilize Orientation 

Stabilize Energy 

Stabilize Fluid Flow 

Stabilize Speed 

Stabilize Position 

 
 
 

Idea 

Constrain Liquid→Use a thermal expansion material to make a hot 

spring water valve that will expand and block the water pipe when the 

water temperature is too high. 

Stabilize Position→Design an automatic flashing bulb, as long as it 

is turned on (1), that is, the two metals with different CTEs are bent 

by heat, so that the circuit turn to (0), repeatedly. 

 

After obtaining the results from effects-generic function database (Ef-Gn DB) and 

effects-generic attribute database (Ef-Ga DB), solutions is formed: Hot spring water valve 

that will expand and block the water pipe when the water temperature is too high; 

Automatic flashing bulb, as long as it is turned on (1), that is, the two metals with different 

CTEs are bent by heat, so that the circuit turn to (0), repeatedly. 

5. Conclusion 
 

This paper develops a reverse effects database, a reverse resources database and its 

user interface. Through this database, users can find the cross-field applications for their 

target, such as interested patents, innovative products, technologies. Patent applicants can 

also transfer patent functions in claims into upper-level descriptions. 
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The main contributions of this paper are: 

(1) Establish a reverse effects database to provide a corresponding relationship between 

effect and generic functions and generic attributes. 

(2) Establish a reverse resources database to provide a corresponding relationship between 

resource and generic functions and generic attributes. 

(3) Develop a friendly user interface with simple and clean design. It also provide keyword 

search and input keywords error correct suggestion functions. 

(4) Complete external links for the effects and of resources. 

(5) Users can use the reverse database to complete many applications, such as cross-field 

patent regeneration, cross-field application of innovative products or technologies, and 

transfer patent functions into upper-level. 
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Abstract 
 

Today's fast-developing world requires a special method to the evaluation of future events. 

Conventional expert approaches often do not allow to obtain an acceptable result, since they use linear 

techniques that do not take into account the emergence of new technologies. 

 
For this purpose, in contemporary TRIZ there is a section that includes the trends of functional 

systems evolution. But the existing ways to work with trends, unfortunately, are not sufficiently 

algorithmized. So, it is necessary to rely either on intuition, or on passing through all conceivable 

options of changes. This makes it very difficult to evaluate ideas, and can lead to the fact that some of 

the ideas will be missed. 

 
In the paper a systematic algorithm for conceptual foredesign of functional systems is offered. 

The algorithm is based on: 

 
(1) conceptual modeling of real objects as functional systems; 

(2) triple analysis of the models with decomposition of form, structure and functions; 

(3) life cycle analysis of considered systems and evolutionary cycle analysis of systems as classes; 

(4) analysis of functional super-systems and the immediate environment as well as stakeholders. 

 
A visual representation of the structure of key trends of systems evolution and the principle of 

their application to the modification of functional systems are also considered. 

 
Keywords: TRIZ, conceptual foredesign, forecasting, S-curve, functional system, evolution trends, 

trends of functional systems evolution 

 
1. Introduction 

 
Innovation process in technology advancement requires continuous methodological support. 

Forecasting is one of the most important areas of such activity. Innovative activity planning is carried 

out on the basis of forecasts. At that, results of such forecasts should be sufficiently stable for systems 

of any type. 
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Attempts are repeatedly made to predict the future in different areas of the national economy. An 

example of one of such early predictions is presented in the work by Thomson (1955). 

 
There are various forecasting methods in the main areas of human activity. All these methods are 

aggregated in such discipline as prognostics, and they can be divided into two large groups: (1) 

regulatory and (2) research or pioneering methods. 

 
Regulatory forecasting is rather the projection activity based on the existing technologies. 

Research forecasting can be divided into the following types: 

 
 expert approach (e.g. Delphi method); 

 assessment of future events through extrapolation of the existing technology development 

trends – this approach is, in fact, continuation of the regulatory forecasting and implies that 

the current development trends of any system will continue in the future; 

 group sessions on compilation of the development roadmaps through brainstorming 

(foresight techniques). 

 
But, in general, they all rely on knowledge and intuition of the experts or on insights of the 

brainstorming participants. Lack of scientific approach leads to situations when trivial ideas are most 

often accepted while promising original ideas can be discarded. A forecast based on extrapolations of 

the obvious trends can produce relevant results only at short-time intervals and does not account for 

fundamental transitions in the system development leading to breakthrough innovations. 

 
Moreover, forecasts are more typical for random events which laws of variation we do not know 

(yet). This may be, for instance, natural or even social phenomena. When it comes to technical systems 

or enterprises, controllability is rather high here which means that it is possible to directly design the 

future generations’ systems. Foredesign is aimed at solving this problem by minimizing risks of linear 

forecasts. 

 
Foredesign, though related to forecasting, is based on TRIZ methodology, conceptual modeling 

and trends in functional systems development, which rest on laws of the dialectics. Therefore, such 

approach can be used as the basis for designing (not forecasting) future systems. 

 
2. Background 

 
Before proceeding to consideration of algorithm for conceptual foredesign of new functional 

systems, it is necessary to look into the basic concepts: functional systems (FS), mechanism of FS 

development – and rules of work with them. These concepts will be briefly presented here with 

references to the sources describing them in more detail. 



The 2019 International Conference on Systematic Innovation 

July 08-11, 2019, Liverpool, The UK 

 

42 
 

 

Target object modeling 

 
One of the objects of study in science of creativity and contemporary TRIZ is reality objects. The 

subject here will be functional systems, rules of their construction and transformation as well as 

mechanisms of their development. Another object is individuals. Here the subject of study will be 

productive thinking with rules of its development and application. Schematically it can be represented 

as follows (Figure 1). 

 

 
Figure 1. Representation of the main objects and subjects of study in science of creativity and their 

relationship in the form of algorithmic approach. 

 
Within framework of the proposed algorithm, it is necessary to build functional system 

architecture (Figure 2) using object modeling at the upper level with selection of the key functional 

elements (functional subsystems). These elements provide functional flow for implementation of the 

main useful function. 
 

 
Figure 2. Architecture of executive level of functional system; where ES – Energy Source; 

Converters of Energy: 1st kind – “Engine” (E), 2nd kind – “Transmission” (T); WE – Working Element; 

OF – Object of Function 

 
Object model can be recognized as functional system under the following conditions: 

 
1. The system executive level architecture contains efficient elements as energy converters. 

2. Elements are interconnected and provide for conversion and free flow of energy from energy 

source (ES), through working element (WE), to object of function (being part of another FS). 

3. Functional control system is available (external or as subsystem of the target system) – 

exchanging energy, serving an information carrier, with FS elements and with function 

object. When designing the system, it is sufficient to ensure minimal controllability – with 

possibility of turning the energy flow on and off. 
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Modeling allows to cope with complexity that arises when considering the target object, and, in 

the future, to achieve better situation understanding with analytical tools. Modeling objects as 

functional systems and other important definitions were proposed in the author's previous work 

(Smirnov, 2018). 

 
Besides, element-functional model of the object (see Figure 2) is universal – specialists in any 

sector of the national economy can use it in practice. 

 
Below, emphasis will be placed on trends of functional systems evolution and methodological 

tools for their application through productive (creative) thinking. 

 
Trends of functional systems evolution and its structure 

 
What trends does evolution of functional systems follow? Both the first trends and machine 

structure version (analogue to FS) were proposed by Marx (1867). Marx described the following trends: 

mechanization, development of energy source, increased number of working elements; and he wrote 

about the machine structure: “All fully developed machinery consists of three essentially different 

parts, the motor mechanism, the transmitting mechanism, and finally the tool or working machine”. 

 
In the framework of classical TRIZ these trends were broaden based on patent analysis and 

available technical solutions (Altshuller, 1979). Many variations of these trends exist today, though 

mainly in the form of disconnected “lines”, for instance, in the works (Altschuller et al., 1989, Mann, 

2003, Shpakovsky, 2006). Such representation does not give new quality. 

 
However, unique relationships and regularities in the trend application sequence can also be 

highlighted. For example, to increase system controllability, engineers are to prepare it for this stage: 

it is necessary to add transmission (executive level deployment), increase dynamization of the existing 

links, match new elements with those already present in the system, etc. 

 
Thus, it is possible to determine approximate time intervals of trend application start within 

evolutionary cycle of classes of systems which will allow to more accurately determine systems 

development potential. 

 
It is most convenient to make such representation on S-curve distributing – very approximately 

– available basic trends of functional systems development by evolutionary stages. This will allow 

engineer to see the priority sequence of their implementation. All trends have many sub-trends – 

mechanisms to support their implementation. 

 
The S-curve is plotted as relation of value and time (Figure 3), which reflects character of 

development of functional systems tending to increase value (or degree of ideality). The first version 

of such approach was published earlier (Smirnov, 2007). 
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Figure 3. S-curve with primary trends. 

 
The first stage is characterized by appearance of the system as a class and its formation. It is 

necessary to ensure stability of the system through presence of all key elements and maintaining their 

joint work aimed at fulfillment of the system main useful function. 

 
If the system is not yet available and only an individual performs all functions, the system will 

start with mechanization – introduction of artificial working element (WE). Further, the system 

deployment (complication) continues at executive level – with human action replacement by 

technology. 

 
If new system relies on a prototype at birth, then the first evolutionary stage is usually linked to 

change in operating principle of one of the key functional elements at executive level of the prototype 

– energy source, engine or working element (revolutionary transition – jump to next S-curve). So, it 

is necessary to check ratio of "technical" elements and those which functions are performed by an 

individual. 

 
Functional deployment results in necessity to increase controllability and to check matching of 

new elements with the existing structure and supersystem conditions. This can be done in various ways, 

for example, through dynamization of basic entities: elements and functions. 

 
By end of the second stage, time for automatization comes – deployment at control level. 

Qualitative transition starts – to increased controllability through human action substitution by 

technology at this level. Decision-making function is also transferred to automatic machinery. 

 
The third stage is usually associated with more active interaction of the system and its 

environment. In particular, at this stage combining of systems takes place, also named “transition to 



The 2019 International Conference on Systematic Innovation 

July 08-11, 2019, Liverpool, The UK 

 

45 
 

 

the supersystem”. But if the supersystem is already defined, then the system belongs to it, anyway – 

that is, being its element or subsystem. Then, what does this "transition" mean in this case? 

 
In order to interpret these principles more accurately the following division makes sense: (1) 

transferring the functions up a level to the supersystem (for example, when instead of teaspoon, sugar 

cubes in tea are mixed by mechanism built into the mug); (2) combining systems that are not in 

hierarchical relationship with each other (for example, fork and spoon can be combined – these are the 

same level objects) with partial trimming; (3) integration with promising systems being at the first 

stage, which makes it possible to obtain new resources for further development (for example, 

conventional glasses with addition of face recognition function). 

 
Active development of functional systems (steep part of S-curve) leads to increase of number of 

components (complication) and to accumulation of errors, which can be corrected with the use of 

special tools: functional-ideal modeling and trimming. 

 
Also, development process is uneven for different FS elements. At initial stage more attention is 

paid to WE, which leads to its advancing development. After that, efforts and resources are transferred 

to pull up remaining elements. 

 
But how is it possible to use such approach in the context of improving functional systems? 

 
Applying trends to functional systems 

 
Based on the above, option of direct application of trends to system elements is obvious. 

Shpakovsky (2006) proposed similar technique, but in his work there is no tools to justify choice of 

trends and there is no procedure for its application. In addition, direct use of combinatorics can lead 

to huge number of transformation options, which will make it difficult to evaluate them and choose 

the most promising ways to improve functional systems. 

 
Reason for lack of such tools is that functional structure of the systems, although available, is not 

used in practice to the full because functional approach was not sufficiently developed within the 

framework of classical TRIZ. 

 
Direct use of well-known trends in relation to the technical system main parts is presented in the 

work 'Trends and patterns ...' (Leon, N, 2006). However, functional approach is not used here, as in 

many other works, and there is no procedure for working with the table. 

 
All this leads to situation when this topic, though important, lacks for further development in 

practice. 

 
Nevertheless, when using system-functional approach, it is possible to build effective 

morphological table. It is proposed to use simplified combination: to apply the primary trends (see 
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Figure 3) for the main entities of the target object model – FS (see Figure 2). Scenario of combining 

FS architecture and the primary trends is shown in Figure 4. 

 

 
Figure 4. Selection table for FS development strategies; where F – Function; MF – Main Function; 

El – Element; OP – Operating Principle. 

 
Practical application of the presented morphology is possible after functional system analysis 

described below. 

 
3. Algorithm for Conceptual Foredesign of Next Generation Functional Systems 

 
Proposed morphology (see Figure 4) is the final stage of triple (value) analysis, element- 

functional analysis and FS evolutionary analysis. 

 
This algorithm can be used to achieve the following goals: 

 
 for "pure synthesis", in the absence of a direct prototype; 

 for designing system modifications – for different operating conditions and different needs; 

 for designing new generation systems – this option is also named "forecasting". 

 
Step 1. Selecting object for consideration 

 
First, it is necessary to set boundaries for situation consideration, since initially only target is 

available in the form of general description of inconvenience or desire to do something with object 

under consideration. 

 
If it is entrepreneur who formulates the target, then it can be something like this: it is possible to 

make bottle caps of any shape, but it is necessary to beat competition and surpass similar products in 
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key product features (KPF) ensuring high product value for consumers. 
 

It is assumed that the prototype is selected. On the one hand, existing solutions cause a number 

of psychological barriers associated with action of mental inertia of thinking according to the 

following features (habitual): form, function, operating principle, terms (names), sequence of 

operations, etc. All this complicates transition to new product versions. 

 
On the other hand, prototypes are triggers of a kind for our thinking that allow thoughts to push 

off from them and go further. Not coincidentally, progress is incremental, step-by-step: the more 

objects been created world over, the more new objects (products) can be obtained. For this, it is only 

necessary to learn to cope with factors that are on the "first hand". 

 
If, for any reason, there is no prototype, it is possible to either choose the most effective 

alternative system by the key feature or to build the most general element-functional model of the 

object and the main external interactions based on required system functions. 

 
Step 2. Object modeling and analysis 

 
To start with work on achieving one of the three goals described above – improvement of selected 

object or synthesis of new one – it is necessary to make model of this object in FS form (see Figure 2), 

components of which ensure realization of the main useful function at usage stage of the life cycle. If 

necessary, it is possible to consider other stages of the life cycle of certain system starting with 

production. 

 
When disadvantages are identified, element-functional models of conflicts will be made, and 

tools to eliminate these conflicts will be selected (see Step 3 below). 

 
When system is complex, triple (value) analysis is required which will allow to better understand 

the made object model and to localize conflicts. 

 
If there are many conflicts or there is time-or-space coextensive process, it makes sense to carry 

out cause-effect analysis and/or flow analysis. This will not only reveal all conflicts but also identify 

the key ones. 

 
Further, it is possible to formulate problem in more functional terms, for example: it is necessary 

to develop special cap containing vitamin powder for standard bottle ensuring vitamin easy migration 

to still drinking water contained in the bottle. 

 
Step 3. Revealed conflict analysis 

 
During model analysis new conflicts may be found out. It is necessary to localize such conflicts 

and to build element-functional model for each of them (Smirnov, 2016) with further model analysis. 
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In case of contradiction of conditions, it is necessary to switch, for instance, to ARIZ-85C, which 

will, recommend solving the so-called “mini-problem”. This is relevant if there are constraints or 

resources are insufficient, and new functional system has to remain within bounds of the previous 

operating principle. The maxi-problem will be connected with change of the condition in contradiction 

of conditions. 

 
Step 4. Identification of external functional relations 

 
Here, relationships with other systems and nonsystematic external factors should be taken into 

account. For this, it is necessary to select stages of the system life cycle on which attention will be 

focused. 

 
(4.1) Selection of supersystems 

 
The main process, in which the system participates at usage stage, is selected. Such process will 

play role of functional supersystem for the first system. Another device, integrating the considered 

system, can also play supersystem role. 

 
For example, for vitamin drink, morning run in park can be the supersystem. 

 
(4.2) Building system hierarchies 

 
Functional elements of the improved system (Step 2) will act as subsystems, and the processes 

or devices highlighted in Step 4.1 will act as the nearest supersystems. All together, they form system 

hierarchy (or vertical) for given function. 

 
When several life-cycle stages are considered, it is also possible to build system operator of life- 

cycle (SO.LC). Unlike system operator of evolutionary cycle (SO.EC), which will be built below, this 

structure relates to certain system and reflects the path that the product travels from production to 

disposal or recycling. 

 
(4.3) System hierarchies analysis 

 
For each stage of life cycle the system will have its own functional supersystem. This gives 

additional understanding of the system, its role in various processes and new ideas. For example, ideas 

that vitamins can be in other (besides powder) forms – they can be not in the cap only, but also in user 

pocket or glued to the bottle, etc. Is it possible to change supermarket shelf – to make it functional, 

customized for product type displayed on it? Then the shelf itself will activate the vitamin drink for 

buyer. 

 
System operator also helps to evaluate the following: 

 
 functional interest of stakeholders and their position in relation to the system; 
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 remaining external relations, including non-obvious ones, through functional driven search; 
 

 available and possible drivers (requests, needs, market and technology trends) and 

constraints "from below" and "from above" (Figure 5). 
 
 

 
Figure 5. System hierarchy with evaluation of drivers and constraints. 

 
Pull “from above”: it is necessary to evaluate the supersystem request (motivation) for the system 

change and to search for resources required for implementation of these changes and support of system 

development. External strategic constraints: it is necessary to verify prohibitions or barriers for 

manufacture, distribution or usage of the product. Push “from below”: what stimulates product market 

launch if there is no direct demand for it? Operational constraints: what are technological challenges 

for manufacturing new system? 

 
Thus, demand (supersystem requirements) “pulls” the functional system into high-value area. 

The system built-in capabilities, including use of new materials, new operating principle and other 

trends – “push” the system to the same area of increased value. In contrast, external and internal 

constraints hold on these processes (see Figure 5). 

 
Step 5. Evolutionary analysis 

 
Evolutionary analysis is carried out using S-curve by defining ideal representation of functional 

system as landmark, and applying development trends as guidelines to ideal image. 

 
In order to evaluate the past experience of system class development, it is necessary to carry out 

retrospective diagnostic analysis of its evolution. This will allow to estimate development potential of 

today's system. After that, it is possible to make the most accurate recommendations for designing the 

next stage system or even the next generation system. 

 
(5.1) Determination of evolutionary stage in system development 

 
Evolutionary stage determination will allow to understand which trends need to be applied first. 

To do this, it is required to know by what criteria to correlate the system and stages of development. 
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Stage indicators: 

 
1st stage. There are single working samples, but there is no mass product on the market. End of 

the first stage can be described as “question mark” or “problem child” according to the BCG matrix. 

 
2nd stage. Active market seizing and introduction to various areas of people's lives. In the second 

part of this stage the product can be named “star” in case of seizing high share of fast-growing market. 

 
3rd stage. The product holds stable position in low growth market. This is “cash cow”. 

 
4th stage. The product moves into narrow niche or leaves the market being forced out by new 

generation product. This product is “dog”. 

 
Example. Today drinks with smart caps are exactly at this stage – slipping past the second and 

third stages they moved to the fourth stage and became a niche product with small market share 

awaiting the opportune time, that is – resources for more active market entry. There are at least two 

reasons for this behavior: high cap design costs and market appearance of vitamins, which can retain 

their quality in water for a long time. 

 
(5.2) Construction of system operator of evolutionary cycle 

 
System operator of evolutionary cycle will rather relate not to a certain system but to a class of 

systems. Here, for the present time, the system hierarchy will coincide with the system hierarchy for 

the usage stage (by main function) of the system life cycle (see Step 4). 

 
Construction of system hierarchies for previous generations of the system allows for the first 

estimated assumptions for further system development. To do this, it is necessary to perform diagnostic 

analysis of transition from the past system to the present day system. Further, the same techniques, 

which stimulated the system development at that time, will be applied. However, the necessary 

condition for such approach is presence of similar type conflicts in both systems. 

 
(5.3) Selecting landmark in system development 

 
Since it is not always possible to know the system desired future state, it is convenient to build 

its functional-ideal image right away. 

 
Based on the formula: Value ~ Functionality/Cost, – ideality is achieved by striving value to 

infinity. 

 
The maximum value for the system can be obtained in several ways by changing the ratio of 

functionality and costs. For example, this can be achieved through elimination of harmful functions, 

normalization of inadequate functions, addition of new relevant functions or even through increased 
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manufacturing costs with significantly greater increase in functionality, etc. 
 

It is also convenient to identify ideal representation of the target functional system for each 

selected stage of the life cycle. This representation will depend on the main functions and results to be 

obtained at each such stage. 

 
For example, the ideal system at transportation stage – with a minimum volume and weight; at 

stage of “demonstration” on supermarket shelf – with additional functions to attract attention of the 

target audience; at stage of vitamins activation – with minimal user time needed for learning and 

implementation; at disposal stage – completely missing bottle and cap. 

 
(5.4) Using guidelines to ideal image 

 
At this step of evolutionary analysis, the system evaluation is envisaged at selected stages of the 

life cycle by degree of approximation to the ideal images. This can be conveniently done by comparing 

“path covered” with limit of development according to the primary trends (see Figure 3) for all entities 

included in the functional system architecture: elements, functions, connections. It is better to perform 

such evaluation visualizing results with the use of graphs such as Radar Plot, for example. 

 
Trends are sequences of recommended transformations of the above entities in direction of 

functional systems value (degree of ideality) increasing. Such transformations are easy to perform 

according to the scheme proposed in Figure 4. Table of choices for FS development strategies can be 

filled in the following way: (1) to make necessary basic transformations, (2) to evaluate results of 

transformations and choose strategies for further work, (3) to draw plan of work with selected 

strategies – through formulation of tasks and their distribution between the innovative project 

participants. 

 
Similar tables, if necessary, can be built for the control subsystem, and, if there are no restrictions 

in the task conditions – for the FS-“product” on the side of the function object, which plays the working 

element role in the system architecture. 

 
Step 6. Evaluation of results 

 
Transformations can lead to conflicts with system elements, with the main function object or with 

stakeholders. To eliminate conflicts, it is necessary to use special principles and algorithms in case of 

single problem functions, and more complex analysis-synthesis tools in presence of contradiction of 

conditions (see Step 3). 

 
Influence of changes in the system on different spheres of public life can be examined with special 

classifications used in foresights, for instance, STEEP or EGETEC. 

 
It is also possible to carry out an inverse analysis, for example, Anticipatory Failure 

Determination, to check stability of the obtained solutions to various random factors that may be 
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present in the environment where the new system will be after manufacture – this relates to the specific 

system life cycle. 

 
It remains to perform ranking of the selected concepts by effectiveness and feasibility based on 

overall situation in the sphere which the system belongs to as well as drivers and constraints available 

by the moment of decision making (see Step 4.3). 

 
4. Summary 

 
The principle of conceptual modeling of objects, and the algorithm for designing functional 

systems were introduced. This algorithm is convenient to use as a checklist in a new product 

development (NPD) process. A brief block diagram of the conceptual foredesign of functional systems 

is shown in Figure 6. 
 

 
Figure 6. Algorithm for conceptual foredesign of functional systems block diagram. 

 
 

 
The proposed conceptual foredesign of new systems is based on the following theses: 

 
1) It is necessary to use functional approach in building the system architecture – this makes it 

possible to use it in practice. 

2) If the structure is fairly complex, it is necessary to use preliminary triple (value) analysis of 

the system for better understanding and localization of hidden conflicts. 

3) Localized conflicts are to be modeled and resolved by applying special rules to these models. 

4) The systematic analysis shows points of concentration of engineering efforts. 

 
This approach makes it possible: 
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 to design new systems, which includes predicting emergence of new operating principles; 

 to obtain multiple patents and create "patent umbrellas" taking into account all the most 

promising modifications of future systems; 

 to determine enterprise development strategies by creating a powerful vision for change. 

 
5. Conclusions 

 
Element-functional modeling makes it possible to work with objects of any nature, representing 

them as functional systems of various types: technical, informational, social, organizational, including 

business-systems, that differ only in the degree of controllability. 

 
To successfully use the tools of contemporary TRIZ, it is necessary to design thinking for 

creativity (see Figure 1). The educational process didactics is largely responsible for it. In order to 

increase the efficiency of thinking to improve both products of companies and companies themselves, 

in addition to knowledge of tools, it is necessary to take into account factors consistent with the laws 

of dialectics, which were proposed to describe the mechanisms of nature   development 

(Engels, F., 1940 [1878]): psychological readiness for groundbreaking [the law of the negation of the 

negation]; ability to work with contradictions [the law of the interpenetration of opposites]; need to 

evaluate the magnitude of any changes and the possibility of breakthrough innovations [the law of the 

transformation of quantity into quality and vice versa]. 

 
This study has introduced a tool for new product development based on contemporary TRIZ 

methodology that is holistic, although not easy to use. 

 
But this approach will allow companies to create new products without missing any key solutions. 
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Abstract 
 

Technology-function matrix (TFM) is one of the most important methods of patent layout. The 

establishment of the TFM can help enterprise managers to make technology layout and market 

decision. In order to realize the information visualization and automatic construction of TFM, most of 

the researches focus on sematic annotation technology. The data for the construction of TFM are 

published patents. But research on the relationship between patents and TFM is insufficient. 

Considering the deficiency of current research, based on customer requirements and technology life 

cycle method, a TFM method is proposed. Firstly, customer requirements are accessed by Kano model, 

and then TFM is established by narrowing the technology domain through technology life cycle 

diagram. An engineering case is provided to verify the feasibility of the approach. 

 
Keywords: customer requirements, patent layout, technology-function matrix, technology life cycle 

 

1. Introduction 
 

Patent text is the carrier of detailed design information to the public, and it is the most effective 

way to obtain technical information. How to query the target technical field in large number of patent 

texts are the issues faced by technicians at present. Patent technology-function matrixes (TFM) are 

widely used by technicians among all technical management and analysis tools. It is a kind of patent 

map, which has advantages in information visualization. 

 
Technicians annotate the patent text. The "technology" and "function" involved in the indexing 

patent instructions. Merging the similar technical efficacy of different patents, and finally draw the 

TFM. The matrix statistical tables or diagrams is used to analyze the technical skill and achieving 

efficacy. The rule of making a matrix is achieving efficacy as the vertical axis, and the technical skill 

as the horizontal axis. The number of patents or patent number is generally used in tables or diagrams. 
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Enterprise managers use matrix diagrams to make patent layout, discover technological 

opportunities, evade minefields, and discover core patents in the specific technical field. Many of the 

experts and scholars have studied how to improve and perfect the TFM. Kim, Y.G. et al. (2008) had 

put forward a new method of patent map visualization, established a keyword semantic network 

without considering filing date, took into account both structured and unstructured items of patent 

documents, and summarized patent information in a more understandable way. Liu, K. (2013) had 

proposed a faster method to construct the TFM, and it is easier to update and expand the details. Cheng, 

T.Y. et al. (2013) had construct IPC and USPC as technical words and functional words respectively, 

it can help designers to quickly construct the TFM without the help of experts. Nanba, H. et al. (2008) 

had put forward extracting the technology and function in papers and patents at the same time. Tseng, 

Y.H. et al. (2007) considered the efficiency and effectiveness of creating patent maps, he researched 

many methods such as: text segmentation, summary extraction, feature selection, term association, 

cluster generation, topic identification and information mapping. The above experts and scholars pay 

more attention to the efficiency and visualization of results in the construction of the TFM. The 

ultimate goal of constructing the TFM is to help managers make decisions on the next technology 

layout, formulate enterprise development plans, and provide guidance suggestions for winning target 

customers and occupying the market in advance. 

 
However, the existing methods seldom consider the specific requirement of customers or the 

specific development status of enterprises when constructing the TFM. Based on the above literature, 

this paper proposes a method of establishing TFM based on customer requirements and technology 

life cycle. 

 
2. Customer requirements 

 
In the field of product design, the product expected state means customer requirements. Customer 

requirements is the starting point and stay-dot of product design. A successful product design is that 

designers translate customer requirements into product functions accurately, and display the functions 

to users conveniently in the use process. In order to help technicians design successful products to 

meet users' needs, it is necessary to understand customer requirements accurately. 

 
Kano model was put forward by Professor Kano, N. (1984) of Tokyo University of Technology 

in 1984. The model considers that the relationship between user satisfaction and quality attributes is 

non-linear. It defines three levels of customer requirements: attractive, one-dimensional and must-be. 

The quality attributes of attractive requirement will not reduce the users satisfaction degree even it is 

reduced, however, it will significantly increase the users satisfaction degree when it increases; There 

is a linear correlation between the quality attributes and the users satisfaction degree who belong to 

the one-dimensional requirement; Users will be very dissatisfied when the quality attributes decreases 

that belongs to the must-be requirement, and it is not helpful to improve users satisfaction degree even 

the improvement of quality attributes. Detailed form can be seen Figure 1. 
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Reverse question I am neutral 

It must be work in this way 

I like this way 

 

 

 
 

Figure 1. Kano model’s customer requirements. 

 
The standard form of Kano model requirements classification table is to set positive and reverse 

questions. The positive question is the user's feeling when providing this service, and the reverse 

question is the user's feeling when not providing this service. Both questionnaires have 5 levels: "like", 

"must-be", "neutral", "live with" and "dislike" for the respondents to choose. Detailed form can be 

seen Figure 2. 

 

 
 
 
 
 
 
 

Figure 2. Positive and reverse questions. 

 
The Kano model has some shortcomings, such as low utilization rate of survey data, and it is 

difficult to categorize requirement types when the number of indicators are the same. In view of these 

shortcomings, Berger, C. et al. (1993) improved the customer satisfaction index in 1993. On the basis 

of Kano model, Berger adds an indifferent requirement index. By calculating better-worse index, we 

can show the impact of a product quality attributes on increasing satisfaction or eliminating 

dissatisfaction. Berger's formula is as follows: 

 
Better=(A+O)/(A+O+M+I) (1) 

User satisfaction 

Attractive 
Quality attributes 

Must-be 

One-dimensional 

Positive question 

I dislike In this way 

I can Live with in this way 
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Worse=(-1)(O+M)/(A+O+M+I) (2) 

 
A=Attractive 

M=Must-be 

O=One-dimensional 

I=Indifferent 

The frequency of each type of demand index is determined according to Kano model requirement 

classification criteria. At the same time, each type of requirement should be determined according to 

the classification table. R represents reverse requirements. Q represents questions. The Kano model 

requirements classification table is shown in Table 1. 

 
Table 1. Kano model requirement classification table. 

 
 

  Reverse question 

 
 

Positive 

question 

Like Q A A A O 

Must-be R I I I M 

Neutral R I I I M 

Live with R I I I M 

Dislike R R R R Q 

  Like Must-be Neutral Live with Dislike 

 
By drawing a better-worse quadrant diagram, it can clearly distinguish the type of each 

requirement. As a basis for the selection of technical blank area in the TFM, technical blank area must 

be a true reflection of customer requirements. Technical blank areas should not be settled at the point 

where customers don't care. Clear categorization of customer requirement is an important prerequisite 

to improve the accuracy of patent layout. 

 
3. Technology life cycle 

 
Runhua, T. (2010) have shown that patent technology will generally follow the four stages of 

technology life cycle development. Four stage life cycle include introduction, growth, maturity, and 

decline. Each of these four stages has its own development characteristics as shown in Table 2. 

 
Table 2. Stages of technology life cycle. 
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Stage Feature Strategy 

 
 

 
Introduction 

The number of patent applications is small. 

Technology R&D activities have just started, and 

the market of product technology is not clear. 

There are only a few enterprises involved in 

product production and R&D. Whether the 

technology can be recognized by the market and 

whether it is feasible is highly uncertain. 

Make full use of the existing 

components and resources in 

the system, focus on solving 

bottleneck technology, and 

bring products to market as 

soon as possible. 

 

 
Growth 

With the development of this technology, the 

product market is constantly expanding. The 

number of participating enterprises is also 

increasing, and the number of patent applications 

is also expanding. 

 
Promote the main products 

performance to the best and 

seize the market opportunity. 

 

 
Maturity 

The number of participating enterprises began to 

decrease gradually. Only a few enterprises were 

still engaged in relevant researches in this field, 

and the growth rate of patent applications began 

to decrease. 

Improve product appearance, 

simplify system. Combining 

technology with other fields to 

achieve innovation. 

 
Decline 

As the profits of enterprises shrink, enterprises 

begin to withdraw from the technology market, 

and the growth of patent applications is negative. 

Looking for alternative 

technologies for new areas 

and products. 
 

Distinguishing the current development stage of this technology is essential for enterprises to 

enter this field and improve their products. Through the analysis above, we can see that technology in 

the stage of growth is easier to occupy the market and obtain higher profits than other three 

development stages. We need to make a clear judgment on the stage of technology development. In 

order to accurately identify the technology field at the end stage of introduction or the early stage of 

growth, it is necessary to be more sensitive and discernible than other competitors. Only in this way, 

it is easier for enterprises to obtain high returns by combining the characteristics of their own 

development and choosing technology in the stage of growth. 

 
There are many methods to judge technology life cycle, including S curve method, patent index 

method, relative growth rate method, technology life cycle diagram method, TCT calculation method 

(Hua, Z. et al. 2012, Lei, C. 2005, Yan, C. et al. 2006, Yongmei, L. 2011), etc. Each method has its 

own advantages and disadvantages. In order to facilitate data acquisition and calculation, this paper 

chooses the technology life cycle diagram method to judge the technology life cycle. 

 
Generally, the number of patent applications reflect the degree of technological development 

activities, and the number of applicants reflect the enterprises or individuals involved in technological 

competition. Using the data of the number of patent applications and the number of patent applicants 
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Decline 
Recovery 

Introduction Growth 

 

varying with time, according to the relationship between both, the technology life cycle diagram can 

be drawn. Detail can be seen in Figure 3. 

 
Number of applicants 

 
Number of patent applications 

 
Figure 3. Technology life cycle diagram. 

 
Based on customer requirement acquisition and technology life cycle judgment, a new method to 

construct the TFM is proposed. The specific process can be seen in Figure 4. 

Maturity 
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Figure 4. Establishment of technical - function matrix 
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Select keywords roughly 

Screen relevant IPC 

Expand keywords 

Constructing retrieval form 

De-noising patent 

 

Refer to relevant technical literatures and summarize the indexes listed in the literatures 

describing product performance. According to these indexes, Kano questionnaire was made and the 

reliability of the survey results was analyzed. The statistical results are calculated, and customer 

requirements are classified by Berger model. Finally, the quadrant of each requirement index is 

determined, and each quadrant represents a requirement type. 

 
Step 2: Establish the technology life cycle diagram 

 
Download related patents. Extract keywords for the technology to be analyzed through the 

analysis of the technology in the stage of growth industry. The key words of technology are input into 

the patent search software. In this paper, PatSnap are used as the search platform. The extracted 

keywords are input into the patent search software, and the International Patent Classification (IPC) 

classification numbers corresponding to the patents are used to screen out the other classification 

numbers related to the target technology. According to these patent classification numbers, the 

keywords are expanded, and finally the patent retrieval form is constructed. Only in this way can we 

ensure that all patents in this technical field can be found out absolutely. At the same time, removal of 

patents unrelated to the target domain. The specific process can be seen in Figure 5. 

 

 

 

 

 

 

Figure 5. Patent acquisition process. 

 
The key words and IPC classification numbers need to be connected by boolean logic operators 

in the construction of retrieval form. The specific process can be seen in Figure 6. The rules for using 

boolean logical operators are as follows: 

 
(1) The same kind of keywords are connected with each other by the logical relation of "or", which 

indicates the expansion of keywords with the same meaning. 
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The same kind of keywords A OR  The same kind of keywords B 

Different kind of keywords C AND Different kind of keywords D 

Keywords A,B,C,D AND IPC classification number 

 

(2) Different kind of keywords are connected with each other by the logical relation of "and", 

which means that two types of keywords should appear in a patent at the same time. 

 
(3) The purpose of limiting IPC classification is to remove some patents. It should be connected 

with the logical relation of "and". 

 

 

 

 

Figure 6. Boolean logic operators. 

 
The downloaded patents are classified according to the subcategory level of IPC classification 

number. Drawing each subcategory’s technology life cycle diagram according to the data of the 

number of applications and the number of patent applicants varying with time. Patents at the stage of 

growth are selected as sample patents to construct the TFM. 

 
Step 3: Construct the TFM 

 
The patent texts are labeled "technology" and "function". Technology and function are used as 

abscissa and ordinate respectively when drawing TFM. Fill in the matrix with the number of patents. 

Finally, analyses the technical blank area in the TFM. 

 
Step 4: Identifying development strategies 

 
Comparing demand indexes belonging to different categories with technical blank area. 

Determine the development strategy of all technical blank areas in the TFM. 

 
There are four different development strategies, the meaning of each development strategies can 

be seen Table 3. 
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Table 3. The meaning of development strategies. 
 
 

Symbol Meaning 

Q1 
These demand indexes can effectively improve customer satisfaction. 

There should be at least one such technology in the product. 

 

 
Q2 

This kind of demand has little effect on the improvement of 

satisfaction and the decrease of dissatisfaction. Users do not care 

much about these requirements. When enterprises have limited 

capacity, they can appropriately reduce their investment in these 

services. 

 

 
Q3 

This kind of demand can effectively reduce users' dissatisfaction. 

This technology belongs to the basic performance of products. When 

enterprises do not want to expand new markets and adopt a 

conservative development strategy, they should first meet these 

indexes. 

 
Q4 

These demands directly affect the improvement of users' satisfaction 

and the reduction of users' dissatisfaction. Enterprises should pay 

enough attention to these demands. 
 

4. Case study 
 

Abrasive cutting machine is also called abrasive-disk cutter. Abrasive-disk cutter is suitable for 

construction, hardware, petrochemical industry, mechanical metallurgy, hydropower installation and 

other fields. It can cut metal square flat pipe, square flat steel, I-beam, channel steel, carbon steel, 

circular pipe and other materials. It is a basic and important processing tool in the field of machine 

processing. The traditional abrasive-disk cutter has the advantages of simple structure, easy assembly, 

easy portability and low price. Meanwhile, it has some shortcomings, such as heavy weight, high noise 

and so on. In order to improve the performance of abrasive-disk cutter, many enterprises are committed 

to the improvement of existing products, it is a key issue how to accurately locate improvement points. 

 
4.1 Customer Requirement Analysis 

 
Data were collected after consulting a large number of literatures about abrasive-disk cutter and 

visiting consumers and retail customers. A Kano questionnaire with 25 indexes was designed through 

group discussion and expert consultation, the 25 questions are set up as positive and negative questions 

according to the standard form of Kano questionnaire. Ask users how they feel when they offered this 

service or not. Questionnaire design form is shown in Table 4. Fifty questionnaires were sent out and 

48 were recovered. 46 questionnaires were valid after screening. 
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Table 4. Abrasive-disk cutter questionnaire. 
 

 Questionnaire Like Must-be Neutral Live with Dislike 

Positive 

question 

Beautiful 

display 

 
⊙ 

   

Reverse 

question 
Ugly display 

    
⊙ 

 

The reliability analysis was carried out by SPSS software. The result showed that the value of 

Cronbach's alpha was 0.893. The results of the survey have high reliability, which shows that the 

questionnaire is reliable. The results of SPSS analysis are shown in Table 5. 

 
Table 5. Reliability analysis. 

 
 

Cronbach's Alpha Item number 

.893 25 

 
46 questionnaires were collected for statistical analysis. The Better and Worse values are 

calculated according to formula (1) and formula (2), and the better-worse quadrant diagram is drawn 

according to the statistical results. The statistical results of the questionnaire are shown in Table 6, and 

the better-worse quadrant diagram is shown in Figure 7. 
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Table 6. Statistical results of the questionnaire. 

 
Number Requirements A I M O Better Worse 

1 Beautiful display 8 32 1 5 0.283 0.130 

2 Many Product models 2 29 6 9 0.239 0.326 

3 Adequate stock 12 23 9 2 0.304 0.239 

4 Provide home delivery service 24 13 4 5 0.630 0.196 

5 Free installation and maintenance 1 26 11 8 0.196 0.413 

6 Payment on arrival 16 25 1 4 0.435 0.109 

7 Good service with patience 25 13 7 1 0.565 0.174 

8 Familiar with products 7 19 14 6 0.283 0.435 

9 Open price 2 16 7 21 0.500 0.609 

10 Provide feedback channels 7 31 3 5 0.261 0.174 

11 Real-time online consultation 11 29 2 4 0.326 0.130 

12 Parts are easy to replace 5 20 9 12 0.370 0.457 

13 Easy maintenance 4 23 10 9 0.283 0.413 

14 Long service life 21 1 3 21 0.913 0.522 

15 Feed controllability of steel pipe 15 22 2 7 0.478 0.196 

16 Clamp firmly 8 11 2 25 0.717 0.587 

17 Easy to learn and use 13 26 1 6 0.413 0.152 

18 Cutting speed is controllable 9 19 4 14 0.500 0.391 

19 Easy to replace grinding wheel 7 13 11 15 0.478 0.565 

20 Grinding wheel stability 2 1 25 18 0.435 0.935 

21 Holistic non-tremor 4 9 18 15 0.413 0.717 

22 Operational safety 1 1 16 28 0.630 0.957 

23 Beautiful appearance 6 33 2 5 0.239 0.152 

24 Cutting a variety of materials 9 22 6 9 0.391 0.326 

25 High cutting quality 15 7 18 6 0.457 0.522 
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Figure 7. Better-worse quadrant diagram. 

 
Each point in Figure 7 represents a customer requirement. Better values closer to 1 in quadrant, 

It indicates that the improvement of this demand index is very effective in improving user satisfaction; 

Worse values closer to -1 in quadrant, It indicates that the improvement of this demand index is more 

effective in reducing user dissatisfaction. The name and meaning of each quadrant are shown in Table 

7. 
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Table 7. The name and meaning of each quadrant. 
 

Quadrant Name Feature 

 
Ⅰ 

 
Attractive 

Better absolute value is high and worse absolute value is low. These 

indexes have a great impact on improving satisfaction but less 

impact on reducing dissatisfaction. 

Ⅱ Indifferent 
Better and worse have low absolute values. These indexes have little 

impact on improving satisfaction and reducing dissatisfaction. 

 
Ⅲ 

 
Must-be 

Better absolute value is low and worse absolute value is high. These 

indexes have little impact on improving satisfaction but have great 

impact on reducing dissatisfaction. 

Ⅳ 
One- 

dimensional 

Better and worse have high absolute values. These indexes have a 

great impact on improving satisfaction and reducing dissatisfaction. 
 

▪ 4.2 Product life cycle analysis 
 

The main function of abrasive-disk cutter is to cut cylindrical steel pipe, so the searching key 

words are "cutting" and "steel pipe". After entering the keywords into the PatSnap Website. Finding 

synonyms and the same expressions for the initial keywords from the "IPC Classification Number" 

column. The keywords with the same meaning as "cutting" is grinding; The keywords with the same 

meaning as "steel pipe" are hard pipe, alloy pipe, thin-walled pipe, metal pipe and rigid pipe. 

According to IPC classification information, the most relevant IPC classification numbers including 

"cutting machine" can be obtained: B23K26/38, B23D21/00, B26D7/00, B24B27/00. The final 

retrieval form is determined as follows through the expansion of above keywords and the de-noising 

of the IPC classification: 

 
(TAC: (steel pipe or metal pipe or thin-walled pipe or hard pipe or rigid pipe) and ((TAC: (cutting 

or grinding) and (IPC: (B23K26/38 or B23D21/00 or B26D7/00 or B24B27/00)) 

 
The time limit for patent application is 1987-2018. A total of 1085 patents were obtained by 

retrieval. A further de-noising method is per application only display one open text. Thus, 1001 patents 

were obtained. These patents are classified according to IPC small group classification. Arrange and 

analyze the top ten groups according to the number of patents. The technology life cycle diagrams are 

established respectively based on these patent groups. Classification Number and number of top ten 

patent applications are shown in Table 8. 
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Table 8. Classification number and number of top ten patent applications. 
 

 Classification 

Number 
Meaning Number 

1 B23D21/00 Machines or devices for shearing or cutting tubes 811 

2 B23D33/02 
Arrangements for holding, guiding, or feeding Work during 

the operation 
289 

3 B23K26/38 Removing material by boring or cutting 143 

4 B23D33/00 Accessories for shearing machines or shearing devices 132 

5 B23D33/04 For making circular cuts 100 

6 B23K26/70 Working by laser beam, Auxiliary operations or equipment 96 

 

7 

 

B23Q11/00 

Accessories fitted to machine tools for keeping tools or parts 

of the machine in good working condition or for cooling 

work; Safety devices specially combined with or arranged in, 

or specially adapted for use in connection with, machine tools 

 

70 

8 B23D19/00 Shearing machines or shearing devices cutting by rotary discs 58 

9 B23Q3/06 
For mounting on a work-table, tool-slide, or analogous 

part.Work-clamping means 
45 

 

10 

 

B23Q7/00 

Arrangements for handling work specially combined with or 

arranged in, or specially adapted for use in connection with, 

machine tools, e.g. for conveying, loading, positioning, 

discharging, sorting 

 

40 

 

The number of applicants and the number of patent applications are arranged according to the 

time. And establish the coordinate diagram of the relationship between them. Compare with the 

technology life cycle diagram standard form in Figure 3. Determine which stage of the technology 

belongs to the life cycle. Taking 58 patents under B23D19/00 as an example, the technology life cycle 

diagram is established. The drawing results are shown in Figure 8. It can be clearly seen that the curve 

in Figure 8 turned backwards in 2018. It shows that the technology of "Shearing machines or shearing 

devices cutting by rotary discs" is at the end of its growth stage. Even it has entered the early stage of 

maturity. 
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Figure 8. Technology life cycle of B23D19/00 group 
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According to the above method, the technology life cycle diagrams of ten technical fields are 

established one by one. At the same time, the life cycle stage of each technology is analyzed. Finally, 

it is found that only technical field "For mounting on a work-table, tool-slide, or analogous part. Work- 

clamping means" is in the early stage of growth of technology life cycle. The technology life cycle 

diagram is shown in Figure 9. 
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Figure 9. Technology life cycle of B23Q3/06 group 

 
▪ 4.3 Technology-function matrix 

 
According to the analysis in the previous section, 45 patents under B23Q3/06 group are in the 

early stage of growth of technology life cycle. Choosing the technology in the early stage of growth 

as the starting point is more conducive to SMEs to improve and develop this technology. Locate the 

right direction of technology development, push the main performance of products to the best, and 

seize the market opportunities. By carefully reading the 45 patents under the B23Q3/06 group, we can 

extract the effects achieved in the patent documents and find the technical means to achieve these 

effects. Marking the achieved function and corresponding technology, and classify similar technology 

into a unified expression. Statistics of the number of the same technology to achieve the same function. 

The technology-function matrix of B23Q3/06 group can be seen in Figure 10. 
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RVN: Reduce vibration and noise RFM: Rotary feed mechanism 

SFR: Stable feed rate RBM: Return baffle mechanism 

LDS: Large Diameter Steel Pipe CSC: Curved surfaces clamping device 

HCS: High compressive strength of base NPD: Negative pressure device 

AC: Automatic clamping CD: Casing device 

CI: Clamping invariance LFM: Linear feed mechanism 

CS: Clamping stably CPD: Collect protective devices 

ML: Measuring length LM: Limit mechanism 

HSF: High straightness, Flatness CPT: Clean processing table 

PED: Pipe is easy to displacement Coo: Cooling and organize 

Col: Collect and organize MSC: Multiple simultaneous cutting 

IS: Improve safety 

 
Figure 10. Technology-function matrix of B23Q3/06 group. 

 
Through the analysis of Figure 10, it is found that most of the benefits of abrasive-disk cutter 

patents lie in improving the cutting efficiency and processing quality of steel pipes. To improve the 

stability of clamping, rotary feed mechanism, return baffle mechanism, curved surface clamping 

device, casing device and limit mechanism are adopted. The patent layout of this function has been 

perfected. The abrasive-disk cutter relies on the friction force of the grinding wheel to remove the 

materials from the steel pipe, and then realizes the steel pipe cutting. In the process of cutting, a lot of 
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heat will be generated, which will cause the burns on the cutting section and inner wall of steel pipe. 

So it is necessary to reduce the heat generated in the cutting process and improve the cooling effect in 

order to improve the cutting quality. However, there are few technologies corresponding to improving 

the cooling effect, which should be the research emphasis in the future. 

 
Through the analysis of the previous section, it is known that the requirement of easy control of 

feeding belongs to the attractive requirement. Improving attractive requirement can effectively 

improve customer satisfaction, but as can be seen from Figure 10, there are few technical means to 

achieve the effect of "stable feed rate". The technology of improving feed device control has not yet 

formed an effective patent layout. Technical means to achieve this effect should be focused on. 

 
Operational safety belongs to the one-dimensional requirement, which directly affects the 

improvement of customer satisfaction and the reduction of customer dissatisfaction. Enhancement of 

operational safety performance can effectively prevent customer from being unsatisfied, so we should 

pay enough attention to it. As can be seen from Figure 10, the intersection point of the function of 

improving safety and the technology of linear feed mechanism is the technical blank area. The straight- 

line feeding mechanism moves rapidly, and the workers contact with the steel pipe on the straight-line 

feeding mechanism directly. It is necessary to further improve this technology in order to achieve the 

effect of improving safety. 

 
The holistic non-tremor belongs to must-be requirement. Satisfying must-be requirement can 

effectively reduce the customer dissatisfaction. These demand indexes belong to the basic performance 

of products. When enterprises do not want to expand new markets and adopt a conservative 

development strategy, they should first meet these indicators. It can be seen from Figure 10, the 

intersection point of the function of reduce vibration/noise and the technology of negative pressure 

device is the technical blank area. However, it will produce greater vibration and noise when the 

negative pressure device is running. Therefore, the improvement of negative pressure device to reduce 

vibration and noise can be regarded as the next research emphasis. 

 
It can be seen from Figure 10, the intersection point of the function of pipe is easy to handle and 

the technology of negative pressure device is the technical blank area. The function of rapid 

positioning of steel pipe by using limit mechanism is remarkable. Although, this effect is easy to 

achieve from a technical point of view, it is found that automatic steel pipe feeding is an indifferent 

requirement from the survey of customers. The indifferent requirement has little effect on the 

improvement of satisfaction and the decrease of dissatisfaction. Users do not care much about these 

requirements. Therefore, the improvement of the function of easy displacement of pipes can not be the 

emphasis of research and development. For the 14 indifferent requirements listed in Figure 7, 

enterprises with insufficient funds for the production of cutting machines can appropriately reduce 

their investment in these services. 
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5. Conclusions 
 

Through questionnaires and customer interviews, the first-hand information of customer 

requirements is obtained, and these requirements are classified according to the improved Kano model. 

The classified customer requirements are used to judge whether the direction of patent technology 

layout is correct. 

 
For small and medium-sized enterprises with weak innovation ability, it is particularly important 

to choose the technical field in which innovative solutions can be obtained without cross-domain 

knowledge. According to the characteristics of technology life cycle, technology in the stage of growth 

is selected as the data for drawing technology-function matrix. After drawing the technology-function 

matrix, we focus on the technical blank areas, screen these technical blank areas with customer 

requirements, and further determine the next technology research and development direction. 

 
According to the patent analysis of abrasive-disk cutter, different function improvement methods 

are adopted for four different requirement types. Finally, the next research emphasis and development 

direction is determined as follows: easy to control feed, improve safety, and increase holistic non- 

tremor. 
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Abstract 
 

Driven by networked Electronic Health Record systems, Artificial Intelligence, real-time data 

from wearable devices with an overlay of invisible user interfaces and improved analytics, a revolution 

is afoot in the healthcare industry. Over the next few years, it is likely to fundamentally change how 

healthcare is delivered and how the outcomes are measured. The focus on collaboration, coherence, 

and convergence will make healthcare more predictive and personalised. This revolution is called 

Health 4.0. Data portability allows patients and their physicians to access it anytime anywhere and 

enhanced analytics allows for differential diagnosis and medical responses that can be predictive, 

timely, and innovative. Health 4.0 allows the value of data more consistently and effectively. It can 

pinpoint areas of improvement and enable decisions that are more informed. What it also does is help 

move the entire healthcare industry from a system that is reactive and focused on fee-for-service to a 

system that is value-based, which measures outcomes and ensures proactive prevention (Thuemmler, 

Bai, 2017). In this paper, the authors discuss how digitisation is paving the way for data-driven 

innovation in the healthcare systems. They elaborate on the opportunities and challenges for all 

stakeholders involved and discuss how emerging technologies can help overcome the inherent rigidity 

of today’s healthcare ecosystem. Following on from this, the authors explain the importance of 

research on the actual design of smart healthcare products and product service systems of the future 

and the challenges faced from the viewpoint of design practice. 
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1. Introduction 
 

A growing ageing population and the rise in the number of people living with long-term 

conditions are leading to an increasing demand for resources to support healthcare (Bause et al. 2019). 

According to the UK National Statistics (2018), the worldwide population is ageing at a significant 

rate. In 2015 there were around 901 million people over 60 years of age which is 12.3% of the world 

population and further statistics show that by 2030 there will be an increase of 1.4 billion or 16.4% 

and by 2050 increase of 2.1 billion or 21.3%. It is therefore increasingly important to provide an equal 

and equitable healthcare system for the most vulnerable in our society including the elderly and those 

in remote areas who have limited access to regular healthcare provision. In the last few years, however, 

“healthcare organisations have been facing several critical issues, such as patient safety, quality of 

service, financial constraints and budget reductions.” (Merone et. al., 2018). Studies have shown that 

"a significant number of patients are harmed during health care, either resulting in permanent injury, 

increased length of stay in health care facilities, or even death." (WHO, 2018). Furthermore, as 

Stuckler et al. (2018) have discovered, a political agenda of austerity, like those many countries in the 

EU, are adopting, has led to significant job losses in healthcare (Stuckler et al., 2018). This, in turn, 

has resulted in a "reduced quality of service" and further implications of declining health such as an 

increase in suicides and homelessness (Stuckler et al., 2018). There is therefore great evidence to 

suggest that new approaches and solutions to healthcare are required (Bause et al. 2019). Recent 

technological advancements in Information and Communication Technologies (ICT) are now 

extending to healthcare (including AI, VR, AR, MIoT, big data), which brings about a so-called Health 

4.0 revolution. As Bause et al. (2019) discussed the paradigm shift in healthcare is shifting towards 

technology-enabled care services (TECS). This shift benefits both patients and physicians (NHS, 2018) 

and its benefit are being recognised with the UK government planning to significantly increase TEC 

solutions by 2020 (Great Britain. Department of Health & Social Care, 2014). The plan is to empower 

patients to access health data and track their information for preventive care, support and treatment 

(Great Britain. Department of Health & Social Care, 2014). The empowerment of patients, however, 

is only one facet of Health 4.0 and the technologies it encompasses in several fields. 

 
The aim of this paper is to explore innovation in the healthcare sector through the digitisation of 

the healthcare system and its data-driven innovation. It draws on the Health 4.0 opportunities and 

challenges and has opened the next stage of the research which is concerned with investigating, 

understanding and assessing the full spectrum customer requirements from the perspectives of all 

stakeholders involved. This opens new avenues for further research on the design of smart healthcare 

products and product service systems of the future from the viewpoint of design practice 

 
2. Digitisation in Healthcare 

 
The process of converting physical information onto a digital platform has initiated to transform 

the healthcare system since industry 4.0. Adopting technologies such as AI (Artificial Intelligence) for 
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the means of collecting valuable data has revolutionised the healthcare sector today and for the future. 

Bause et al. (2019), defined health 4.0 as “a strategic concept for the health domain derived from the 

Industry 4.0 concept” The term is often used synonymously with digital health, m-health, e-health and 

smart health (Thuemmler and Bai, 2017). The virtualisation in healthcare results in personalisation for 

patients, professionals and other stakeholders as well as the overall improvement of the health industry 

with digital technologies. Briefly, Health 4.0 can be described as a phenomenon to improve healthcare 

service and improve connectivity between health care stakeholders using such technologies. 

According to a recent case study by Forbes magazine, the following five are game-changing 

technologies in the healthcare of the future: AI, AR (Augmented Reality), Big Data, Blockchain and 

wearables (Forbes, 2019). With this in mind, innovation in healthcare is mainly driven by adopting 

state of the art technology and applying it to the rigid and traditional system. 

 
The economist J. Schumpeter (Topol, 2012) popularized the term “creative destruction” to denote 

transformation that accompanies radical innovation, some have adopted the term and name it the 

creative destruction of medicine. And the aforementioned five game-changing technologies are in the 

process of disrupting the system in beneficial terms as well as in challenging ones. For instance, 

Wearable Health Devices (WHD) such as smartwatches, wristbands, smart glasses, mobile ECG’s, 

mobile glucose monitor etc., are increasingly receiving attention and being gradually certified as 

medical devices by legislative authorities such as FDA in the U.S. or EMA in Europe. These 

technologies generate an abundant amount of data, hence the term big data accumulated from 

numerous sources including “electronic health records (EHRs), medical imaging, genomic sequencing, 

customer records, pharmaceutical research, wearables, and medical devices, to name a few.” (NEJM 

Catalyst, 2018). Big data in healthcare separates itself from conventional databases due to its 

complexity and diversity in format, type and context they are difficult to merge. But then again it offers 

a significant advancement in treating patients and lowering costs through “the wealth of information 

that healthcare data analytics provides, caregivers and administrators can now make better medical 

and financial decisions while still delivering an ever-increasing quality of patient care.” (NEJM 

Catalyst, 2018). 

 
3. Digitisation in Healthcare: Design 

 
To move on from the preceding section, this next part will take a closer look into the role of design 

in an era of digitising healthcare. Although there has been an enormous investment in innovation over 

the past decade, the magnitude of opportunities for innovators has yet to be discovered. Vink et al. 

(2018), suggest integrating research on service design and institutional work in order to change the 

institutional arrangements with innovative models. According to Vink et al. (2018): “Service design is 

a collaborative and creative approach focused on imagining and enabling new forms of value co- 

creation between actors” and where, “simply put, institutions are the enduring, underlying “rules of 

the game” (Vink et al., 2018). The authors suggest service design practices as an enabler of institutional 
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work and suggest that these practices can contribute to the development of more adaptive healthcare 

systems. 

 
Bause et al. (2019), discussed the key role of design in the transformation of smart healthcare 

systems and how healthcare is delivered with increasing effectiveness and efficiency. An integral role 

of design, in improving smart healthcare systems, starts with understanding and influencing the 

experience of patients for the best possible outcome (Cooper & Tsekleves, 2017). One of the identified 

current challenges in smart healthcare solutions is that they are often technology-driven without the 

involvement of the end user (Taylor, 2015). A further challenge remains, therefore, in the enhancement 

of the patients’ participation and engagement in their own health. The incorporation of human-centred 

design has the potential to reduce risk and ensure patient safety which is of the greatest importance. 

Human-centred design (HCD) is a creative approach to problem-solving that prioritises understanding 

human needs in order to develop products, services, and systems that are understandable, usable and 

desirable for people (Norman, 2013). And as the trend moves towards empowerment of patients and 

personalised medicine, the HCD priorities play a key role in the process. Major companies such as 

Apple and Google have already joined the platform for innovation in healthcare and since the launch 

of the activity tracker, Fitbit back in 2007, apps and wearables have been exploding the market. 

Although, most of these devices and technologies are wellness and fitness oriented and not approved 

legitimately as health monitoring devices. This recent emerging focus on personalised healthcare has 

optimised the value of human-centred design to enhance the development of healthcare centred on 

patients' experience. This has also raised the contribution of the current global design firms such as 

IDEO to create innovatively personalised and patient-centred healthcare services (IDEO, 2018). The 

next section will continue with identifying potential benefits in the development of a digital healthcare 

system. 

 
The majority of research content found on digital health, innovation and design in healthcare 

maintain a balance between beneficial and non-beneficial outcomes. As for design research; “design 

is becoming a recognized activity within the context of health care, with an increase in the use of 

design methods and approaches in development and research.” (Partridge. 2017). As it is primarily 

intended, the digitisation in healthcare will lead to greater advantages for patients and their practising 

physicians. “As a trillion dollar industry spread over hospital care, clinical services, dental care, 

nursing homes, home healthcare, medications, and research and development, healthcare can greatly 

benefit from digitization. In fact, it already uses technology to ensure better patient management and 

care.” (Harrison. 2018). 

 
4. Opportunities and Challenges 

 
There have been identified opportunities within the development of digitising healthcare. This 

revolution operates on the collection of data, big data is at the benefit of all stakeholders involved from 

patients and healthcare providers to designer and technology companies. Which opens up the 

challenging side of the transition, the social aspect of gathering and storing personal information has 
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its own regulations. As Prof Hofmann says: "Innovation cycles relevant to society are not possible 

without an ethical, legal and political overview". (TUM, 2019) 

 
However, research in design is the essence of a successful product, as well as it is in satisfying 

peoples’ desirability. In designing for healthcare the greater challenge would be the gathering of 

qualitative and quantitative data, but with new technology, there is a path for collaboration. Design 

research is operating on a gigantic platform of information, gathered through the internet, remote video 

chat studies, connection base around the globe. At the same time, these options make the world smaller 

and a more accessible place. However, the practice of learning about people’s behaviour and cultural 

understanding will not diminish through -new technology- from the traditional way design research is 

conducted. Therefore, we need a framework to guide companies with standards to consider all these 

aspects for designing smart healthcare systems. What mostly has been noticed from the information 

for this paper is a unified notion amongst authors in regards to technology assisting human lives, a 

form of coexistence. 

 
5. Conclusion 

 
This paper draws on innovation in health 4.0 mainly enabled through digitisation. It reviews the 

potential impact of technology advances for the means of transforming patients experience and 

enhancing the service in healthcare. 

 
The potential impact will allow interconnectivity between healthcare stakeholders, technicians and 

designers. All in conjunction to provide healthcare services, systems and devices in order to carry out 

preventative health and treat acute and chronic conditions. However, there are challenges regarding 

data security, big data storage and the experience between patient-physician, which need to be re- 

innovated and newly formatted. 

 
Challenges faced from the viewpoint of design practice are for example the inclusion of all 

demographics, from the active fitness group to elder generations. Designs need to clarify the language 

of the device and systems created and make it accessible for all users and stakeholders involved. 

Further research is required to address and overcome these challenges and to develop a framework to 

guide stakeholders and designers which can contribute and make an impact in designing for healthcare. 

In this paper, the authors have gathered information on healthcare in the digital age and vice versa. 

The information stated draws from a large pool of research in the field of digital health (health 4.0), 

design research and innovation in healthcare. But most written evidence and case studies published 

meet one notion, to use technology for the means of transforming patients experience and enhancing 

people’s health/wellbeing. 
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Abstract 
 

Using a single case study approach, this paper explores how key core tea supply chain 

companies perceive opportunities, integrate internal and external resources, and restructure 

resources to promote the evolution of supply chain business models. The results show that: (1) 

the end-user innovation drive is the precondition for the evolution of the tea supply chain 

business model; (2) the user-driven innovation leads to the change of the supply chain core 

enterprise dynamic capability (environmental awareness, resource integration capability, 

resource reconstruction capability) and the tea supply chain network structure (membership, 

structure) changes, and thus promote the tea supply chain business model evolution 

(optimization). (3) The evolution (optimization) of the supply chain business model will in turn 

enhance (accumulate) the core dynamic capabilities of the core enterprise (environmental 

awareness, resource integration, resource reconfiguration) and promote the change of tea supply 

chain network architecture (membership, structure).The research suggests that the supply chain 

should pay attention to the construction of core enterprise dynamic capabilities, and pay 

attention to the maintenance of the relationship between core enterprises and upstream and 

downstream members, so that the members of the supply chain are consistent with the core 

enterprise goals. Ultimately, the entire supply chain business model is continuously optimized 

and sustainable. 

 
Keywords: user-driven innovation; dynamic capability; tea supply chain; business model 

evolution 
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1. Introduction 
 

Affected by macroeconomic issues, market conditions, fluctuations in end-user demand, 

and changes in demand for core processes within and across companies, companies in the 

supply chain must evolve their business models to address internal and external 

challenges(Christopher and Holweg, 2011; Pereira et al., 2014; Tanco et al., 2015; Trkman and 

McCormack, 2009). Business model is a special allocation of enterprise internal resources and 

external market customer value proposition and value monetization (Baden-Fuller and 

Mangematin, 2014; DaSilva and Trkman, 2014). Building a business model that matches the 

local market environment is important for the sustainable development of companies in the 

supply chain(Lin Kongtuan and Xiong Lu, 2016). Business model evolution is a process of 

adjusting the components of a business model through voluntary or sudden changes to better 

adapt to the environment and the market, thereby creating and acquiring value more 

effectively(Demil and Lecocq, 2010), and achieving long-term profitability and sustainable 

development of the supply chain. 

 
Traditionally the literature on business model tend to focus on single enterprise, ignore the 

supply chain business model as a whole, not to mention the evolution of the business model of 

the entire supply chain. Zott and Amit (Zott et al., 2011; Amit and Zott,2010) believe that the 

business model is the decisive source of value creation for supply chain nodes such as the 

enterprise itself, upstream suppliers, partners and downstream customers, and its evolution has 

become the focus of attention of all nodes in the supply chain. Different companies in the supply 

chain use different business models, and the supply chain business model can be seen as the 

integration of business models from each node (Huemer, 2012). 

 
User-driven innovation enables companies in the supply chain to quickly perceive and 

grasp market trends and gain diverse knowledge and skills to develop strategic awareness 

(Grönroos and Voima 2013; Prahald and Ramaswamy 2004; von Hippel 2005), allowing supply 

chain upstream companies, downstream customers and/or other stakeholders to participate in 

the evolution of the business model, so that supply chain business model develop solutions for 

all the members in the supply chain. 

 
Supply chain user needs are constantly changing (Liang, et al., 2018). Therefore, the supply 

chain business model requires the development of each node of the supply chain and the use of 

its own dynamic capabilities, identify user needs, and integrate resources to continuously 

innovate and evolve to meet these needs. Teece et al. (1997, p.516 ) define dynamic capabilities 

as "the ability to integrate, build, and reconfigure   internal and external competences to 

address rapidly changing environments ." Barreto (2010) argues that dynamic capabilities can 

help improve time-consuming decision-making processes and initiate the evolution of business 

models. 

 
Teece (2010) further argues that “the pros and cons of business models cannot be assessed 

in a theoretical framework, and their applicability can only be determined by the business 
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environment in which each node of a particular supply chain is located”. There have been many 

theoretical studies on the supply chain business model (list some references), but how to apply 

and solve practical problems in practice via dynamic capability is lacking in this aspect. In this 

research, we attempt to explore the following question: 

 
RQ1. How do supply chain develop the dynamic capability, promote the nodal enterprises 

in the supply chain to integrate, establish and reconfigure the internal and external resources to 

cope with the rapidly changing environment and user demand, so as to promote the evolution 

of the supply chain business model. 

 
This paper systematically studies tea farmers, cooperatives and tea companies in Hunan 

Province, using user-driven innovation and dynamic capability theory to explore the evolution 

of the status quo and mechanism of the tea supply chain business model. The conclusions of 

this paper can provide reference for enterprises, stakeholders and government departments in 

the supply chain. 

 
The subsequent structure of this paper is organized as follows: the second part, the 

theoretical basis and analytical framework; the third part, research methods and data sources; 

the fourth part, case analysis; the fifth part, discussion; the sixth part, the conclusion. 

 
2. Theoretical Basis and Analytical Framework 

 
This section first identifies the elements of the supply chain business model and its model; 

Secondly, reviews the relevant theoretical literature on user-driven innovation and dynamic 

capabilities, and links it to the evolution of the supply chain business model; Finally, a 

theoretical framework of user-driven innovation, dynamic capability and evolution of supply 

chain business model is constructed. The details are as follows: 

 
▪ 2.1 Supply chain business model 

 
A business model can be understood as a representation of how an organization creates, 

deliver, and captures value in concert with transaction partners (Teece, 2010; Zott and Amit, 

2008).It thus reflects management’s hypothesis about what customers want, how they want it 

and how the enterprise can organise to best meet those needs, get paid for doing so and make a 

profit (Teece, 2010). A business model depicts the content, structure and governance of 

transactions designed so as to create value through the exploitation of business opportunities 

(Zott et al., 2011). 

 
Whereas theoretical and empirical advancements in supply chain business models have 

been made, research on supply chain business model is still in its infancy. This is reflected in 

the lack of clarity about what a supply chain business model is. Most authors agree that multiple 

business models can co-exist in a company (Benson-Rea et al., 2013). But one SC uses one 
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business model (Peter Trkman, Marko Budler and Aleš Groznik, 2016). Obviously, different 

companies in an SC use different business models (Huemer, 2012), a company that has multiple 

business models thus participates is part of several different supply chains. Supply chain 

business model can then be viewed as the linkage of business models from various companies 

into one high-performing business model of an supply chain as a whole (Tsanos et al., 2014). 

 
The business model is a system of multiple components such as value proposition, 

products and services, and value networks (Hwang and Christensen, 2008). According to 

research by Richardson (2008), business models include value proposition, value creation, 

delivery systems, and value capture. At the heart of the business model is a value proposition 

that allows stakeholders to create value by considering the needs of customers, shareholders, 

suppliers and partners, as well as environmental and social needs (Bocken et al., 2013; 

Donaldson and Preston, 1995; Tyl et al., 2015). . 2015). In addition, a holistic view of the value 

proposition is needed, where the customer's interests and costs need to be combined not only 

with the company's interests and costs, but also with a wider range of stakeholders (including 

investors and shareholders, employees, suppliers, the environment and Society (Bocken et al., 

2013). These tools are either too complex or conceptual, so this paper is based on the classic 

research literature of Leavitt (1964) and Osterwalder et al. (2005), and selects the six elements 

of business model from the perspective of dynamic capabilities. To divide the dimensions, 

establish a supply chain business model element model, and consider the evolution of the six 

business model elements (processes, end customer, partner, employee, product, environment). 

The interaction of the supply chain business model elements enables each node in the supply 

chain to enhance flexibility and sustainability by adapting internal processes, providing 

products, improving employee skills, and appropriately linking them to external activities of 

partners and customers (Kamal, and Irani, 2014; Wiengarten, and Longoni, 2015). 

 
2.1.1 Processes 

 
The process is dynamic, it clarifies who should do what, what time to do, how to do it (Sun 

Zhengmin., 2015), it is a complete, dynamic and coordinated activity (Trkman, 2010). Process 

management pays attention to customer needs, to the convergence of activities, to the 

departmental coordination and to overall output in order to achieve overall smoothness, control 

and optimization. Due to the changing needs of customers, business processes are optimized 

accordingly to improve efficiency. The consistency of process across the organization has long 

been recognized as a trigger for supply chain performance improvement (Jeffers, 2010). 

 
2.1.2 End customers 

 
A consumer is a supply chain end customer who purchases or uses products. Companies 

in the supply chain need to constantly understand the needs of end customers in order to provide 
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customers with the products or services they need. Customers can also actively participate in 

the development of new services or products (Trkman, 2010). The feedback from customers is 

often considered an initiating element of the enterprise development process (Gualandris, and 

Kalchschmidt, 2014). 

 
2.1.3 Partners 

 
Partners play an important role in business model management. Dynamic partnerships can 

reconfigure assets and other capabilities to respond to changes in the external environment 

( Pavlou, and El Sawy, 2011). In addition, building stronger partnerships in the supply chain is 

critical ( Cheung et al., 2010), and inter-organizational collaboration is seen as a source of 

capacity development from which organizations can gain competitive advantage ( Wagner, 

2003). 

 
2.1.4 Employees 

 
Employees play an important role in improving organizational performance, modernize 

operations management practices, and enhancing collaboration among stakeholders (e.g., 

customers, partners, employees) (Jabbour et al., 2013). Supply chain employees include 

management staff, production staff and technical staff of tea group and subsidiaries, as well as 

tea farmers. The tea farmers are mainly referred to in this article. 

 
2.1.5 Products 

 
Developing and launching new products is critical to maintaining a competitive advantage 

in the supply chain. The supply chain should provide a wide range of products to meet the 

changing needs of customers and track and track customer experiences to design, locate and 

update products based on end-user feedback (Musa et al., 2014). 

 
2.1.6 Environment 

 
The environment covers a very wide range of factors that such as politics, economy, and 

technology which significantly affect the overall operation nature of the supply chain (Melnyk 

et al., 2013). The supply chain environment is not just the environment of the foal company but 

the supply chain. Structurally flexible supply chains often adapt to changes in the environment 

by increasing their affiliate activities (Christopher, and Holweg, 2011). The strategy adopted by 

the supply chain should match the overall business environment (Yi et al., 2011). 

 
▪ 2.2 User-driven innovation and SC business model 
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Within business management, there is a wide range of literature on innovation – and how 

innovation processes can be made more successful by more effectively and systematically 

involving stakeholders outside the company (Wise et al., 2008). Thus the innovation or 

evolution of the supply chain business model has an inevitable impact on its supply chain 

operations (Yang et al., 2018) 

 
Rosted (2005) stated that one of the sources of innovation is the potential consumer 

demand (Chang & Chen, 2004). As the number of end-user groups increases, a better 

understanding of user needs and behavioral changes is critical (Baldassarre et al., 2017). User- 

driven innovation posits that innovation is driven by users’ needs, ideas and opinions, and is the 

result of a more or less close collaboration with users (Baldwin & von Hippel, 2011). User- 

driven innovation identifies business opportunities and develops new concepts by involving 

different groups of customers and/or potential users (Baldwin and von Hippel, 2011). Lehtonen 

and Tuominen (2011, p 227) define user-driven innovation as “starting with user needs or 

enticing users to become drivers in the evolution of business models” (Christiansson et al., 

2008; Hjalager, Nordin, 2011; Rosted, 2005; Lehtonen, and Tuominen, 2011). Similarly, Sheth 

et al., (2000) argue that in markets where user needs and demand are increasingly diversified, 

supply must be rapidly adjusted to meet demand, that is, implementation of customer demand- 

driven supply management. User-driven innovation concept helps supply chains to avoid 

introducing technology and increasing productivity as the only sustainable approach by 

integrating a user-centric, demand driven, sustainable business model (Lokshin et al., 2009; 

Ngo and O'Cass, 2013). User-driven innovation concept helps supply chains to avoid 

introducing technology and increasing productivity as the only sustainable approach by 

integrating a user-centric,demand driven business model (Lokshin et al., 2009; Ngo and O'Cass, 

2013) . In general, companies in the supply chain can identify key user needs and behaviors by 

gaining access to key market information through in-depth communication with users (Liang 

et al., 2017). 

 
The evolution of user-driven innovation in the supply chain business model is gradual and 

has the guidance of potential users to ensure that new business models are viable, which saves 

time and resources in the evolution of the business model (Blank, 2007; Brown and Katz, 

2011; Npdp, 2011). 

 
▪ 2.3 Dynamic capabilities and SC business model 

 
Choosing a particular business model means choosing a particular way of competing (Velu, 

2016). New business models can create new customer value or enhance the delivery of existing 

customer value propositions (Fligstein, 1996; Humphreys, 2010; Geroski, 1998), helping 

companies in the supply chain to achieve superior competitive positions. However, SCs need 
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to be able to continually change their business model (DaSilva and Trkman, 2014), as the 

business models used by SCs are critical for delivering value to end-users (Trkman et al., 2015). 

 
To do so, various tiers in an SC need to start collaborating more deeply, which include 

knowledge sharing to develop both the ability and willingness to dynamically change their 

business model (Casadesus-Masanell and Ricart, 2011) while keeping the balance between the 

need to adapt to their customers and the need for standardisation across the whole SC (Meier et 

al., 2010). The dynamic capabilities of focal company refer to the management of the resources 

of each node in the supply chain to adapt to the changing business environment (Teece, 2014), 

to make the resources of the enterprises in the supply chain and the environment consistent , 

and to achieve the unification of customer needs, technology and business opportunities 

(Wilden et al., 2013). Dynamic capabilities are unique, heterogeneous, and of value, scarcity, 

complexity, and difficulty in substitution, subjective initiative (Teece et al., 1997). Resource 

allocation created by dynamic capabilities is a source of competitive advantage (Eisenhardt and 

Martin, 2000), giving companies the opportunity to enter new businesses or develop new 

processes or products (Vanpoucke et al., 2014). Dynamic capabilities enable companies in the 

supply chain to integrate, coordinate their resources and create superior performance (Teece, 

2007; 2014), making the application of dynamic concepts in the SCM domain a reasonable 

choice (Beske, 2012). 

 
Synergies between business model elements are key micro-foundations of dynamic 

capabilities as they provide the supply chain with the ability to perceive, capture and shape 

opportunities and reconfigure its business model elements (Teece, 2012) so that they can change 

with the environment. Matching (Teece et al., 1997) or even triggering market changes 

(Eisenhardt and Martin, 2000). 

 
▪ 2.4 Analysis framework 

 
The changes in the market environment and user demand are the main external factors 

driving the evolution of the supply chain business model, and the dynamic capability is the 

main internal factor for the focal company (each node enterprises) to effectively respond to the 

changes in user demand (driven) supply chain business model. In order to construct the 

theoretical model of user-driven innovation, dynamic capabilities and supply chain business 

model evolution, this paper draws on Teece (2012) to divide the the process into following three 

stages: identifying users Demand, perceived opportunities and threats; mobilize resources to 

seize opportunities, constantly update organizations and evolve business models; and update 

the six elements of supply chain business model, as shown in Figure 1. 
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Figure 1. User-driven supply chain business model evolution framework. 

 
3. Methodology 

 
This paper adopts a case study method, based on the following reasons: First, Since we are 

exploring an under-researched area, a case study method is appropriate (Eisenhardt, 1989; 

Glaser and strauss, 1967; Miles and Huberman, 1994). Second, the case study method is suitable 

to answer “ how” and “why ” research questions (Yin, 2008), to explore the casual relationships 

of the constructs in complex situations With regard to the evolution of the supply chain business 

model, it is required to deeply analyze the interaction between upstream and downstream 

enterprises and stakeholders in the supply chain, thus a case study method is suitable. 

 
▪ 3.1 Case selection 

 
This paper selects the tea supply chain of Guzhang county and Shimen county in Hunan 

Province, China as the research object of the evolution of supply chain business model. The 

reasons are as follows: First, Hunan Province is an important tea production region in China, 

and the tea production amount ranks second in the country1. Second, Tea is a major economic 

crop in Hunan, one of the pillar industries of Hunan's rural economy, and the second largest 

export-oriented agricultural product in Hunan (Huang Dekai, Xie Zhiwei, 2006). In recent years, 

the planting area and output of tea in Hunan Province has been increasing (Figure 2). By 2017, 

the output of Hunan Province reached 251,000 tons, an increase of 33.58% compared with 2016. 

Third, both Guzhang and Shimen counties are the core tea-producing areas in the tea supply 

chain of Hunan Province. At present, the total area of tea in Guzhang County has reached 

150,000 mu. The county's population has 1 mu of tea per capita, and the per capita tea garden 
 

 
1 Data source: https://baike.so.com/doc/5870397-6083257.html 

Environmental change 
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area ranks first in the province2. Shimen County is “the county of the upper and middle reaches 

of the Yangtze River and the high-quality green tea export base county” and the “National Green 

Food Raw Material (tea) standardized production base county”. In 2017, the annual tea planting 

area of Shimen County was 110,300 mu , an increase of 22.97%; the total output was 11,700 

tons; the total output value was 502 million yuan3. Therefore, this paper goes deep into the 

investigations in Guzhang and Shimen, and selects the tea supply chain in Hunan Province as 

a case study object, which has strong representativeness. 
 
 

Figure 2. Tea planting area and production in Hunan Province (2005-2017) . 
 

Source: Hunan Statistical Yearbook, Hunan Statistical Information Network, China Tea Network 

 
▪ 3.2 Data collection 

 
Eisenhardt and Graebner (2007) suggest that interviews are a highly efficient way to gather 

rich, empirical data especially when the phenomenon of interest is highly episodic and 

infrequent, which are tacitly stored in interviewees’ minds. 

 
From September 2017 to December 2018, the research team conducted field investigations 

in Hunan Province, and collected data using two methods: semi-structured interviews and 

secondary archival materials. In order to obtain the information needed for the research, the 

research team designed five interview protocols and updated after each interview (see Appendix 

1). Mainly targeted to the government sector (tea bureau), Hunan Tea Group Co., Ltd., tea leaf 

company, cooperatives and tea growers (tea farmers). In total, 20 interviews were conducted. 

 
2 Data source: http://hunan.voc.com.cn/article/201804/201804230844488733.html?mobile 

 
3 Data source: http://www.shimen.gov.cn/site/tjj/Listzw/31283.html 



The 2019 International Conference on Systematic Innovation 

July 08-11, 2019, Liverpool, The UK 

91 

 

 

Most interviews lasted about 1 hour, though some lasted more than two. All interviews were 

taped and transcribed. Table 1 lists the interview details and secondary information. 

 
We conducted three rounds of research. The first round was pre-study, we learned about 

the basic situation of the tea supply chain business model in Hunan Province through the senior 

management of the Hunan Tea Group Co., Ltd.. The second round is the main data collection, 

and we interviewed the interviewees face-to-face through an interview protocols (see Appendix 

1). A total of 20 interviews were conducted face-to-face in three cities in China. When the 

theoretical saturation was reached, fieldwork was called off (Eisenhardt, 1989), that is, further 

interviews did not provide new information for understanding the research questions. Majority 

of the data were collected in this round. Finally the third round of data collection was carried 

out to obtain missing data. And because of the distance or the time schedule of the respondents, 

two interviews were conducted through WeChat. 

 
In addition to these formal interviews, some informal interviews/conversations and visits 

to tea gardens, tea factories, tea companies, cooperatives, etc. were conducted.The data is stored 

in the database along with any digital information provided by the respondent. Take photos 

where they are allowed and use them as reminders of live experiences and provide different 

data sources. Archival data is also widely collected, including company websites, news reports 

and company internal documents. These multiple data sources are used as a means of 

triangulation (Eisenhardt, 1989). 

 
Table 1. Details of data sources. 

 
 

 
Data Sources 

Supply chain 

actors 

 
Job title of interviewees Time Location 

 
Focal Company 

Deputy General Manager of Hunan 

Tea Group Co., Ltd. 

 
2017.09 Changsha, Hunan 

Subsidiary 1 General manager 2017.12 
Guzhang county, 

Hunan 

Interviews 
Subsidiary 2 General manager 2017.12 

Subsidiary 3 General manager 2017.12 

Guzhang county, 

Hunan 

Shimen county, 

Hunan 

Subsidiary 1 General manager 2018.08 
Guzhang county, 

Hunan 

Cooperative 1 Director 2017.12 Guzhang county, 



The 2019 International Conference on Systematic Innovation 

July 08-11, 2019, Liverpool, The UK 

92 

 

 

Hunan 
 

Guzhang county, 

Hunan 

Guzhang county, 

Hunan 

Guzhang county, 

Hunan 

Shimen county, 

Hunan 

Shimen county, 

Hunan 

Shimen county, 

Hunan 

Shimen county, 

Hunan 

Shimen county, 

Hunan 

Guzhang county, 

Hunan 

Guzhang county, 

Hunan 

Guzhang county, 

Hunan 

Guzhang county, 

Hunan 

Guzhang county, 

Hunan 

Shimen county, 

Hunan 

 

Archives 
Hunan Statistical Yearbook 

Yangheshan Tea Cooperatives Charter 

Cooperative 2 Director 2017.12 

 
Cooperative 3 

 
Director 

 
2017.12 

 
Cooperative 4 

 
Director 

 
2017.12 

 
Cooperative 5 

 
Director 

 
2017.12 

 
Cooperative 6 

 
Director 

 
2017.12 

 
Cooperative 7 

 
Director 

 
2017.12 

 
Cooperative 6 

 
Director 

 
2018.04 

 
Cooperative 6 

 
Director 

 
2018.12 

 
Cooperative 2 

 
Director 

 
2018.12 

 
Association 

 
President of the tea association 

 
2017.12 

 
Government 

 
Director of the tea bureau 

 
2017.12 

  
Tea farmers 1 

 
2017.12 

Tea farmer 
 

Tea farmers 2 

 

2017.12 

  
Tea farmers 3 

 
2017.12 



The 2019 International Conference on Systematic Innovation 

July 08-11, 2019, Liverpool, The UK 

93 

 

 

Shimen Tianhua Luoping Organic Tea Conversion Record of Farming Activities 
 

Changde Shimen Zhongping Tea Professional Cooperative Organization Structure 

Information 

Pancao Tea Farmers Professional Cooperatives 2013-2018 Tea Industry Development Plan 

Review on the development of Panzhou tea farmers' professional cooperatives 

Hunan Tea Group Co., Ltd. Introduction Manual, News Interview Record 
 

... 
 

Source: author's work 

 
▪ 3.3 Data analysis 

 
This paper follows the qualitative data analysis method to process the collected data. The 

audio data obtained by the research team was converted into text data within 24 hours. The 

archive materials obtained from companies, cooperatives, etc. were classified according to the 

sources. 

 
Next, based on the research framework of Figure 1, this paper encodes and analyzes the 

qualitative data accordingly. Coding was done via an iterative process with both the interview 

transcripts and secondary data by three researchers independently and notes were compared. 

Agreements were reached for all the constructs and relationships after many rounds of 

discussions. 

 
Pratt (2009) argues that a qualitative research may establish new theory or elaborate 

existing theory. We put research between these two extremes,i.e., we have a prior framework 

based on literature, which according to user-driven innovation theory, looking for the 

development of dynamic capabilities of supply chain business models and the iterative 

evolution of business models. The whole process is iterative coming back and forth between 

data and literature. 

 
Attention was paid to the constructs identified in the literature of supply chain business 

model, user-driven innovation and dynamic capabilities. For example, the evolution of the 

supply chain business model is based on the six-element dimension of the business model of 

Trkman et al., (2015); User-driven innovations are coded based on Lehtonen and Tuominen 

(2011, P227)’s user requirements. Dynamic capabilities are based on Teece (2012)’s the division 

of dynamic capability processes, e.g. perceiving opportunities, mobilizing resources to seize 

opportunities and transform by constantly updating the organization and related business 

models. In coding, the three phases of dynamic capability are first determined, and then the 
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changes in user requirements and the six elements of the supply chain business model are 

identified during the development of dynamic capabilities. 

 
In order to further ensure the reliability and validity of the case analysis structure, this 

paper refers to the Yin (2008) case analysis method and research strategy, according to 

construction validity, intrinsic validity, external validity and reliability. The quality evaluation 

criteria control the research design, data collection and data analysis 1 (Table 2). The third 

author does not participate in the coding as a bystander but examines the final analysis results 

and played a “resident devil’s advocate” role to bring a subject angel (Sutton and Callahan, 

1987; Jia et al., 2014) and ensure the reliability and effectiveness of the results. 

 
Table 2. Research strategies for ensuring reliability and validity 

 

Inspection Tactics 
Strategy 

usage phase 
Specific practice 

 
 
 
 

Construct 

validity 

Triangular 

verification 

Data 

collection 

In-depth interviews, archival materials, site 

research, visits to tea gardens, tea companies, 

etc. 

 
 

Evidence chain 

 
 

Data 

collection 

Get the interview information, extract the 

related concepts, construct the theory 

preliminarily, collect the data again for 

verification and correction, and form the 

theoretical model. 

 

internal 

validity 

To present an 

explanation 

Data 

analysis 

Propositions are proposed through 

interpretation and data iteration. 

Analysis of potential 

other explanations 

Data 

analysis 

Discuss with senior researchers whether the 

propositions are reasonable or not. 

external 

validity 

Theoretical guidance 

case study 

Research 

design 

Review of relevant theories to guide data 

collection. 

 

 
inter-scorers 

reliability 

Specific research 

plan 

Research 

design 
The researcher put forward the research plan. 

Repeated 

implementation 

Data 

analysis 

Analyzed by different researchers 

independently and agree among the 

constructs. 
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User-driven innovation Dynamic capability 
 
 

Identify user needs, 
opportunities and threats 

End customer 
requirements 

Mobilize resources to seize 
opportunities 

Constantly updating the 
organization and evolution of 

business models 
Focus on quality and 

Trade Equity 

2010---Consumer-centric 
business model 

Improving the quality 
of Tea 

2005---Extended supply chain 
business model 

1988---Early (traditional) 
business model 

Increasing demand for 
tea 

Evolution of Tea supply 
chain Business Model 

Environmental change 

 

 Multiple data 

evidence 

presentation 

Data 

analysis 

 
Case data from different sources. 

 
 

4. Case analysis 
 

Through field visits, the research team interviewed 20 people including tea farmers, tea 

production and operation enterprises, tea association staff, and government tea bureau staff, and 

combined with previous literature (Bogers and Hadar, 2016; Zhao Kan, Mao Ningying, 2017; 

Zheng Xuyuan, 2014) to encode and analyze raw data. We summarize the evolution of the tea 

supply chain business model in Hunan Province into three phases, as shown in Figure 3. The 

first phase, the early (traditional) business model in 1988 to 2004; the second phase, the supply 

chain extended business model from 2005 to 2010; the third phase, the consumer-centric 

business model since 2010. 

 

 
Figure 3. The Phases of Evolution of Business Model of Tea Supply Chain 

 
▪ 4.1 Early (traditional) business model of the tea supply chain 

 
The early (traditional) business model of the tea supply chain in Hunan Province includes 

various stages: production materials suppliers - tea farmers - tea farms - Hunan Tea Group Co., 

Ltd. - wholesale market - retail terminals - end customers (as shown in Figure 5). Among them, 

Hunan Tea Group Co., Ltd. (hereinafter referred to as Hunan Tea Group) is the focal company 

which was established in 1988. The six elements of the tea supply chain business model at this 

stage are as follows: 
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4.1.1 Processes 
 

Under the traditional tea supply chain business model, tea farmers and tea farms purchase 

their own means of raw material production, pick fresh leaves or perform initial processing and 

sell them to Hunan Tea Group. Hunan Tea Group then perform precision processing and 

packaging sales. As tea farmers spread all over the tea areas in Hunan Province, geographical 

limitations have increased the operating costs and distribution speed of tea enterprises because 

of logistics issues (Sun Ruizhe, 2018). At the same time, the number of tea farmers is enormous, 

and the transaction cost of tea supply chain management is high. 

 

Figure 4. The traditional supply chain business model 

 
4.1.2 End customers 

 
Since the early stage of the 1980s, the domestic trade of tea has developed rapidly. 

Domestic tea consumption mainly comes from the demand of traditional consumption and deep 

processing, and consumption preferences are mostly affected by prices (Ni Mingfeng, 2013). 

 
4.1.3 Partners 

 
There is a lack of information between partners and a loose relationship of cooperation. 

For the tea farmers who produce alone, the lack of technical support and market information 

channels, low risk resistance often due to bad climate (Huang Liling, 2011), insect pests and 

other reasons, resulting in reduced output and uneven product quality. For the tea supply chain 

enterprises, upstream supply channels are unstable, and the quality cannot be guaranteed. 

 
4.1.4 Employees 

 
Tea production areas are mostly located in remote mountainous areas. Tea farmers lack 

knowledge and technology acquisition channels, and the technical level is difficult to improve. 

Second, tea farmers economic strength is weak, the means of production and assets are very 

limited, it is difficult to implement a professional division of labor force (Zeng Guojun et al., 

2018). 
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4.1.5 Products 
 

Tea products have a single variety and lack diversity. Tea farmers lack market information 

channels and only adjust the tea products (the ratio of green tea to other teas) based on previous 

years 'sales and their personal experiences, rather than scientific research on market trends. 

Therefore, products often cannot reflect market demand and changes. Second, because tea 

farmers lack quality control, the tea production does not have an effective supervision 

mechanism. In order to enhance the output and reduce production costs, the farmers often use 

high toxic and high residual pesticides which lead to environmental issues and the tea product 

quality were also not good (Zeng Guojun et al., 2018). 

 
4.1.6 Environment 

 
Since the 1990s, the shortage of agricultural products in China has basically ended, and 

the market pattern of agricultural products has shifted from the seller's market to the buyer's 

market. However, the tea supply chain has low vertical integration between the upstream and 

downstream, lack of communication, poor communication of market information, insufficient 

specialization in upstream tea production, and most of the decentralized tea farmers only have 

limited backward production and trading methods (Zeng Guojun et al., 2018). 

 
▪ 4.2 Supply chain extension business model 

 
The extended supply chain business model is based on the existing supply chain practices. 

The focal companies extend their value activities at both ends to upstream suppliers, producers 

and downstream channel operators, customers, thus gaining the advantages of cost leadership 

and differentiation (Zhao Kan, Mao Ningying, 2017). 

 
At this stage, Hunan Tea Group, the leading enterprise in the tea supply chain, extended 

its value activities upstream of the tea supply chain through the establishment of subsidiaries 

and cooperation with cooperatives, and evolved the business model of the tea supply chain. In 

order to deal with the challenges brought by the increase of tea production in the upstream and 

the changes in consumer demand in the downstream. We summarized and combed two kinds 

of tea supply chain extended business model: Hunan Tea Group + subsidiary model; Hunan tea 

group + subsidiary + cooperative model. 

 
4.2.1 Supply Chain Extension Business Model：Provincial Tea Group + subsidiary 

 
The extended supply chain business model of Provincial Tea Group + subsidiary increases 

the value of the tea supply chain by integrating the subsidiary into the tea supply chain to extend 

its value activities. After the subsidiary joined the tea supply chain, it adjusted the structure of 

tea products and operated multiple tea types (black tea, green tea, dark tea, yellow tea, etc.). In 
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some areas, tea service projects were also provided. The subsidiary acts as a bridge between the 

group and the farmers to optimize the tea supply chain business model process, and solves the 

threat of excessive business volume and insufficient production in the upstream of the tea 

supply chain, and also seizes the opportunity brought by the increase in market demand. 

 
4.2.1.1 Identify user needs, perceived opportunities and threats 

 
Around 2005, Hunan tea has opened the door to overseas markets, and its export business 

has flourished. The Hunan tea industry group, the focal company in the supply chain, is unable 

to bear the order volume of 40-50 million US dollars of export value by itself. It is imperatively 

to expand upstream supply channels4. 

 
In 2005, the Guzhang County government proposed the introduction of a large-scale 

leading enterprise plan to promote the development of the entire Guzhang County tea industry. 

The introduction of Guzhang County government undoubtedly brings new opportunities for 

Hunan Tea Group to establish new supply channels and reallocate resources.The general 

manager of Guzhang Organic Tea Company said: 

 
"Guzhang County government staff learned that Hunan Tea Group is a leading enterprise 

in the tea supply chain in Hunan Province. It immediately went to Hunan Tea Group 

Headquarters to negotiate with Chairman Zhouzhongwang to introduce the matter. After the 

Hunan Tea Group's board of directors conducted a survey, they agreed that Guzhang County 

Tea itself is of good quality. It can be developed into an upstream raw material production site 

to increase tea production and alleviate the shortage of supply and demand; On the other hand, 

it can also respond to the call of the National industrial poverty alleviation key development 

policy and carry out industrial poverty alleviation for tea growers in Guzhang County. " 

 
4.2.1.2 Mobilizing resources to seize opportunities 

 
In the investigation of Hunan Provincial Tea Industry Group, it was also discovered that 

Guzhang County had invested tens of millions of dollars in 1988 to establish a state-owned tea 

company, Guzhang County Tea Plant. However, its economic benefits are low and losses are 

made year after year. Therefore, Hunan Tea Group, the leading enterprise in the tea supply chain, 

seized the opportunity to acquired the original Guzhang Tea Plant with the local governemnt’ 

sss support. It also integrated the internal and external resources of the group, and invested 

advanced production equipment in Guzhang., dispatched management talents and technicians. 
 
 
 

 
4 Source: interview information of deputy general manager of Hunan Tea Group Co., Ltd. 
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Hunan Baishaxi Tea Factory 
company limited by shares 

Hunan Junshan Silver Needle 
Tea tea co., Ltd 

Hunan Xiang tea high 
technology limited company 

Guzhang organic tea co., Ltd. 

Subsidiary 

It took "Guzhang Maojian" as the main brand to set up a subsidiary-Guzhang Organic Tea Co., 

Ltd. (Zhao Kan, Mao Ningying, 2017). 

 
4.2.1.3 Continuous updating of organizational and evolving business models 

A. Processes 
 

Hunan Provincial Tea Group has incorporated a series of subsidiaries including Guzhang 

County into the supply chain. The subsidiaries manage the tea farmers and tea farms upstream 

of the tea supply chain. The subsidiaries are responsible for the local tea farmers 'technical 

training, tea quality monitoring, and tea purchasing, so as to reduce the head office management 

pressure, enhance the supply chain management ability and overall response efficiency. The 

process of the tea supply chain extended business model is shown in Figure 5. 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
  

Hunan Tea Industry Group 

 
 

Figure 5. The Supply Chain Extension Business Model: 

(Provincial Tea Group + subsidiary) 

Source: Author's research 
 

B. End customers 
 

The expansion of overseas markets has led to an increase in the number of end customers 

and the tea supply is in shortatge. After the subsidiary company was incorporated into the tea 

supply chain, a new supply channel was established for Hunan Tea Group. Take Guzhang 

Organic Tea Company as an example, after the establishment of the subsidiary company, a 

production base was built in four townships in Guzhang County. The tea production and 

acquisition area covers the entire Guzhang. The increase in output meets the increased demand 

from end customers. 
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C. Partners 
 

For the Hunan Tea Group, the inclusion of the subsidiary into the tea supply chain firstly 

helped the Hunan Tea Group to establish its own production base in Guzhang, a place with 

excellent tea quality, and improve the tea yield in the supply chain. Secondly, Hunan Tea Group 

facilitated the management of tea farmers in planting, production, processing and acquisition, 

and stabilized the quality of tea in the tea supply chain. Once again, it helped the subsidiaries 

to carry out activities in the local area, strengthen their communication with the local 

government, and enrich the information transmission in the tea supply chain. 

 
For the Guzhang Organic Tea Company, a subsidiary of the tea supply chain, through the 

Hunan Tea Group, the company received financial support, introduced advanced tea production 

equipment and technical guidance, and not only expanded the production base. Local tea 

farmers can also be trained with technical skills. Finally, as a strong downstream sales channel, 

the subsidiary company can sell its products as long as it guarantees the quality of tea. It can 

also develop its own tea business and maintain its own customers to generate additional income. 

 
D. Employees 

 
The establishment of the subsidiary has had a great impact on the personnel changes in the 

nodes of the tea supply chain in Hunan Province. The general manager of Guzhang County 

Organic Tea Company said: 

 
“Subsidiaries only retain office staff, finance staff and workers who are locally recruited, 

and technicians are delegated by headquarters.” 

 

The flow of technicians has increased the convenience of local tea farmers' production 

knowledge. The technical personnel have improved the tea farmers' production enthusiasm and 

production technology, as well as the technical skills such as pest control, scientific fertilization 

and variety optimization, and the stability of product quality. 

 
E. Products 

 
Due to the small influence of the original brand of Guzhang County Tea Factory, the sales 

of tea as a famous brand are difficult. Therefore, after the establishment of the subsidiary, the 

company mainly produces and sells low-end tea products, such as dark tea. On the other hand, 

because Guzhang Organic Tea Company is located in the middle of two tourism regions, so the 

subsidiary promotes the integration of tea tourism and provide products such as tea picking in 

the farms directly to end customers. 
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F. Environment 
 

The establishment of Guzhang County Organic Tea Company has driven the development 

of the entire tea supply chain business model. The government of Hunan Province supports the 

introduction of focal company to invest or control local tea farms and small enterprises in the 

form of capital, technology and equipment acquisition to form an interdependent community 

of interests. After 2005, Hunan Tea Group in the tea supply chain continued to increase its 

investment. Beside the Guzhang Organic Tea it has more than ten tea companies in the upstream 

of the tea supply chain, as shown in Table 3. On the other hand, the expansion of products 

responds to the complexity of the environment. 

 
4.2.2 Supply Chain Extension Business Model：Provincial Tea Group + Subsidiary+ 

Cooperative 
 

The supply chain extension business model of Provincial Tea Group + Subsidiary + 

Cooperatives takes the emerging cooperatives in the supply chain as the starting point and 

adjusts the supply chain business model process. The model lift the tea farmers' productive 

enthusiasm, it can comprehensively manage the tea farmers, logistics and transportation 

becomes more efficient and convenient, and finally it meets the end customers' demand for 

quality. 

 
4.2.2.1 Identify user needs, perceived opportunities, and threats 

 
With the continuous improvement of the living standards of Chinese residents, consumers' 

awareness of the safety of tea has been significantly enhanced. The demand for tea products 

without pollution and pesticide residues is becoming more and more intense (Guang Xi, 2012). 

Improving tea quality is an important prerequisite for meeting the needs of users. At the same 

time, the scale of subsidiaries has continued to grow and the number of tea farmers has increased. 

Taking Guzhang as an example, in recent years, Guzhang has fully expanded the tea garden. In 

2010, the newly built area reached 60,000 mu5. The general manager of Guzhang Organic Tea 

Company mentioned: 

 
“In the past, we were able to train tea farmers regularly. Nowadays, tea farmers are 

gradually increasing. It is very difficult to train and take care of them. And tea garden 

supervision is also a big problem. Some tea farmers’ tea gardens are far away, and they cannot 

always monitor the pest control, fertilization, and production. If the monitoring is not in place, 

quality problems are likely to occur." 
 
 
 

5 Data source: http://www.doc88.com/p-3327742192147.html 
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It can be seen that the subsidiary's quality supervision and skill training on tea gardens are 

difficult to refine and implement. On the other hand, the sale of fresh leaves to tea farmers has 

also brought some inconvenience. A tea farmer stood in the tea garden and said: 

 
“Every year when the tea picking season comes, every household will go up the mountain 

to pick tea. When we send the picked tea to the tea company, we often have to wait in the queue 

to late night in order to sell them and go home.” 

 

At the same time, in 2010, the No. 1 Document of the Central Committee proposed to 

vigorously develop farmers' professional cooperatives6. The tea professional cooperatives in 

Guzhang and Shimen have sprung up. The motives for the establishment of cooperatives are 

mainly to facilitate the connection of tea farmers, the management of tea farmers, and the 

enthusiasm of tea farmers. The cooperatives in various townships can not only organize training 

independently, but also acquire fresh leaves from nearby towns and villages, which can solve 

the inconvenience of managing tea farmers and tea farmers in selling fresh leaves. 

 
4.2.2.2 Mobilize resources to seize opportunities 

 
In this context, the Hunan Tea Group and its subsidiaries in the tea supply chain seized this 

policy opportunity and began to establish or participate in cooperatives, seeking collaboration 

with local cooperatives, as shown in Table 3. Three local partners of Changde Shimen Anxi Tea 

Company, a shareholding subsidiary of Hunan Tea Group, established six cooperatives. The 

subsidiary companies manage tea farmers' production behavior and acquisition of fresh leaves 

by region via the cooperatives; while the rest of the company's resources are used to introduce 

advanced equipment, organize production and processing. 

 
4.2.2.3 Continuously updating organizations and evolving business models 

A. Processes 
 

The tea industry and its subsidiaries integrate the cooperative into the tea supply chain, the 

tea farmers take part in the cooperative and sell tea leaves to the subsidiarycompanies. The 

general manager of the tea company of Guzhang County said: 

 
"At present, the company's management of cooperatives is mainly to monitor the quality 

of the tea. We will conduct inspections and trainings for cooperative farmers. Every year, 

samples will be sent to testing institutions. If problems occur (excessive pesticide residues, etc.), 
 
 
 

 
6  Data source: information obtained from the author's research 
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Terminal market 

Retail terminal 

Means of production 

Tea farmers' 
professional 
cooperative 

Terminal customer 

... 

Hunan Baishaxi Tea Factory 
company limited by shares 

Hunan Junshan Silver Needle 
Tea tea co., Ltd 

Hunan Xiang tea high 
technology limited company 

Guzhang organic tea co., Ltd. 

Subsidiary 

the first year will require rectification. If there is still a problem in the second year, the tea of 

this cooperative will not be collected." 

 
Subsidiary management of cooperatives is conducive to improving the quality supervision 

of tea quality. In order to facilitate the cooperative management of tea farmers, Yangheshan Tea 

Cooperative has established the position of “plant protection staff”. The work of the plant 

protection staff includes patrolling the tea mountains, preventing insects (sending the facilities 

to the tea farmers, and telling the tea farmers about the pest control technology), telling the tea 

farmers about the time and method of picking, and the purchase price, so as to increase the 

enthusiasm of the tea farmers. The process of the second type of supply chain extension 

business model is shown in Figure 6. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  

Hunan Tea Industry Group 

 
 
 
 
 

Figure 6. The Supply Chain Extension Business Model: 

( Group + Subsidiary + Cooperative Mode) 

Source: Author's research 
 

B. End customers 
 

As a link between the company and tea gardens and tea farmers, the cooperative has 

implemented quality supervision and eliminated tea that failed to meet quality requirements, 

meeting the needs of end customers for tea quality. 
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C. Partners 
 

After the establishment of the cooperative, the cooperative acquired the fresh leaves from 

the tea farmers and sold them to the subsidiaries. Subsidiary processing, packaging, and then 

sold to Hunan Tea Group. Through the industrialized operation mode of “Hunan Tea Group 

+ Subsidiary + Cooperative”, Hunan Tea Group provides pre-production, mid-production and 

post-production serial services for upstream suppliers of tea supply chain, and hires experts to 

regularly cooperate for upstream cooperation. The partners teach the tea garden management, 

the technical essentials in the tea processing process, and provide seedlings and technical 

training free of charge. 

 
D. Employees 

 
Since the employees or members of the cooperative management are local tea farmers, 

they are more closely connected with the technical staff and management personnel of the 

subsidiaries, and the information communication is more convenient and efficient. Compared 

with the employees in the traditional tea supply chain, tea farmers and cooperative local 

employees have fewer communication barriers. 

 
E. Products 

 
Compared with the subsidiaries, the cooperatives are more closely connected with the tea 

gardens and tea farmers at the production base. The cooperatives supervised and technically 

guided the local tea gardens and tea farmers. The local members supervised whether the tea 

farmers were operating according to the production standards, solved the production problems 

encountered by the tea farmers, prevented the quality problems that may arise, and further 

improved the quality of the tea products that entered the market. 

 
F. Environment 

 
The large increase in the number of upstream tea farmers within the tea supply chain has 

made cooperatives an important part of the tea supply chain. Cooperatives have enhanced the 

exchanges between subsidiaries and tea farmers, and at the same time facilitated the support of 

national and local governments and played an increasingly important role in the tea supply 

chain. The tea supply chain extended business model (Hunan Tea Group + Subsidiary + 

Cooperative Mode) is more adaptable to changes in the external market environment and 

internal environment. 
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▪ 4.3 Consumer-centric supply chain business model 
 

We name the final type of the tea supply chain business model as “consumer-centric 

supply chain business model” which is driven by end customers ’ (especially foreign 

customers) needs on sustainability. At this phase the supply chain integrates internal and 

external resources such as tea farmers, cooperatives, and tea companies in the upstream supply 

chain to raise tea production and processing standards, apply for fair trade organization 

certification, establish high-quality tea gardens, traceability systems, reduce tea pesticide 

residues, and improve quality and safety standards. The system responds to consumer demand 

for “fair trade organization certified” products, as well as changes in tea pesticide residue 

requirements in tea importing countries. 

 
4.3.1 Identify user needs, perceived opportunities and threats 

 
Since the 21st century, the EU countries and the United States have continuously increased 

their requirements for tea imports, and export destination countries like China has increased 

their efforts to test the indicators of pesticide residues. At the same time, consumer awareness 

of sustainable concepts has increased, and demand for sustainable products has increased 

significantly. General Manager of the Hunan Tea Group said: 

 
“In 2010, our overseas salespersons found that consumers in overseas markets, especially 

in Europe and the United States, have greater demand for ‘Fairtrade’ or other certified tea 

products. Many buyers prefer to source from a ‘fair trade organization’”. 

 
The Hunan Tea Group is fully aware that the changes in demand of the overseas tea 

consumers (end customers) is both a challenge and an opportunity for the tea supply chain in 

Hunan Province. 

 
4.3.2 Mobilize resources to seize opportunities 

 
In response to the current requirements of the developed countries for imported food 

(including tea), Hunan Tea Group has established a traceability system for high-quality export 

tea garden bases, forming a “production record, information can be inquired, flow direction 

can be tracked, responsibility can be investigated, products Can be recalled. The traceability 

system effectively improved the standards of the tea supply chain (Wen Qiu lin, 2017). 

 
In response to consumer preferences for products with “Fair Trade” certified products, 

in 2010, Hunan Tea Group began to use Guzhang as a pilot to apply fair trade organization 

certification. In 2011, Guzhang began selling certified tea by the Fair Trade Organization. Tea 

certified by the Fair Trade Organization will not only be preferentially procured by consumers, 
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but also the small tea farmers in the upstream tea supply chain will receive rebates paid by 

consumers. The president of the Guzhang Peak Organic Association said: 

 
“Hunan Tea Industry Group sells tea to overseas. Within three months after the tea arrives 

at the port of the other party, the buyer will return the money to the Hunan Tea Industry Group 

account, and the tea group will refund according to the tea transaction volume of each 

cooperative.” 

 

Fair trade rebates can be used to develop business, purchase agricultural machinery and 

equipment to improve production and quality, or sustainable development projects for the 

benefit of producers' families and communities, such as building schools, health stations, bridge 

roads, etc. 

 
4.3.3 Continuously updating organizations and evolving business models 

A. Processes 
 

In the consumer-centric tea supply chain business model, consumer demand and opinions 

are important feedback to the upstream level of the tea supply chain, driving the evolution of 

the tea supply chain business model. The upstream enterprises and tea farmers in the tea supply 

chain apply for fair trade organization certification according to the needs of consumers, 

optimize their production methods and improve the tea supply chain process. The evolution of 

the business model has profoundly changed the thinking and cultivation methods of tea farmers, 

and reduced the use of pesticides and fertilizers. Cooperatives and subsidiaries have 

strengthened the use of fertilizers, the control of pest control methods, and the testing of 

pesticide residues in tea products. The process flow of the consumer center tea supply chain is 

shown in Figure 7. 
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Figure 7. Consumer-Centered Business Model 

 
Source: Author's research 

 
B. End customers 

 
For end-users, the purchase of products that are certified for fair trade, the first is the 

opportunity to purchase goods according to their own sustainable principles, that is, to spend 

more money on certified products and transfer to the tea farmers; Trade can exert its own 

influence when it is unfair; third, the customers can get quality and safety products. 

 
C. Partners 

 
On the basis of the original technical support, Hunan Tea Industry Group trained the tea 

farmers by the technical staff of the group headquarters, and introduced the requirements of fair 

trade into practice to help small tea farmers apply for fair trade certification. At the upstream of 

supply chain, the third party Fair Trade organization took part in the tea supply chain in Hunan 

province, It sets minimum prices for as many Fair Trade Organization products as possible, 

protecting tea farmers from global price fluctuations and falls. Hunan Tea Group of Hunan Tea 

Group has established a tea quality traceability system to supporting the tea cooperatives for 

applying fair trade organization certification, The Hunan Tea Group developed an even better 

relationship with the tea cooperatives and farmers. 

Hunan Tea Industry Group 

Terminal market 

Tea farmers' 
professional 
cooperative 

Retail terminal 

Means of production 
Terminal customer 

... 

Hunan Baishaxi Tea Factory 
company limited by shares 

Hunan Junshan Silver Needle 
Tea tea co., Ltd 

Hunan Xiang tea high 
technology limited company 

Guzhang organic tea co., Ltd. 

Subsidiary 
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D. Employees 
 

The consumer-centric business model has had a major impact on tea farmers. Tea farmers 

need to pay attention to the needs of end consumers for tea products, and strictly follow the tea 

production requirements of exporting countries and Fair Trade Organization. Second, fair trade 

organizations are committed to promoting equality, including gender equality and women's 

empowerment. Tea farmers can get better health and education services, improve production 

and living conditions. The promotion of sustainable standards can also give tea farmers a sense 

of pride and reduce the turnover rate of tea farmers. 

 
E. Products 

 
In order to meet the needs of end customers for “fair trade organization” certified tea 

products, Hunan tea supply chain collects, sorts and analyzes existing international organic tea 

standards, tea national standards, provincial local standards, as well as industry standards and 

Fair Trade Organization access standards, combined with the company's ISO 9001:2008 

international quality management system, the quality and safety standards from tea garden base 

to terminal market has been improved significantly. Some of the tea gardens are encouraged 

to apply for organic certifications. 

 
In 2017, Shimen County Organic Certified Tea Garden reached 2,660 mu. In Guzhang 

County only, Guzhang Organic Tea Company has nearly 4,000 mu of organic certified tea 

garden7. The organic and Fair Trade Organization certification has effectively improved the 

quality of tea products. 

 
F. Environment 

 
The consumer-centric tea supply chain business model emphasizes fairness and 

sustainability. Therefore, the original tea supply chain needs to implement a series of fair trade 

principles, and it is expected that the disadvantaged producers will be connected with the 

sentimental and advocated sustainable consumers to promote more fair and sustainable terms 

of trade. 

 
5. Discussion 

 
The essence of the supply chain business model is to define the way in which the various 

nodes of the supply chain provide value to customers, so that customers are willing to pay for 

value. Therefore, it reflects management's understanding of what customers want and how they 

 
7  Data source: information obtained from the author's research 
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are organized to best meet these needs, get paid and gain profit (Lau et al., 2010). Our case 

studies show that as the needs of end-users continue to change, the tea supply chain is forced to 

rethink and design and evolve its business model. The tea supply chain business model core 

enterprise needs to have the dynamic ability to sense the end customer's needs at any time, 

continuously integrate resources, rethink and design new business models, and continuously 

integrate resources to meet consumer needs, in order to achieve the business model evolution 

and optimization. By comparing the literature with the case data analysis, we summarize the 

following points: 

 
▪ 5.1 The Evolution Mechanism of Supply Chain Business Model based on User- 

driven Innovation, and Dynamic Capability 

 
The results of this paper are consistent with Teece, Pisano, & Shuen (1997, p. 517), which 

is the ability of companies to integrate, build, and reconfigure internal and external capabilities 

to respond to rapidly changing environments in a changing environment. The tea supply chain 

core enterprise group company is keenly aware of and captures external environmental changes 

at different stages of development, timely and proactively integrates internal and external 

resources and reconstructs resources to adjust dynamic capabilities, and promotes the entire tea 

supply chain business model evolution. To a certain extent, it denies the view of Winter (2003, 

p. 991) that dynamic capabilities are“born, not acquired,”and question whether they exist in 

practice. The specific evolution mechanism is shown in Table 3. 

 
Table 3. Summary of evolution mechanism of supply chain business model based on user- 

driven innovation and dynamic capabilities 
 

  
User-driven 

innovation 

Dynamic capability  
Tea supply chain 

business model Environment 

perception 

Resource 

integration 

Resource 

reconstruction 

P0 —— —— Provincial tea 

companies 

conduct market 

transactions with 

upstream tea 

farmers (farms) 

and downstream 

wholesale 

markets. 

A common, single 

tea product (green 

tea and other teas) 

Traditional business 

model 

   Loose   
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   relationship   

P1 End consumer 

tea 

consumption 

demand 

increases 

Perceived an 

increase in tea 

demand 

Provincial Tea 

Company 

establishes 

subsidiary 

company (holding 

company of 

Provincial Tea 

Company) and 

contacts tea 

growers (farms) 

through 

subsidiary 

company；There 

are relatively 

stable sales 

channels in the 

downstream 

wholesale market 

The relationship 

is changed from 

loose to tight 

Adjusted the 

structure of tea 

products, mainly 

middle and low- 

end tea products, 

such as black 

wool tea; 

Establishment of 

Tea Production 

Base; Developed 

Tea Travel Project 

(Tea Collection 

Experience, Tea 

Dinner and Tea 

Drinking) 

Supply chain 

extended business 

model one: 

Hunan Tea Group + 

Subsidiary 

 
 
 
 

Problems have 

arisen (with the 

increase in the 

number of tea 

growers, the 

company's training 

pressure on tea 

growers is high and 

inadequate; the 

supervision of tea 

growers is not up to 

date) 

P2 End 

consumers 

have higher 

requirements 

for tea quality 

Perceived the 

improvement 

of tea demand 

quality 

Provincial Tea 

Group appoints 

subsidiary to take 

the lead in 

establishing 

cooperatives or 

cooperating with 

cooperatives 

(shares); 

Provincial Tea 

Group hires tea 

experts to teach 

the cooperatives 

and tea farmers 

regularly; The 

subsidiary guides 

Further refine tea 

varieties, multi-tea 

management 

(Dark tea, Green 

tea, Black tea, 

Yellow tea, etc; 

Setting up plant 

protection      staff 

inside the 

cooperative, 

specially 

responsible for 

monitoring the 

quality of tea; 

Establishment   of 

New Sales 

Supply Chain 

Extended Business 

Model Two: 

Hunan Tea Group + 

Subsidiary + 

Cooperative 



The 2019 International Conference on Systematic Innovation 

July 08-11, 2019, Liverpool, The UK 

111 

 

 

 

   (provides 

technology and 

knowledge) and 

manages the 

cooperatives, and 

then the 

cooperatives are 

responsible for 

training and 

supervising tea 

farmers (farms); 

The downstream 

wholesale market 

has stable sales 

channels. 
 

Relationship from 

loose to tighter 

Channels 

(Overseas 

Markets). 

 

P3 The demand 

of end 

consumers for 

Fair Trade 

Certification 

products 

Perceived 

demand for 

Fair Trade 

Certified Tea 

Cooperation 

between 

Provincial Tea 

Group and Fair 

Trade 

Organization; In 

accordance with 

the standards and 

requirements of 

Fair Trade 

Organization, the 

Provincial Tea 

Group organizes 

cooperatives and 

tea farmers for 

training; Fair 

Trade 

Organization is 

responsible for 

fair trade 

certification of 

cooperatives; 

Establishing base 

of high quality 

export tea garden 

and traceability 

system; After 

passing green 

certification, some 

cooperatives join 

Fair Trade 

Organization; 

Access to Fair 

Trade Returns，To 

support the 

construction of 

schools, medical 

and health 

stations, bridges 

and roads, 

poverty-stricken 

college students 

and other 

sustainable 

Consumer-Centered 

Business Model 
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   There are stable 

sales channels in 

downstream 

wholesale 

markets (such as 

overseas 

markets). 
 

Transformed into 

Close relationship 

development 

projects. 

 

Note: P0, P1, P2, and P3 respectively represent the traditional business model of the tea supply chain, the 

extended business model, the extended business model, and the consumer-centric business model. 

P0, as a traditional business model, in a relatively static environment, the provincial tea 

company lacks the ability to perceive turbulent environmental changes, and is only a random 

market transaction between the upstream and downstream of the tea supply chain, the 

relationship between members is loose, and the tea products lack innovation. It is only a 

common tea product and has a single variety.As end-users increase their demand for tea 

consumption, provincial tea companies are keenly aware of changes in the external environment. 

Through the tea company that annexes the tea producing area, it is a subsidiary, and through 

the subsidiaries, it contacts many tea farmers (tea farms) to increase and protect the province's 

tea. The company's tea supply has enabled the provincial tea company to have its own stable 

position in the downstream wholesale market. On the one hand, the subsidiary has established 

its own tea base; on the other hand, it has carried out technical guidance and training for tea 

farmers (tea farms), and developed a new variety of tea to a certain extent, but this stage is still 

dominated by low-end tea products. At the same time, relying on Guzhang's tourism resources, 

the tea tourism project with the theme of tea picking, tea, tea and drinking was developed to 

promote the tea supply chain business model from P0 traditional to P1 extended business model. 

The relationship between the upstream tea farmers (field) and the downstream wholesale market 

has changed from loose to tight. To a certain extent, it has improved the dynamic capacity of 

provincial tea companies and optimized the entire tea supply chain business model. 

 
With the changes in the external market, end users are constantly improving the quality of 

tea, and provincial tea companies are keenly aware of changes in user demand and actively and 

actively integrate resources. First of all, the provincial tea company is led by the subsidiary to 

form a cooperative or participate in tea cooperatives and cooperatives to cooperate; secondly, 

the provincial company hires tea experts to give regular lectures to subsidiaries, cooperatives 

and tea farmers, and teaches tea garden management and tea product processing 

technologies;Subsidiary guidance (providing technology and knowledge) manages 



The 2019 International Conference on Systematic Innovation 

July 08-11, 2019, Liverpool, The UK 

113 

 

 

cooperatives, and cooperatives are responsible for training and supervising tea farmers (fields); 

downstream wholesale markets have their own stable sales channels. At the same time, the 

provincial tea company reconstructed the assets. For example, further refine tea varieties and 

develop multi-tea business projects (black tea, green tea, black tea, yellow tea, etc.; further 

change the product quality supervision system, set up plant protection staff inside the 

cooperative, specialize in monitoring tea quality; develop new marketing channels , establish a 

new supply channel (overseas market).Driven by the end user, and with the development of the 

dynamic capacity of the provincial tea company, promote the tea supply chain business model 

from the P1 extended business model to the P2 extended business model two evolution, the 

relationship between the tea group, upstream subsidiaries, cooperatives, tea farmers and 

downstream wholesale markets has become closer and the entire tea supply chain business 

model has been optimized. 

 
Due to the increasing demand from overseas end consumers for fair trade certified 

products, many overseas buyers prefer products that are “fair trade organization certified”. 

Provincial tea companies are keenly aware of the new needs of end users and actively and 

proactively integrate resources.First, provincial tea companies actively seek cooperation with 

fair trade organizations; secondly, provincial tea companies establish product traceability 

systems for high-quality export tea garden bases; once again, provincial tea companies 

systematically train cooperatives and tea farmers in accordance with the standards and 

requirements of fair trade organizations; Finally, the Fair Trade Organization is responsible for 

fair trade certification of the cooperative's tea products. At the same time, the provincial tea 

company reconstructed the assets.For example, establish a high-quality export tea garden base 

and build a traceability system; some cooperatives join the fair trade organization after passing 

the green certification; and obtain fair trade rebates to support the construction of schools, 

health care stations, bridge roads, and support for poor college students. Promote the tea supply 

chain business model from the P2 extended business model to the P3 consumer center business 

model, the relationship between the tea group and upstream subsidiaries, cooperatives, tea 

farmers (field), downstream wholesale markets and fair trade organizations become a close 

mutual benefit and win-win situation, which can promoted the business model of the entire tea 

supply chain to be more sustainable. 

 
5.2 Supply Chain Membership, Dynamic Capabilities and Supply Chain Business 

Evolution (Optimization) 

 
As Teece (2007) points out, continuous innovation requires more than just non-replicable 

resources, as well as unique dynamic capabilities that cannot be imitated. Business model 

innovation requires the cooperation of enterprise dynamic capabilities and resources. Business 

model innovation can also affect the dynamic capabilities of enterprises and accumulate 

dynamic capabilities for enterprises (Chen Dongdong, 2017). Agarwal and Selen (2009) 
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chain 
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P2 Business model evolution 
(optimization) 

P1 

P0 
Loose 

O Weak Dynamic capability Strong A 

demonstrate the dynamic capabilities built through collaboration among different stakeholders 

in the service company, resulting in service innovation and improved service delivery. In this 

paper, the provincial tea group initially develops dynamic capabilities by sensing changes in 

end-user demand, gradually improving the collaborative relationship among supply chain 

members, and promoting the continuous optimization of supply chain business models. This 

article succinctly summarizes the relationship between the three as Figure 8. 
 
 

Figure 8. The Relationship between supply chain membership, dynamic capabilities and 
the Evolution of Supply Chain Business Model 

 
As shown in the figure, as the supply chain business model evolves from P0 to P3, the 

dynamic capabilities of the supply chain core enterprise (provincial tea group) continue to 

increase, and the collaboration between the entire supply chain members is promoted from loose 

to tight. . The close relationship between the members of the supply chain is constantly 

strengthened, which in turn will further enhance (accumulate) the dynamic capabilities of the 

core enterprises. The two will work together to promote the spiral of the entire supply chain 

business model. Conversely, every optimization of the tea supply chain business model (for 

example, from P0 P1, P1 P2, etc.) will promote the improvement (or accumulation) of core 

enterprise dynamic capabilities. 

 
5.3 Analytical Framework of the Relationship between User-driven Innovation, 

Dynamic Capability and the Evolution of Supply Chain Business Model 

 
Based on the literature, the previous analysis and the above viewpoints, in order to better 

answer the questions raised in this paper, this paper proposes three sets of propositions around 
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the user-driven innovation, dynamic capabilities and supply chain business model evolution 

relationship, and draws this into a refined framework. See Figure 9. 
 

 

 
Figure 9. Analytical Framework of the Relationship between User-driven Innovation, 

Dynamic Capability and the Evolution of Supply Chain Business Model 

 
End-users' demand for tea production has increased, and the demand for tea quality has 

increased. The core companies in the supply chain have used dynamic capabilities to integrate 

resources, introducing two new roles of subsidiaries and cooperatives based on the traditional 

supply chain business model, and changing the supply chain network architecture. The 

inclusion of new roles in the supply chain has accumulated the dynamic capabilities of the 

original supply chain core enterprises, enabling the supply chain core enterprises to further 

develop their dynamic capabilities to better integrate resources and promote the evolution of 

their business models. Therefore, this paper proposes the following proposition: 

 
H1: User-driven innovation leads to changes in the dynamic capabilities of the supply 

chain core enterprise (environmental awareness, resource integration, resource reconfiguration) 

and changes in the tea supply chain network architecture (membership, structure). 

 
H1a: User-driven innovation leads to changes in the dynamic capabilities of the supply 

chain core enterprise (environmental awareness, resource integration, and resource 

reconfiguration). 

 
H1b: Changes in the dynamic capabilities of the supply chain core enterprise 

(environmental awareness, resource integration, and resource reconfiguration) promote 

changes in the tea supply chain network architecture (membership, structure). 
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H1c: Tea supply chain network architecture changes (membership, structure) will further 

promote the supply chain core enterprise dynamic capabilities (environmental awareness, 

resource integration, resource reconstruction) upgrade (accumulation). 

 
After introducing subsidiaries and cooperatives on the basis of integrating resources, the 

core enterprises of the supply chain adjusted and refined tea varieties through resource 

reconstruction, improved the quality monitoring of industrial products, developed tea tourism 

projects, etc., and optimized the original business model. Customers (such as high-end 

consumer markets and overseas markets), value propositions (tea products that meet the quality 

requirements of consumer demand), create more profit (value) than the original business model. 

It is evidenced by Barreto (2010) that dynamic capabilities help to improve time-consuming 

decision-making processes and initiate the evolution of business models. To this end, we 

propose a proposition: 

 
H2: The development of dynamic capabilities (environmental awareness, resource 

integration capabilities, resource reconfiguration capabilities) and changes in supply chain 

architecture (membership, structure) will facilitate the evolution (optimization) of the tea supply 

chain business model. 

 
H2a: The development of core enterprise dynamic capabilities (environmental awareness, 

resource integration, and resource reconfiguration) will facilitate the evolution (optimization) 

of the supply chain business model. 

 
H2b: Changes in the tea supply chain network architecture (membership, structure) will 

facilitate the evolution (optimization) of the supply chain business model. 

 
H2c: The development of core enterprise dynamic capabilities (environmental awareness, 

resource integration, and resource reconfiguration) will promote the evolution (optimization) 

of the supply chain business model by promoting changes in the tea supply chain network 

architecture (membership, structure). 

 
H2d: Changes in the tea supply chain network architecture (membership, structure) will 

promote the evolution (optimization) of the supply chain business model by promoting the 

development of core enterprise dynamic capabilities (environmental awareness, resource 

integration, and resource reconfiguration). 

 
The profit improvement caused by the evolution (optimization) of the tea supply chain 

business model has further tightened the utilization and linkage mechanism among the members 

of the supply chain, thus promoting the loose to close relationship between the members of the 

tea supply chain. This also proves Chen Dongdong (2017)'s point of view, business model 



The 2019 International Conference on Systematic Innovation 

July 08-11, 2019, Liverpool, The UK 

117 

 

 

innovation can also affect the dynamic capabilities of enterprises, and accumulate dynamic 

capabilities for enterprises. This enhanced dynamic capability can drive changes in the supply 

chain network architecture at a higher level. In this case, when the tea supply chain business 

model was changed from P2 to P3, on the basis of the optimized business model P2, the 

provincial tea group further integrated the fair trade organization into the tea supply chain, 

changing the original supply chain network structure, and Through the development of dynamic 

capabilities, cooperatives are encouraged to organically certify tea, establish a high-quality tea 

garden export base, join cooperatives to participate in fair trade organizations, and receive 

rebates to support local construction of schools, health care stations, bridge roads, and support 

for poor college students. The development project has promoted the overall super-sustainable 

development of the tea supply chain business model at a higher level. To this end, we propose 

a proposition: 

 
H3a: The evolution (optimization) of the supply chain business model will enhance 

(accumulate) the original dynamic capabilities of the core enterprise (environmental awareness, 

resource integration, and resource reconfiguration), thereby promoting the tea supply chain 

network architecture (membership, structure) )The change. 

 
H3b: The evolution (optimization) of the supply chain business model will promote 

changes in the tea supply chain network architecture (membership, structure), which in turn 

will enhance the dynamic capabilities of the core enterprise. 

 
6. Conclusions 

 
Using the single case study method, this paper examines the evolution stages and 

characteristics of the three levels of the tea supply chain business model. By studying the 

evolution of the multi-level (stage) tea supply chain business model and answering how the 

supply chain core companies (provincial tea groups) perceive, discover opportunities, 

coordinate, integrate and restructure resources to make their supply chain business model super 

sustainable The key issue of the evolving direction of development. The three propositions 

presented in this paper provide answers to key questions. By answering this key question, 

several important theoretical and managerial contributions can be drawn. 

 
▪ 6.1 Theoretical contribution 

 
First, we have learned that dynamic capabilities are a valuable theoretical framework that 

can be extended to the research side of supply chain business models. In the context of 

sustainable supply chain development, this research has greatly enriched and expanded the 

application of dynamic capabilities in the evolutionary theory of supply chain business models. 

To a certain extent, it has opened up a "black box" of dynamic capabilities to the evolution of 
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the supply chain business model. The study can conclude that, driven by end-user innovation, 

core enterprises can change the supply chain network architecture by developing three dynamic 

capabilities, namely, environmental awareness, resource integration, and resource 

reconfiguration.——On the one hand, it is reflected in the changes in the structure of the supply 

chain network; on the other hand, it reflects the change in the relationship between the members 

of the supply chain, and thus promotes the evolution (optimization) of the supply chain business 

model. In turn, the evolutionary (optimized) supply chain business model will in turn further 

affect the accumulation of dynamic capabilities of the core enterprise and changes in the supply 

chain network structure and membership. 

 
Secondly, through the analysis of the four stages and types of tea supply chain business 

model, we have contributed to the research of multi-level and multi-stage supply chain business 

model. Amit and Zott believe that the business model is the decisive source of value creation 

for supply chain nodes such as the enterprise itself, upstream suppliers, partners and 

downstream customers, and its evolution has become the focus of attention of all nodes in the 

supply chain (Zott et al., 2011; Amit and Zott, 2010). Different companies in the supply chain 

use different business models, and the supply chain business model can be seen as the 

integration of business models from various nodes (Huemer, 2012).Most of the existing 

researches have studied the business model from a static perspective. Based on the influence of 

user-driven innovation and dynamic capability development, our research has dynamically 

summarized the evolution of the tea supply chain business model into four distinct stages, and 

summarized the characteristics of the supply chain business model. 

 
▪ 6.2 Management contributions 

 
Our research has important management implications. Supply chain core enterprises need 

to implement different stages of strategy formulation, identify the characteristics and 

advantages and disadvantages of different supply chain business model development stages, 

and focus on core enterprise dynamic capabilities (such as environmental awareness, resource 

integration and resource reconstruction) according to end user needs. The construction of the 

relationship between the core enterprise and the upstream and downstream members of the 

supply chain is emphasized, so that the members of the supply chain are aligned with the core 

enterprise goals, and ultimately the continuous optimization or sustainable development of the 

entire supply chain business model. 

 
▪ 6.3 Limitations of research and future research directions 

 
By adopting a single case study approach, although it involves all levels of the upstream 

and downstream of the tea supply chain and government-related departments, our research still 

lacks the comparative limitations of the supply chain. 
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Since this study focuses on the dynamic capabilities of core companies in the tea supply 

chain, it should be aware that the dynamic capabilities of the tea supply chain also include the 

dynamic capabilities of other nodes, as well as the need to consider the dynamic capabilities of 

this series of nodes to coordinate and match each other. In order to truly achieve the sustainable 

development of the overall supply chain business model. 

 
Our research also points to some future research directions. First, researchers may use 

alternative methods, such as large sample surveys, to test the propositions presented in this 

study. Secondly, in future research, it is attempted to study the dynamic capabilities of different 

nodes in the entire supply chain and how the degree of coordination and matching between 

them affects the development of the supply chain business model. 

 
 

APPENDIX. 1a. Interview protocol for companies 
 

a) About the basic information of tea company 
 

-The development history of the tea company (establishment time, sponsor, company size at the time of 

establishment, current company size, etc.), and what is the main business scope? 

b) About the tea companies and Cooperatives 
 

- Does the tea company have a trading relationship with the cooperative? Is the cooperative embedded in 

the company or is it independent of the company? When is it embedded in the company, when was it 

established? What was the original intention of the establishment? How does the company manage the 

cooperative? What is the annual amount of tea traded by cooperatives and tea companies, and what is the 

proportion of the company's annual trading volume? 

- Does your company unify the production materials (seeds, fertilizers, pesticides, facilities), planting, 

processing, and logistics of cooperatives? If so, what to do? If not, why? What hinders unified 

management? What are the difficulties in unified management? why? 

C ) About the tea company in the supply chain 

- Is it possible to analyze the process of tea from the tea garden to the final consumer from a company 

perspective? What is the status of the tea company, and the relationship between suppliers, cooperatives, 

other tea companies, and customers (the relationship between your company and other parties in the supply 

chain)? Do you have a competitive relationship or share resources with other tea companies? 

- What are the supply channels of tea companies besides cooperatives? What is the proportion of each 

channel? 

- What are the main downstream customers of tea companies? What is the company's supply ratio to each 
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customer? 
 

- Does the tea company manage logistics for upstream and downstream? How to manage product 

distribution? Do you have your own logistics and distribution system? Why build or why not build? If not, 

what do you rely on for distribution? Is it safe? How is the tea of the upstream cooperative transported to 

the company? Who will bear the cost of transportation? How is the tea supplied by the company to 

downstream customers shipped? Who will bear the cost of transportation? 

- Do you think that joining The fair trade organization will affect the company's supply chain operations, 

and if so, what are the main aspects? Such as the choice of cooperatives or other supply channels, buyer 

supplier relationships and supply chain / network structure? Compared with companies that have not joined 

The fair trade organization, what are the different practices of the company in the above aspects? 
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Abstract 
 

Innovation is connected with creativity through design, but generating creative ideas is always 

challenging. In recent years, a number of computational tools have been developed to support 

designers in creative idea generation. However, these tools often employ existing databases, such as 

the WordNet, or customized databases containing a limited number and variety of data. Therefore, the 

performance of these computational tools is constrained by their current databases as well as working 

principles. Knowledge is considered a significant resource in supporting innovation. Crowdsourcing 

outsources tasks traditionally performed in-house to the crowd and uses external knowledge to solve 

problems and democratize innovation. Social media is a vital tool used in crowdsourcing that allows 

users to create and share knowledge online. Despite the proven value of crowdsourcing in other 

domains, an approach to crowdsourcing in product development is yet to be presented in literature. 

This paper proposes a novel approach using crowdsourcing on social media platforms to acquire 

knowledge from the crowd to support designers in generating creative ideas for product design and 

development, and ultimately leading to innovation. The process starts with posting an open call on a 

design challenge on social media platforms. Social media users, referred to as the crowd in this study, 

are encouraged to participate to solve the design challenge through posting solutions using descriptive 

texts. This data is then crawled, by employing data mining techniques, and analysed using natural 

language processing tools. The processed data, which is known as crowd knowledge in this study, is 

then provided to designers for supporting the generation of creative design ideas. Limitations and 

challenges of implementing this approach into computational tools as well as using this approach are 

discussed to provide insights and directions for future research. 

 
Keywords: Creativity, crowdsourcing, data-driven design, innovation, social media 

 
 
 

1. Introduction 
 

Han et al. (2018a) described design as a specific end to the deployment of creativity, connecting 

creativity to innovation. Idea generation is a significant process during the early stages of design, 
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which is considered the foundation of innovation (Cash and Štorga, 2015; Sarkar and Chakrabarti, 

2011). It is significant to novel concept development as well as business success (Howard, Culley and 

Dekoninck, 2011). In other words, innovation is achieved through generating creative ideas. However, 

it is challenging to generate ideas, especially creative ones. This is due to problems, such as limited 

relevant knowledge, numerous existing ideas, lack of creative mind, and project time pressure (Han et 

al., 2018a). Bertola and Teixeira (2003) indicated that knowledge is a significant resource in 

supporting innovation. Therefore, providing designers with a creative knowledge database could 

support creative idea generation and lead to innovation. 

 
A number of computational design support tools have been developed to support creative design 

activities. However, the databases employed by these tools, such as the WordNet, ConceptNet and 

customised ones, involve a limited variety and number of data. Crowdsourcing is a model in which a 

number of solutions are produced to open calls, where social media is where the users or the crowd 

often create knowledge. Thereby, taking advantage of both crowdsourcing and social media could lead 

to the creation of a creative crowd knowledge database. By implementing this crowd knowledge 

database in computational design support tools could support creative idea generation and lead to 

innovation. 

 
The aim of this paper is to explore a social media crowdsourcing data-driven approach for 

innovation. The paper proposes a novel approach of employing social media as the sourcing platform 

and crowdsourcing as the method to produce a database for innovation. This database is known as the 

crowd knowledge database in this study, which is used to support design creativity and ultimately 

innovation. The crowd knowledge database will be implemented in existing computational tools to 

enhance the performances of the tools. 

 
2. Design Creativity 

 
Creativity is the process of generating something judged to be creative (Amabile, 1983). It plays 

a significant role in design, especially product design. Novelty, usefulness and surprise have been 

identified as the three core elements of design creativity (Han et al., 2019). However, generating 

creative ideas for product design and development is often challenging. A number of non- 

computational as well as computational tools have been developed to support designers in producing 

creative ideas during the early stages of design. Non-computational tools involve conventional ones 

such as TRIZ (Altshuller, 1984), and advanced ones such as design-by-analogy (Goldschmidt, 2001) 

and the 77 design heuristics (Yilmaz et al., 2016). However, some of the tools rely heavily on users’ 

knowledge. 

 
In recent years, various computational design creativity support tools have been explored to 

support creative idea generation, such as the Retriever (Han et al., 2018a), which could assist designers 

generate ideas through employing analogy and ontology, and Idea Inspire 3.0, which supports ideation 

retrieving biological systems (Chakrabarti et al., 2017). Chen et al. (2019) have explored an artificial 

intelligence approach to synthesize distinct concepts (images) to provoke designers in creative idea 
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generation. Some of the computational tools employ existing databases, such as ConceptNet and US 

Patents, and some others use customized databases containing a limited number and variety of data to 

support idea generation. However, these databases mainly involve past information. Besides, some 

information, such as technical knowledge, is challenging to understand by designers. These databases 

have limited the capabilities of current computational design creativity tools. Therefore, there is a need 

to explore new approaches to construct databases for computational creativity tools to support 

designers in creative idea generation, and ultimately innovation. 

 
3. Crowdsourcing and Social Media 

 
Crowdsourcing is described as a web-based creative problem-solving model, in which a 

distributed network of individuals produce solutions to an open call for proposals (Brabham, 2008). 

In design, Forbes and Schaefer (2018) suggested that crowdsourcing should be used mainly in idea 

generation and evaluation in product development through exploring current literature, as shown in 

Figure 1. Crowdsourcing is used most effectively in the early design phases as a consequence of the 

inverse relationship that exists between the size of the qualified crowd and the level of skill required 

to contribute. For example, in concept generation, ideas are not scrutinised on their technical rigor or 

feasibility (Daly, 2012). The number of those qualified to make these contributions is high and 

therefore the crowd available in this phase is large. 
 

 
Figure 1. Current literature’s exploration of crowdsourcing in each product development 

phase (One grey dot represents one source) (Forbes and Schaefer, 2018) 

 
Examples of crowdsourcing for idea generation include Goucher-Lambert and Cagan (2019) 

having used crowdsourcing techniques to obtain inspirational stimuli to support designers in ideation. 

Procter and Gamble’s “Connect and Develop”, is a famous example described as allowing the 

organisation to “partner with the world’s most innovative minds” by encouraging the crowd to submit 

product ideas and suggestions (M. Dodgson, 2006). Since using crowdsourcing for idea generation, 

Procter and Gamble’s R&D productivity increased 60% and 45% of new initiatives had elements 

discovered externally (M. Dodgson, 2006). Finally, DARPA’s crowdsourcing initiative, awarded 

$1,000,000 to an external design team for the creation of an “innovative marine tank drive train” that 

significantly improved the efficiency of the movement of the tank (Ackerman, 2013). Crowdsourcing 

has therefore been demonstrated as a success in many idea generation initiatives. Integrating the 
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crowdsourcing process as part of a data driven approach for design creativity, whereby formalising 

this process, could therefore prove incredibly valuable to designers. 

 
Crowdsourcing emerged with the ability to share information online. Social media has thus 

facilitated the growth of crowdsourcing by supporting users to create, share and edit information, as 

well as build relationships through interaction and collaboration (Mount and Martinez, 2014). Social 

media platforms, such as Twitter and Facebook, allows users to create and share information in text, 

picture and video forms. Kemp (2019) reported that there are 3.48 billion social media users in 2019, 

which leads to millions of posts every minute. By posting an open call for ideas on social media, 

whereby initiating the crowdsourcing process, potential participants can be reached, and ideas can be 

submitted quickly and easily. Social media can therefore be considered an incredible platform where 

a huge amount of knowledge is generated by the crowd. 

 
4. The Social Media Crowdsourcing Data-Driven Approach 

 

 
Figure 2. The social media crowdsourcing approach of creating a crow knowledge database 

 
A brief demonstration of the social media crowdsourcing data-driven approach for supporting 

design creativity and ultimately innovation is shown in Figure 2. The first step is to post the open call 

on a design challenge on social media platforms, such as Twitter and Facebook, with using a dedicated 

hashtag. The hashtag has two main purposes, of which the first one is to help the crowd identify the 

design challenge, and the other one is to support the data mining process by retrieving the data only 

containing the hashtag. In the second step, the crowd is encouraged, by offering rewards, to produce 

ideas using descriptive texts to solve the challenge. In addition, the solutions are posted on social 

media platforms with employing the dedicated hashtag. The solution posts, referred to as the crowd 

data in this study, are crawled by using data mining techniques through identifying the hashtag. In 

other words, only the posts including the dedicated hashtag will be crawled, which will discard a large 

amount of noise data. The crawled data are then analyzed by employing natural language processing 

tools, extracting useful keywords. The processed data, alternatively the keywords, forms a database 

for innovation, which is known as the crowd knowledge database in this study. The database or the 

crowd knowledge is then provided to designers to support them in generating creative design ideas 

and leading to innovation. Ultimately, the crowd knowledge database will be implemented in existing 

computational design support tools, such as the Combinator (Han et al., 2018b) to support creative 

idea generation. This will make better use of the crowd knowledge database, as well as improve the 

performance of the existing computational tools. 
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5. Discussions 
 

There are three key phases of this approach that require consideration. It is first important to 

consider how participation will be encouraged and managed. Secondly, the processing of the submitted 

responses on social media is significant in dictating the value of the crowd-knowledge database for 

idea generation. Finally, how the processed responses are used for idea generation and whether this 

differs from previously used databases, should be considered. The third phase, regarding use of the 

database, is managed by existing computational creativity tools but the first and second phases are 

included in this discussion. 

 
With regards to managing participation, social media allows access to a large number of people 

which makes it an effective medium for hosting a crowdsourcing initiative. Gaining active 

participation in on these platforms, however, requires strategic thinking. Social media is used 

extensively and constantly to attract attention and users can often be overwhelmed with online content. 

Furthermore, numerous responses are useful but involvement from a diverse number of users is also 

important for generating innovative ideas. Effort must therefore be made to increase exposure of the 

hashtag but while limiting the “echo chamber effect” that can reduce heterogeneity of the responses 

(Colleoni, 2014). By managing how the hashtag is exposed to potential crowdsouricng participants, 

text-based responses from users can be more effective for generating creative ideas. 

 
Using texts to provoke the designers’ mind in producing creative ideas has been demonstrated in 

a number of previous studies, but in various forms. For example, Shi et al. (2017) employed network- 

based texts, while Han et al. (2018b) used combinational texts. However, the presentation form of the 

crowd knowledge, the solutions generated by the crowd and processed by computational means in this 

study, still needs to be explored. 

 
Different from the data (texts) used in previous studies, the data produced by the crowd might 

involve sentimental as well as emotionality aspects. Thereby, during natural language processing, 

sentiment needs to be measured to demonstrate the positivity as well as the negativity of the whole 

text, and emotionality needs to be calculated on individual text segments to indicate positive and 

negative text segments. Understanding the sentiment and emotionality of the crowd knowledge could 

support designers in decision-making during creative idea generation. For example, designers might 

need to avoid the design aspects related to negative knowledge, and enhance design features related 

to positive knowledge. It is necessary to provide sentiment and emotionality information in the crowd 

knowledge database. This might also help the computational tools in a better comprehension of the 

crowd knowledge database employed. 

 
Further to processing emotional and sentimental aspects of participant responses, the way social 

media users communicated has development beyond just text-based. “Emojis”, “GIFs” and “memes” 

are frequently used on social media to communicate ideas. The extensive use of this image and video- 

based information means they must be considered in either the filtering process or during processing. 

The approach shown in Figure 2 specifies the use of key words to identify the key idea communicated 
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in participant responses. It may be the case, however, that the key ideas are communicated in a non- 

text-based way and when using the approach, how this is managed should be taken into consideration. 

 
Social media platforms such as Twitter are designed to encourage collaboration and interaction 

between users. This means functionality for “commenting on” and elaborating on other participants 

responses is integral to these online platforms. As a consequence, the processing of participant 

involvement needs to recognise not only individual responses including the hashtag but “clusters” or 

responses that all represent one idea. For example, one participant may use the hashtag to present an 

idea and this may initiate an online conversation, with further responses elaborating on or supporting 

the initial idea. Including every response involved in the conversation and weighting them equally 

could disrupt the crowdsourcing process. An understanding of how collaboration occurs on social 

media is therefore fundamental to procuring valuable results for idea generation. 

 
There is a great potential to utilise the crowd knowledge from social media platforms to support 

creativity as well as innovation. However, it might be challenging to implement this crowd data-driven 

innovation approach. Several research challenges have been discussed in this section, such as 

participation management, data processing, and new social media users’ communication styles. 

Further research is needed to solve the research challenges, which might also lead to new applications 

of this approach. Thereby, conducting a case study of using the crowd knowledge from a specific 

social media platform to solve a design challenge could provide more insights on this new and novel 

data-driven computer-aided innovation approach. 

 
6. Conclusion 

 
In recent years, a number of computational tools have been developed to support designers in 

creative idea generation. Their purpose is to encourage innovation by assisting in the generation of 

creative ideas but current solutions are constrained by available data bases that are limited by the 

number and variety of data. This paper presents a new approach that, by using social media as part of 

a crowdsourcing initiative, can create a richer and more valuable database for computational creativity 

tools. This database is called the crowd knowledge database and it is populated by presenting and 

distributing a design challenge with responses using a unique hashtag for identification. The crawled 

data are then analysed by employing natural language processing tools, extracting useful keywords. 

This approach is valuable as it proposes a method of capitalising on some of the most used and data 

rich platforms available; social media platforms. By doing so, however, a number of challenges need 

to be overcome. Firstly, social media encourages a different way of communication and interaction 

with image-based and video-based communication being used frequently. How and if this data will be 

included in this approach needs to be determined. Furthermore, different from the data (texts) used in 

previous studies, the data produced by the crowd might involve sentimental aspects that should be 

considered and elaboration on single ideas in an online conversation may create a “noisy” data set. 

Further research is required to address and overcome these challenges and further work need be done 

to ensure this approach can be integrated effectively with existing computational tools for creativity. 
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This paper therefore has indicated a new research direction in data-driven innovation, contributing to 

computer-aided innovation. 
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Abstract 

In November of 2018 the U.S. National Academies of Sciences, Engineering, and 

Medicine’s Report of the Committee on a Strategic Plan for U.S. Burning Plasma 

Research emphasized the role of the private sector in the process of nuclear fusion 

innovation. The Report’s main recommendation triggered the creation of the Fusion 

Industry Association, illustrating a shift into how the developed world could 

introduce a new primary energy source to gradually replace fossil fuels and address 

the ‘super wicked problem’ of global warming in the process. This paper introduces 

the Quadruple and Quintuple Innovation Helix inter-disciplinary and trans- 

disciplinary frameworks of analysis and discusses how entrepreneurship and 

innovation can contribute to the development of nuclear fusion and its 

commercialization. The two frameworks are currently being used across fields to 

promote fractal, multi-level, multimodal, multi-nodal, and multi-lateral approaches to 

accelerate innovation diffusion, increase the quality of democracy, and protect the 

natural environment (socio-ecology). We propose that managed co-opetive global 

solutions are critical in the nuclear fusion innovation and diffusion processes and that 

the emerging role of the private sector in the field can help enable new options to 

develop technologies critical for mitigating climate change. 

Keywords: climate change mitigation, global warming, nuclear fusion, private sector, 

Quintuple Innovation Helix, super wicked problem 
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Abstract 
 

Lean Sigma is an integrated systematic approach to apply lean manufacturing 

concept for evaluating seven wastes in production process and use six sigma tools for 

analyzing any process variations in machinery operations in the past two decades. 

Testing, inspection and certification (TIC) industry is one of the major stakeholders in 

manufacturing supply chain to provide the international testing requirements, verify the 

product safety in product development process and sustain high performance of 

production management system in production plant. Most of the researchers focus on 

the applications of Lean Sigma in manufacturing plants but seldom consider the 

effectiveness of testing machines in testing and certification laboratories. The purpose 

of this research applies Lean Sigma in case study to assess any potential problems on 

current testing machines, develop an innovative machine for shooting engineering 

issues and validate machinery performances in testing and certification industry. The 

authors hope this research can provide some insights in terms of productivity, reliability 

and safety in manufacturing and TIC stakeholders. 

 
Keywords: Lean Sigma, productivity and reliability, write test machine, testing and 

certification 

 

1. Introduction 

Product Safety is the basic product requirement in manufacturing industries and 

one of the critical factors to enhance the competitive advantage in manufacture as 

consumers have high expectation and awareness on the product safety, reliability and 

functionality. Manufactures have to secure the product with high performance and 

quality, numbers of testing, inspection and certification services have been increasing 



The 2019 International Conference on Systematic Innovation 

July 08-11, 2019, Liverpool, The UK 

136 

 

 

 

significantly to assist the manufacturers in the past two decades “Hong Kong Council 

for Testing and Certification, (2010)”. 

 
Automation is commonly applied in manufacturing industry, because of the high 

efficiency and quality, non-stop operation and manual work minimization in production. 

For example, manufacturers make use of the actuator, sensor, digital controller and 

human machine interface (HMI) especially in repeatable assembly operation process 

to replace manual works as for large amount of repeating work in any time or work 

impracticable by human as automation system keeps 24 hours in operation under 

limited labours and stabilized production quality. 

 
Lean Sigma approach is commonly applied in traditional manufacturing industries 

to assess the specified machinery performance and the whole production process in 

traditional manufacturing industries. Shah, Shandrasekaran, and Linderman (2008) 

implemented a massive survey for over 2200 organizations that integrated with lean 

manufacturing tools in Six Sigma projects, the survey indicated that lean 

manufacturing tools assisted the Six Sigma projects significantly rather conducted 

only one method. The conclusion of such survey was that both methods should be 

merged with each other to create a synergic approach to tackle any manufacturing 

process and product design problems. Lean Sigma has been successfully implemented 

in traditional manufacturing industries, it was seldom applied in the testing, inspection 

and certification for strengthening the testing machineries and testing operation 

process. The feasibility of applying Lean Sigma in testing, inspection and certification 

industry will be studied in this research paper. 

 
In this paper, an overview of Lean manufacturing, Six Sigma and Lean Sigma will 

be introduced in section 2. The background and market trend of testing, inspection and 

certification industry will be discussed in section 3. Thus, existing functions and 

potential problems on current write test machine and improvement methods with 

performance validation results on the innovative write test machine (iWTM) will be 

elaborated in section 4 and 5 respectively. Some development insights and future 

research works will be described in section 6. 

 

2. Lean Sigma 

Lean Sigma is an integrated approach “Pepper and Spedding (2010)” to combine 

with several manufacturing benefits from lean manufacturing production for 

increasing productivity and creating product value to customer; and six sigma for 

improving process performance and evaluating product or machinery operation 

efficiency “Drohomeretski, E. et al. (2014)”. The fundamental concepts of lean 

manufacturing and six sigma will be discussed as below. 
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Lean manufacturing is a systematic approach to apply various of lean 

manufacturing tools, such as Kaizen, seven-wastes management, total preventive 

maintenance (TPM), to conduct the process improvements in the whole product 

development cycle from conceptual design, physical modeling, testing to mass 

production. In fact, any type of organization could apply the lean concept in the whole 

operational process for saving any performance wastes and maximizing their 

productivity as well as capital investment. 

 
Six Sigma was developed by Motorola in 1987, and then Motorola became the 

winner of the Baldrige Quality Award in 1988 and gained 2.2 billion US dollars from 

1980s to 1990s after applying the model. Six Sigma is also a continuous improvement 

strategy like lean manufacturing to spot out any nonconformity in both pre-design and 

post-design stages in new product development process. However, Six Sigma consists 

of statistical process control for controlling the production parameters with acceptance 

boundaries; cause-effect analysis for identifying the major problems on product or 

production process; DAMIC (Define, Measure, Analyse, Improve and Control) 

methodology to assess the machinery performance and improvement. 

 
Corbett (2011) studied two winners of the Baldrige Quality Award from two 

different organizations in order to evaluate their performance sustainability levels. The 

results indicated that both organizations was able to conduct the culture of 

improvement continuously in all elements such as realization of customer value, 

quality improvement in both product and process, those elements could improve the 

relevant scores for the Baldrige Award. According to the improvement objectives of 

Lean Sigma “Figure 0” by Adapted of See (2010), four core improvement objectives 

of Lean Sigma are reducing (1) waste, (2) non-valued added work, (3) cycle time and 

(4) instability after integration of Lean Manufacturing and Six Sigma. 
 

 
Figure 0. Improvement objectives of the Lean Sigma 
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3. Testing, Inspection and Certification Industry 

Testing, Inspection and Certification (TIC) Industry is driven an important role to 

provide three major professional three-party services including (1) test any consumer 

or non-consumer products for verifying any potential hazards in different stages of 

new product development cycle; (2) inspect the critical production process for 

controlling any manufacturing deviations in machineries and tools at different 

manufacturing stakeholders like original design manufacturer (ODM), original 

equipment manufacturer (OEM) or raw material supplier in manufacturing supply 

chain and; (3) perform any internal and external audits for certifying the above- 

mentioned parties under various international product testing standards and country 

safety regulatory. In traditional manufacturing industries such as toy, small household 

appliances and construction, manufacturers are not only required to comply product 

safety testing standards including tension and tensile tests, product reliability and 

material fatigue tests in pre-design and post-design stages. They are also required to 

comply with the country regulatory requirements for setting up the manufacturing 

facilities and employing their workers in their fabrication plant during auditing. Thus, 

they have to fulfill their customer and country requirements for getting product 

certificates (e.g. ASTM 963-17 in United States, EN71 in European Countries) and 

international quality management and environmental system certificates (e.g. ISO 

9001, ISO 14001) before and during their manufacturing business. 

 
According to the TIC professional Report “Wise Guy Reports (2018)” forecasted 

that testing, inspection and certification market will be kept growing significantly from 

2017 to 2023 and achieved USD 58.38 billion in 2023. Reviewing the statistical 

breakdowns, the service amount of outsourcing testing services was more than the in- 

house testing services in 2017. Furthermore, industrial service application were 

occupied the market at USD 27.25 billion which was much higher than the commercial 

service application in the year of 2017. 

 
Actually, TIC industry could apply lean, six sigma or Lean Sigma in testing process 

improvement, machinery modification or automotive testing process respectively. A 

typical example is that commercial testing laboratory could group 5-6 departmental 

representatives to form a Kaizen team with mission of increasing certain percentages 

of unitization rate in write test machine. Then Kaizen team could use seven-waste 

management (including transport, inventory, motion, waiting, over-processing, over- 

production and defects) and the overall equipment effectiveness (OEE) analysis in 

TPM tool to evaluate any operational wastes and down-time during testing operation 

respectively. Moreover, Kaizen team could inform their evaluation results to both 

physical testing laboratory technician and machinery maintenance department before 

modifying any testing process or machinery design. After getting the consent of 
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findings and recommendations from relevant stakeholders, Kaizen team could keep 

monitoring the modification process and evaluating results continuously until achieve 

their targeted achievements. 

 
Thus, the abovementioned Kaizen team could also use DAMIC to perform the five 

consecutive steps in machinery improvement project. First step, team could execute 

the market analysis. Second step, team could prioritize the testing machinery list and 

select the top priority of machine for improvement. Third step, team could identify 

which components or parts should be improved. Fourth step, team could improve the 

potential hazards or problems on the existing machine. Fifth step, team could evaluate 

the enhanced machinery performance and compare the targeted results. 

 
4. Current Write Test Machine 

In stationary industry, write test machine is normally used to determine the ink 

performance in the whole supply chain from top-stream to down-stream stakeholders 

through retailer shop, trading company, commercial laboratory, manufacturing plant 

and trading company currently. In commercial laboratory, 10 writing instruments 

could be installed and conducted a reliability test to draw the continuous spiral line or 

straight line by write test machine “Figure 1”. 
 

Figure 1. Write test machine in commercial laboratory 

 
The fundamental working mechanism of this machine is divided into 2 major parts. 

In first part, a roll of blank paper is pulled by the first motor and fed into the machine 
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by passing through the writing module horizontally. In second part, 10 writing 

instruments are inserted into the writing module by testing operator vertically and 

touched on the blank paper. Afterwards, operator could set the parameters (e.g. 

operation time, writing distance) on the operation panel and start the writing test. In 

the meantime, spiral line or straight line could be wrote by 10 writing instruments and 

used paper could be passing through the machine from rear side to front side 

continuously to conduct the write test until time is up. 

 
In this study, Lean Sigma approach could be applied in this write test. DAMIC 

methodology of Six Sigma could be executed for checking the existing problems and 

feasibility of improvement in the current write test machine; Seven-waste management 

of Lean Manufacturing could also be performed for evaluating the whole write test 

process from preparing writing instrument and paper, controlling and monitoring the 

testing process; and enhancing testing reliability and productivity simultaneously. 

Operator could review the fluctuation of line intensity over the specified distance and 

evaluate the testing results. Echoing to the Lean Sigma method, there are three major 

problems (i) Waste of motion in collecting the used paper manually; (ii) Waste of 

defects on writing quality by writing instruments; and (iii) Occupational hazard on 

machinery movement; in the current write test machine to create a non-value adding 

process. 

 
i. Waste of motion in collecting the used paper manually 

 
During the write test, a long sheet of used paper is kept feeding into the write test 

machine by passing through from rear side to front side and the used paper is laid down 

on the floor which may damage the generated written line and affect the results of 

subsequent performance test. Besides, the operator may accidently step on the 

generated paper that may make the result become invalid or generated any accidents. 

In addition, the operator needs to spend a lot of time to collect and roll up the used 

paper manually after completing the test “Figure 2”. 
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Figure 2. Operator collects the used paper manually 

 
ii. Waste of defects on writing quality by writing instruments 

 
The write test machine will be stopped after reaching the pre-set writing distance 

automatically. However, writing quality of each writing instrument could not be 

detected during the write test as real-time monitoring system is not included. If any 

outstanding conditions like no ink in any writing instruments or poor writing quality 

on blank paper, either operator or machine could not detect such problem for every 

second during writing test. Therefore, both operation time, electrical energy and install 

time would be suffered due to the abovementioned writing quality problems. 

 
iii. Occupational hazard on machinery movement 

 
Occupational health and safety problem could also be found in the current write 

test machine as finger or foreign objects may be entrapped by the mechanical moving 

parts in testing process, Those problems may lead to occupational accident or damage 

to the machine. In commercial laboratory, there is either no safeguard to cover the 

mechanical parts (e.g. moving timing belt and gears) or sensor to stop the machine if 

any entrapment problems. Certainly, figure entrapment could be one of the potential 

hazards “Figure 3”. 
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Figure 3. Potential safety hazards in mechanical gears and belt without 
safeguard 

 
5. Innovative write test Machine (iWTM) 

This research project tackles above safety and functionality problems on current 

write test machine and design an innovative write test machine with three major 

modules including (i) automated paper collection module to improve waste of motion; 

(ii) real-time write-test monitoring module to improve writing quality; and (iii) Andon 

light and safety module to eliminate any potential hazards. 

 
i. Automated paper collection module 

 
Automated paper collection module is developed to solve the problem of 

effectiveness in the innovative write test machine “Figure 4”. It consists of two 

mechanical systems, including paper feeding system and paper collection system. In 

paper feeding system, A set of components are built by three-dimension printing 

machine to feed the paper and consists of 4 moving rollers which is driven by a DC 

motor. The gears on the roller with high number of tooth can provide more friction on 

the paper in order to feed the paper into the machine under consistent feeding speed in 

write test process. 
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Figure 4. Automated paper collection module 

 
Automated paper collection system is also developed to collect the used paper 

from the innovative write test machine in order to reduce the operation manually and 

increase productivity. As time elapsed, when the radius of the paper collection roller 

is increased, the speed of paper collection will also be increased mechanically for 

aligning both paper feeding and paper collection speeds. A programmable logic 

controller (PLC) is also applied to control the mechanical movement as well as 

different safety scenarios. 

 
ii. Real-time write-test monitoring module 

 
In general practical operation of current write test machine in commercial 

laboratory, the operator is normally working in office rather than the testing room after 

feeding a roller of blank paper and writing instruments in write test machine. In order 

to minimize any waste of defects in write test process, real-time monitoring module is 

developed, when the operator need to the situation of the machine, the operator could 

simply take out his/her smartphone to see what is happening. The internet protocol (IP) 

camera is installed on the safeguard and focused at the machinery operation process 

“Figure. 5”, the operator could not only monitor the write test by assessing the IP 

camera through desktop in office, but specified mobile application in electronic smart 

devices (e.g. smartphone, notebook, tablet) in everywhere. There are two major 

functions on the real-time monitoring module including (1) machine performance and 

(2) test progress. 
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Figure 5. Automated paper collection module 

 
In machine performance, the write test operation can be clearly seen and recorded 

by IP camera. For example, when the automated paper collection system is suddenly 

malfunction, the operator can observe from the IP camera and go to the machine to 

check what is wrong and conduct maintenance promptly. The IP camera can help the 

operator to identify some unexpected problems like paper wrist or insufficient paper 

feeding. Otherwise, it will be too late to rectify the paper feeding or repair the machine 

after completing the write test. 

 
In test progress: The writing performance can be observed from the IP camera. 

The operator can observe if there is any obvious starving or fluctuation of line intensity 

from the camera. Decision on whether the writing instrument pass or fail the test can 

be made. In addition, the data on the counter are clearly seen from the IP camera, the 

operator can obtain the data distantly. The operator can also know the condition of the 

machine by observing the color of Andon light from IP camera. 

 
iii. Andon light and safety module 

 
Andon light can indicate the condition of the innovative write test machine 

“Figure 6”. Buzzer is installed in machine and connected with Andon light and safety 

module. In case of any malfunction on the machine, buzzer could be activated to alert 

the operator for checking the machine immediately. There are three different lights in 

this module to represent three different conditions. When green light is switched on, it 

represents that the write test is operating in normally condition and test in progress, no 

action should be taken by the operator before completing the write test. 

 
When red light is switched on, it represents that the pre-set writing distance is reached 

and test has been completed. At the same time, the buzzer will active a sound to alert 

the operator for collecting all test instruments and checking the test results. When 

amber light is switched on, it represents that one out of two different uncertainties (1) 
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No ink in writing instruments; or (2) completed test earlier than pre-set time has been 

happened. Besides, the buzzer is being ringed to alert the operator as well. 
 

 
Figure 6. Andon light in machine 

 
There are three safety features are also applied in the innovative write test machine to 

minimize any occupational health and safety hazards. Firstly, Clearly plastic safeguard 

is applied to cover the moving module such as paper feeding and collection modules 

so as to prevent any chance of figure entrapment in testing process and solve the 

machine hazard directly. Second, plastic wrapping band is used to cover all electrical 

wires and exposed solder join in machine in order to avoid any electrical shock hazard. 

Third, emergency button “Figure 7” is also installed in obvious location in machine, 

when the operator or anyone technician find any unexpected problem on machine, 

he/she could press the emergency button to stop the machine at anytime for saving life 

and minimizing any damage in machine as well. 
 

 
Figure 7. Emergency button in machine 

 
iv. Performance Validation of iTWM 

 
After constructing the innovative write test machine, the following two 

performance validations were conducted to ensure the reliability of both writing test 
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results and machinery operations. First of all, writing performance results were 

positive in the validation test. By undergoing several times of tuning, the writing 

module was able to draw a circle with approximately 100 mm circumferences and the 

roundness of circular path were written to be a perfect circle “Figure 7”. 

Figure 7. Written patterns on test paper 

 
Besides, paper collection system was able to collect the paper automatically 

without affection the constant speed of paper feeding system. Therefore, the 

development of iWTM was developed to solve several safety and reliability problems 

on current write test machine successfully. 

 
6. Conclusion 

This research paper reviewed the Lean Sigma method; manufacturing and TIC 

industry conditions in Hong Kong and other countries. One case study of write test 

machine in TIC industry has been used to demonstrate how to apply the Lean Sigma 

method systematically and develop the innovative machine successfully. Thus, 

development process and performance validation of the innovative write test machine 

have also been introduced. Although the mechanical structure and scale of the 

innovative write test machine could be simplified and scaled down before releasing to 

the TIC industry, this is a good opportunity to TIC industry for improving both testing 

productivity, reliability and safety in existing testing machineries and equipment in the 

future. 
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Abstract 
 

Additive manufacturing (commonly known as 3D printing) was developed since 1987 and 

rapidly developed in the past ten years. Additive manufacturing is one of key technologies in the 

framework of Industry 4.0. The America Society for Testing and Materials (ASTM) technical 

committee F42 approved a list of seven additive process categories, including (1) material extrusion; 

(2) material jetting; (3) binder jetting; (4) sheet lamination; (5) vat photo-polymerization; (6) powder 

bed fusion; and (7) directed energy deposits. Due to the patent expiry of Fused Deposition Modelling 

(FDM) and Day light Processing (DLP), the cost of FDM and DLP machines drops significantly and 

have becomes the most popular type of machines for home users. Polymeric material such as 

polylactic acid or polylactide (PLA) is commonly used to make the filaments for producing the 

product in FDM. The (liquid) photopolymer resin is used in the DLP machine. PLA material is a 

kind of biodegradable thermoplastic material derived from renewable resources, such as corn starch, 

cassava roots, chips or starch. Meanwhile, test gauges are widely used in the testing and certification 

industry for the measurement of dimensions of consumer products. This paper explored the 

feasibility of application of additive manufacturing technology to make the test gauges. 

 
Keywords:   Additive   Manufacturing, Fused Deposition   Modeling, test gauge, testing and 

certification. 

 
1. Introduction 

 
Additive manufacturing (commonly known as 3D printing) was developed since 1987 and 

rapidly developed in the past ten years. Additive manufacturing is one of key technologies in the 

framework of Industry 4.0. The America Society for Testing and Materials (ASTM) technical 

committee F42 approved a list of seven additive process categories, including (1) material extrusion; 
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(2) material jetting; (3) binder jetting; (4) sheet lamination; (5) vat photo-polymerization; (6) powder 

bed fusion; and (7) directed energy deposits (Szykiedans, Ksawery, and et al). 

 
Due to the expiry of patents, the Fused Deposition Modelling (FDM) is now affordable and 

become available for home users. When an FDM printer begins printing, the raw material is extruded 

as a thin filament through the heated nozzle. It is deposited at the bottom of the printer platform, 

where it solidifies. The next layer that is extruded fuses with the layer below, building the object 

from the bottom up direction in a layer by layer sequence. Most FDM printers first print the outer 

edges, the interior edges next and lastly the interior of the layer as either a solid layer or as a fill in 

matrix. In some objects / models, there are fragile ‘overhangs’ that will droop unless they are given 

some support. FDM printers incorporate a mechanism whereby these support structures (called struts) 

are printed along with the object. They are removed separate after the build is complete. These struts 

are usually make of the same material as the object. Some printers have a second extruder to 

specifically deposit soluble thermoplastic struts when there is a need to prevent the overhangs from 

drooping. These struts may be of a different composition than the thermoplastic used for the 3D 

model. They are later dissolved by an appropriate solvent. 

 
The polymeric material such as polylactic acid or polylactide (PLA) is commonly used to make 

the filaments for producing the product. PLA material is a biodegradable thermoplastic material 

derived from renewable resources, such as corn starch, cassava roots, chips or starch (Frăţilă, 

Domniţa, and et al). Due to low cost of FDM machine and PLA filament material, the waste 

materials is rapidly increased. 

 
The 3D printing filaments were made by the extrusion process. The current extrusion machine is 

using a single screw to apply the high temperature and pressure to melt the material and push the 

material through the die to make the filaments (Dudek, 2013). The disadvantages of using single 

screw extrusion include: (1) no mixing capability for different recycled polymeric materials; and (2) 

melted polymer clogged extrusion machines and give poor printing quality. 

 
2. Applications of Additive Manufacturing (AM) Technology 

 
As additive manufacturing technology provides high degree of flexibility in product design and 

manufacturing, it is particularly suitable for producing low-volume high-value items. This 

technology is now commonly used in various industrial sectors because of its ability to produce 

complex structures and could easily be customized to specific user requirements (Horst, Diogo José, 

and et al). Furthermore, the product produced will be light weight and only require short time to 

produce. Popular applications include: (1) medical and dental application; (2) aerospace industry; (3) 

automotive; and (4) consumer products. Figure 1 shows the distribution of industrial and public 

sectors using additive manufacturing technology. 
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Figure 1. Percentage of Industrial and Public Sectors using Additive Manufacturing Technology (Terry, 2014) 

 
As additive manufacturing is very different from traditional manufacturing technology, high-

skilled engineers are involved in the design stage and up to manufacturing process. Figure 2 shows 

the typical steps from design to fabricate the product of additive manufacturing (Hildebrand, Kristian 

and et al). 

 
Figure 2. Additive Manufacturing Process 

 
In order to speed up the training process, Jared et al. adopted TRIZ methodology and proposed 

the additive manufacturing inventive principles, including 1) thin walls, 2) minimum bore diameter; 

3) packing density, 4) critical angles; 5) hallowing; 6) maximum bore diameter; 7) island height; 8) 

layer thickness; 9) build direction; 10) minimum pin sizes; 11) escape holes; 12) inclusion of 

substrate platform; 13) bore length; 14) aspect ratio; 15) lattice structures; 16) splitting the model; 17) 
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overhangs; and 18) gaps (Gross, Jared, Kijung Park, and et al). In our study, we will select and 

consider some of inventive principles to solve the problems. 

 
3. Test Gauges Used in Testing and Certification Industry 

In this study, we selected the rattles test template to be made by additive manufacturing 

technology. The test templates (Figure 3) are widely used in the international toy and children’s 

product safety standards. Figure 4 shows how the test templates are used to test throat impact hazard. 

In the past, the test templates are made of aluminum alloy or stainless steels. 
 

Figure 3. Rattle Test Template A & B 
 

Figure 4. Throat Impaction Hazardous Evaluation 
Although the contour of the test templates is not complex, it still requires different machines to 

fabricate the template. Firstly, the raw materials will be machined by the milling machine, then drill 

a hole at the centre of raw materials. The technician will use the Electrostatic Discharge Wire-cut 

machine (EDM Wire-cut) to make the ellipse / circular hole. As the EDM Wire-cut spent about 6 to 8 

hours to make the hole, the overall manufacturing time is around 2 working days. 
 

The test templates A & B are hand-held test gauge that are commonly used by quality engineers 

in production line, testing laboratory or the office. We selected the test gauges and studied the 
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feasibility if it is made of PLA materials by additive manufacturing technology. The FDM is selected 

due to the lower cost and faster manufacturing time (Wang, Yuanbin and et al). Figure 5 shows the 

FDM machine used to produce the test template. 
 

Figure 5. Fused Deposition Modelling (FDM) machine 
 
 

As illustrated in Figure 2, the 3D model was built in SolidWorks 2013 and converted to .stl file. 

Then we use the slicing software Cura to slice the model and generate the G-code file (Figure 6). 

Finally we copied the file into the FDM machine to print the test template. Table 1 shows the 

parameter of the 3D printing. When we sliced the test template, we applied several additive 

manufacturing inventive principles, such as (1) thin walls; (50 layer thickness; and (5) hallowing in 

order to reduce the machining time, weight and material usage. It is still be able to keep sufficient 

mechanical strength with this setting. 
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Figure 6. Slicing Process in Cura 

 
Table 1: Printing parameter of Test Template 

 

Parameter Assigned Value 

Layer height (mm) 0.2 

Shell thickness (mm) 0.6 

Bottom/Top thickness (mm) 0.6 

Fill density (%) 10 

Print speed (mm/s) 50 

Printing temperature (°C) 210 

Bed temperature (°C) 60 

Filament diameter (mm) 1.75 

Flow (5) 100.0 

 
 
 

4. Results 

Figure 7 shows the final products, the red template is made of PLA by FDM machine, the silver 

template is made of aluminum alloy by traditional machining. The printing time is 3.5 hours, it is 

faster than the traditional machining method. Although the test template could be used in third-party 

testing laboratories, it shall be calibrated to ensure its’ compliance with the specified requirements in 

the toy safety standards, such as European Standard EN71-1 or USA Standard ASTM F963. The 

optical profiler (Figure 8) and digital caliper are used to measure the dimensions (Sagbas, Binnur, 

and etal). Table 2 shows the requirements and the measured result. 
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Figure 7. Test Template A 
 
 

 
 

Figure 8. Optical Profiler 

 
Table 2: Measured Result of Test Template A 

 

Location Requirement (mm) Measured Value (mm) 

Thickness 30 (+0.1 / -0.0) 30.05 

Width 80 (+2.0 / -2.0) 80.05 

Length 65 (+2.0 / -2.0) 60.04 

Radius 17.5 (+0.0 / -0.05) 17.60 

Width of pocket hole 50 (+0.0 / -0.1) 50.05 

 
According to the measurement result, the radius and width of pocket hole are out of 

specification. 
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5. Conclusion and Discussion 
 

The additive manufacturing is a newly developed manufacturing technology to make the 

product. For the SLA or DLP technology, both can be used to make more precise product. However, 

their manufacturing time is much longer than FDM technology. It is found that the test template 

made by FDM fulfill most dimension requirements. Further study will be conducted to find out the 

optimum settings to improve the dimension of printed products. 
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Abstract 

Recent years, we have witnessed that the social media becomes an increasingly important channel for a 

sporting event, which enables fans to play a more active role as service value co-creator. Although these new 

media threaten the traditional sporting event supply chain and operations strategies, it also provides 

opportunities for growth through new adaptive supply chain and strategies. This paper uses Service-Dominant 

Logic (SDL) co-creation concept and the diffusion of innovation theory to investigate the impact of social 

media on fans value co-creation in sporting event. Data from the Chinese social media Weibo and its market 

report was collected and analysed. The findings reveal social media plays a key role as service innovation in 

the modern sporting event media supply chain. The paper further identifies three impacts of social media on the 

fans value co-creation: (a) fans participation; (b) fans experience; and (c) fans consumption motivation. 

Keywords: Weibo; FIFA World Cup; Social Media; Service Innovation; Sporting Event; Value Co-

creation 
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Abstract 

In the world of international ISO standards, ISO/IEC 17025:2017 is recognized because recognized as 

the new standard for the “General Requirements for the Competence of Testing and Calibration 

Laboratories”. ISO/IEC 17025:2005 been used by industries for twelve years since the 2005 version 

was published. The standards in 2005 version are obsoleted and a replacement standard in version 

2017 has been printed and in situ. With this, a variety of laboratories are affected with vital impact on 

their quality management system particularly in terms of knowledge management and risk 

management. The study outlines the major changes within the new revision. Concerning lots of data 

are increasingly produced every day in laboratories, Big Data as a fundamental tool of treating such 

data in the new version of standards are discussed. 

Keywords: Accreditation, Big Data, Strategic Management, Test Standards, Risk Management 
 

 
1. Introduction 

In the world of international ISO standards, ISO/IEC 17025:2017 is recognized because recognized as 

the new standard for the “General Requirements for the Competence of Testing and Calibration 

Laboratories”. ISO/IEC 17025:2005 been used by industries for twelve years since the 2005 version 

was published. The standards in 2005 version are obsoleted and a replacement standard in version 

2017 has been printed and in situ. Therefore, such important standard for the testing and certification 

laboratories has recently been updated with several extent of improvements in laboratory work 

practices. The new version of the standard encloses the actions and novel manners of performing of 

laboratories this present day. The key changes of the standards include the technological improvement, 

quality and risk management enhancement. The laboratories who previously accredited to ISO/IEC 
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17025:2005 are required to follow new version of ISO/IEC 17025:2017 during a three-year transition 

from the publication date of 2017. That means all accredited laboratories should switch their 

procedures on or before the end of 2020. Table 1 summarizes the modification in the 2017 edition. 

 
Table 1 General Requirement Comparison Between ISO/IES 17025:2017 and ISO/IES 17025:2005 

 

ISO/IEC 17025:2017 ISO/IEC 17025:2005 Adjustment 

1.0 Scope 
 

Scope Minor 

2.0 Normative 
 
references 

 
Normative references Minor 

3.0 Terms & Definition 3.0 Terms & Definition New 

4.0 General 
 
requirements 

   

4.1 Impartiality 4.1 Management Requirements Major 

4.2 Confidentiality 4.1 Management Requirements Minor 

5.0 Structural 
 
Requirements 

4.1 Organisation Major 

6.0 Resource 
 
Requirements 

   

6.1 General 4.1 Organisation Minor 

6.2 Personnel 5.2 Personnel Minor 

6.3 Facilities and 

environmental 

conditions 

5.3 Accommodation and 

Environmental Conditions 

Minor 

6.4 Equipment 5.5 Equipment Minor 

6.5 Metrological 
 
Traceability 

6.5 Metrological Traceability Minor 
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6.6 Externally Provided 

Products and 

Services 

4.6 Purchasing Services and 

Supplies 

Minor 

7.0 Process 
 
Requirements 

  
Minor 

7.1 Review of Requests, 

Tenders and 

Contracts 

4.4 

and 

5.10 

Review of Requests, Tenders 

and Contracts 

Major 

7.2 Selection, 

Verification and 

Validation of 

Methods 

5.4 Test and Calibration Methods 

and Methods Validation 

Minor 

7.3 Sampling 5.7 Sampling Minor 

7.4 Handling of Test or 
 
Calibration Items 

5.8 Handling of Test or 
 
Calibration Items 

Minor 

7.5 Technical Records 4.1 Control of Records Minor 

7.6 Evaluation of 

Measurement 

Uncertainty 

5.4 Test and Calibration Methods 

and Methods Validation 

Minor 

7.7 Ensuring the 
 
Validity of Results 

5.9 Assuring the Quality of Test 
 
and Calibration Results 

Minor 

7.8 Reporting the 
 
Results 

5.1 Reporting the Results Major 

7.9 Complaints 4.8 Complaints Major 
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7.10 Nonconforming 

Work 

4.9 Control of Nonconforming 

Testing and/or Calibration 

Work 

Minor 

7.11 Control of Data and 

Information 

Management 

5.4 Test and Calibration Methods 

and Methods Validation 

New 

8.0 Management 

System 

Requirements 

4.0 Management Requirements Minor 

8.1 Options 
   

8.2 Management 

System 

Documentation 

(Option A) 

4.2 Management System Minor 

8.3 Control of 

Management 

System Documents 

(Option A) 

4.3 Document Control Minor 

8.4 Control of Records 
 
(Option A) 

4.1 Control of Records Minor 

8.5 Actions to Address 

Risks and 

Opportunities 

(Option A) 

4.2 Management System New 

8.6 
 

4.7 Services to the Customer Minor 
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 Improvement 

 
(Option A) 

4.10 Improvement  

8.7 Corrective Actions 
 
(Option A) 

4.1 Corrective Actions Minor 

8.8 Internal Audits 
 
(Option A) 

4.1 Internal Audits Minor 

8.9 Management 
 
Review (Option A) 

4.2 Management Review Minor 

4.15 Management System  

Annex A Metrological 
 
Traceability 

  New 

 
According to Table 1, the clauses with major changes are “Impartiality (4.1)”, “Structural 

requirements (5.0)”, “Review of requests, tenders and contracts (7.1)”, “Reporting the results (7.8) 

and complaints (7.9)”. In the new version, new clauses have been established to enhance the quality 

management system including “Actions to address risks and opportunities (8.5)”, “Metrological 

traceability (Annex A). The laboratories should conduct gap analysis to review the existing 

management in 2005 standards with the new 2017 standards (Figure 1). 

 
 

 
Figure 1 The adjustments in ISO17025:2017 standards 

 

2. Risk Management 
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Risk-based thinking is highly emphasized throughout ISO 17025:2017. As stated in the standard, “this 

has enabled some reduction in prescriptive requirements”. According to the new requirements in 

Section 8.5, the laboratory shall consider risks associated with lab activities, including the laboratory 

equipment, environment conditions, manpower and sample handling. Hence, the activities are to: 

a) give assurance that the management system achieves its intended results 
 

b) enhance opportunities to achieve the purpose and objectives of the laboratory 
 

c) prevent, or reduce, undesired impacts and potential failures in the laboratory activities 
 

d) achieve improvement 
 

Section 8.5 emphasis that the laboratories should take proper actions to address the risks and 

opportunities. The laboratories can integrate and implement these actions into their quality 

management system and evaluate the effectiveness of these actions. 

Section 8.5 continues: “actions taken to address risks and opportunities shall be proportional to the 

potential impact on the validity of laboratory results”. A formal risk management process 

establishment is not mandatory, however, it is possible for the laboratories to apply other guidances 

or standards to address the risks. The actions for addressing risks and opportunities are taken in 

response to internal audit or external assessment findings, output from management review, 

complaints, staff and customer feedback, analysis of data and proficiency testing results. Risk must 

also be considered with corrective actions in the 2017 standard. Risks determined during planning 

shall be updated, if necessary, when a nonconformity occurs. 

In addition, risk are incorporated into section 7.10 Nonconforming Work of ISO 17025:2017. Actions 

in response to a nonconformance “are based upon the risk levels established by the laboratory”. 

Records of these actions must be retained. 

3. Data Management 

ISO 17025:2017 involves huge part in laboratory legal status and activities under the clauses of 

“Impartiality (4.1)”, “Confidentiality (4.2)” and “Metrological Traceability (Annex A)”. Big Data is 
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reaching high level of mastery and expansion [3]. 

 
On the other hand, there is a huge amount of data around and inside laboratory everyday activities 

such as the experimental and analytical results, findings from test data, as well as the data from 

uncertainty measurements. Therefore, Big Data through its enormous capabilities of managing details 

would imbricate ISO/IEC 17025:2017 [1]. With this, section 5.4.7 in ISO/IEC 17025:2005 [2] has 

been expanded from “Control of data” to “Control of data and information management”. It stresses 

that the laboratories should access to the data and information needed to perform lab activities. When 

computers or automated equipment are used for acquiring, processing, recording, reporting, storing or 

retrieving of test data, the laboratories shall ensure that the following: 

a) Computer software developed by the user is documented in sufficient detail and is validated as 

adequate for use 

b) Procedures are established and implemented for protecting the data. Such procedures shall 

include, but not be limited to, integrity and confidentiality of data entry or collection, data 

storage, data transmission and data processing. 

c) Computers and automated equipment are maintained to ensure proper functioning and are 

provided with the environment and operating conditions necessary to maintain the integrity of 

test data. 

 
4. Conclusions 

There are a number of considerations for laboratories to take in their transition to and preparation for 

the new edition of ISO/IEC 17025:2017 especially two major aspects: risk management and data 

management. Key to the process having good preparation is to understand the significant changes and 

the new requirements in ISO/IEC 17025:2017. If possible, it is essential to conduct gap analysis on 

the existing management system with the requirements in the new standard of ISO/IEC 17025:2017. 
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Abstract 

Sustainability-oriented innovation (SOI) is attracting widespread interest due to 

growing discussion over global warming and economic inequality. The aim of this 

paper is to understand how firms approach SOI and develop a systematic approach 

towards developing SOI in the manufacturing firm. The design of this study is 

qualitative, conducting semi-structured interviews to owners and managers in 

Indonesia. Indonesia was chosen as the context of the study because, as the fourth 

largest population in the world, it possesses the characteristics of developing countries 

that face the challenges of innovation and sustainability. Data is analysed using 

thematic analysis, which is then connected with the dynamic capabilities theory, as the 

main theoretical underpinning in this study. The findings suggested that only a few 

firms are adopting SOI in more advanced capacities than others (8 out of 25 firms). By 

looking at these few companies, we then analyse the systematic ways of developing 

SOI from a capabilities perspective. We found that there are four stages to becoming a 

more sustainable innovator. The first stage is related to firm motivation and the next 

three stages are about dynamic capabilities, where companies need to develop their 

SOI sensing, seizing, and reconfiguring through several micro foundations. This paper 

makes several contributions. Firstly, it contributes to SOI literature by analysing SOI 

from the capabilities perspective, which highlighted seminal reviews of SOI as 

potential areas of interest. Secondly, this paper contributes to creating a more 

systematic way of being a sustainable innovator, so that it is expected to provide 

benefits academically and practically. Thirdly, this paper contributes to SOI studies in 

emerging economies, which are currently rare. 
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1. Introduction 

Recently, sustainability-oriented innovation (SOI) has been attracting 

considerable interest due to economic inequality and environmental degradation 

throughout the world (Adams et al., 2016), the demand for firms as economic agents 

to be more responsible in running their business (Mittelstaedt, Kilbourne and Shultz, 

2015), and the current tendency of the market to buy products from innovative brands 

while also helping to maintain the natural and social environment (Unilever, 2017). 

This interest is marked by the increasing number of scholarly publications in this area 

in the last decade, among which are the influential publications from Nidumolu, 

Prahalad and Rangaswami (2009) arguing that sustainability is a key driver for firms’ 

innovation, and Hansen, Grosse-Dunker and Reichwald (2009) which was the first to 

introduce the term SOI in a scholarly publication. Besides these publications, other 

literature includes reports and various forms of grey literature (Adams et al., 2016). 

 
Although this growing interest, current studies on SOI, especially on firms' 

strategic behaviour to SOI, tend to be carried out in the form of systematic reviews (e.g. 

Klewitz and Hansen, 2014; Adams et al., 2016; Smart et al., 2017; Watson et al., 2018) 

or conceptual papers (e.g. Varadarajan, 2017). Contemporary studies that use an 

empirical approach are rare. Furthermore, based on critical examination of those recent 

reviews, very few SOI discussions in the context of developing economies. Less than 

ten percent of the articles included in those reviews were focused on developing 

economies. Indonesia, which is the focus of the current study, is one of the countries 

that have been overlooked. Indonesia has an interesting context considering its status 

as the fourth largest major developing economy in the world after China, India and the 

United States. It is a typical developing country, that has a large market, but that also 

faces challenges in terms of both innovation (Cornell University, INSEAD and WIPO, 

2018), and sustainability (RobecoSAM, 2018). 

 
Considering the rarity of SOI studies in the setting of developing economies (and 

not yet in Indonesia), as well as various concepts and reviews based mostly on studies 

within the developing context, our paper tries to address these deficiencies. It seeks to 

explore how Indonesia 's manufacturing firms approach their SOI on the basis of 

qualitative investigation, through semi-structured interviews with firms' managers and 

owners in industry, as this is the top priority for Indonesia for 2015-2035 (Government 

of Indonesia, 2015). Specifically, the research question that tried to answer was: “How 

do manufacturing firms’ approach SOI?” And, “What is a systematic way to become 

a sustainable innovator” 
 

This study made several contributions. Firstly, empirical research '. As observed 

from various reviews, this type of research is still rarely found. Secondly, the context 



The 2019 International Conference on Systematic Innovation 
July 08-11, 2019, Liverpool, The UK 

 

167  

of this study is Indonesia, which in observations has not yet been discussed in numerous 

reviews. This research contributes also to the SOI literature in the context of developing 

economies, which has been little discussed up until now. Thirdly, during the analysis 

process assessment criteria developed on firms' approach to SOI by combining 

empirical data and relevant existing theories. Furthermore, development of these 

criteria resulted in an analysis of the company's clusters in approaching their SOI. This 

research could be useful for practitioners as well as policy makers in understanding 

current actual conditions and taking strategic steps to help firms as economic agents to 

become sustainable innovators. 

 
This paper is structured as follows. The following section overviews the literature 

on SOI; it consists of a brief history of SOI and various SOI models and theories related 

to SOI discussions. The third section provides details of the data collection, data 

saturation, and the methodology used to analyse the data. The subsequent section 

presents the results of the analysis. The discussion of the results, implications, and 

limitations are presented in the final section. 

 
2. Literature review 

SOI is a specific form of innovation that addresses not only economic aspects, but 

also environmental and social. SOI is a combination of two pre-existing perspectives, 

namely eco-innovation and social innovation (Hansen and Große-Dunker, 2013). SOI 

is interchangeably termed in the literature as, among others, sustainability innovation, 

sustainability-driven innovation, green innovation, eco-innovation, sustainability 

development innovation, or sustained stability innovation (Varadarajan, 2017). he term 

SOI is considered to be the most suitable (Klewitz and Hansen, 2014; Adams et al., 

2016) considering that innovation for sustainability is about 'relative improvements in 

comparison to a prior or other entity' (Klewitz and Hansen, 2014). The term first 

appeared in the realm of scholarly publications in 2009, introduced by Hansen, Grosse- 

Dunker and Reichwald (2009). He himself adopted the term inspired from grey 

literature which was published five years previously by Fichter and Paech (2004). 

 
Previous reviews show that since SOI is an interplay of two established theories, 

innovation and sustainability, the development of the literature comes mainly from 

these disciplines. The elaboration of activities in SOI, for example, was carried out by 

Adams et al. (2012, 2016) based on innovations taken from the literature (Adams, 

Bessant and Phelps, 2006; Tidd and Bessant, 2009). Recent reviews from Watson et al. 
 

(2018) focus on the role of stakeholder engagement that is closely related to 

sustainability. Sustainability, which became a well-known word after the Brundtland 

report (1987), in the business context became more popular with the term triple bottom 

line from Elkington (1994). Various sustainability initiatives are closely related to 
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stakeholders around the company, both internal and internal, and both primary and 

secondary (Freeman, 1984; Clarkson, 1995). Internally, the support of employees, 

shareholders and especially individual concerns (Bansal and Roth, 2000) of owners or 

top management is a crucial aspect of implementing SOI. Externally, government and 

markets are among those that play a vital role in encouraging companies to conduct 

SOI (Zhu and Sarkis, 2007; Sarkis, Gonzalez-Torre and Adenso-Diaz, 2010). Both 

stakeholders have coercive strength, one with regulation, the other with their 

purchasing decisions. 

 
Among the models that discuss the way firms approach SOI is the seminal work 

from Nidumolu, Prahalad and Rangaswami (2009) in which a study was conducted of 

30 large enterprises. 

It found there were five stages for companies to become sustainable innovators, starting 

from ‘viewing compliance as opportunity’ to ‘developing new business models’. Other 

models that are well known are those that are based on a systematic review of Adams 

et al., (2012, 2016) and (Klewitz and Hansen, 2014). Adams et al. (2016) built their 

SOI model by synthesising literature both scholarly and grey from 1992 to 2012. The 

model consists of three contexts, namely ‘operational optimization’ as a basic context 

in SOI followed by ‘transformational organization’ and ‘system building’. This model 

in our opinion is a comprehensive model because it is synthesized from various 

empirical studies across sectors and across sizes. Another interesting model is by 

Klewitz and Hansen (2014) which focuses on SMEs; it describes five types of SME 

approaches to SOI ranging from 'resistant' to 'rooted sustainability'. The main limitation 

of these SOI approach models is that they are built based on the context of western or 

developed economies. Nidumolu, Prahalad and Rangaswami (2009) based their results 

on a study of firms in the United States and Europe. Adams et al., (2012, 2016) and 

Klewitz and Hansen (2014) based their review of most of the literature, more than 90 

percent, on developed context economies. This is in line with the findings of Schiederig, 

Tietze and Herstatt (2012) who found that the most active scholarly publication in this 

research area was from Europe. 

 
From the various SOI literature, among that frequently discussed besides the triple 

bottom line orientation, is the linkage with other parties in innovation. This relationship 

is more specific than stakeholder management because the focus is on innovation 

related to open innovation (Chesbrough, 2003; Kirschbaum, 2005; Chesbrough, 2006). 
 

 
This initially focused on large, multinational, and high-tech firms. Indeed there are 

differences in characteristics between high and low tech (Galati, Bigliardi and Petroni, 

2015) that make the level of openness of innovation different. Likewise, in SOI practice, 

these characteristics show differences between high and low tech. Firms that are hi- 

tech are more directed to for example producing applications or hardware that can be 
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useful for the wider community, known in literature as a bottom of the pyramid (Hart 

and Dowell, 2011; Tate and Bals, 2016). Low-tech firms such as those in food and 

beverages, can be creative by for example producing healthier products (Goggins and 

Rau, 2016) or organically certified products (Kearins, Collins and Tregidga, 2010). 

These differences in characteristics can also be viewed in terms of firm size. Some 

scholars (Revell, Stokes and Chen, 2010; Gallo and Christensen, 2011) explain the 

relationship between the size of the firm and its level of sustainability as smaller firms 

usually finding it harder to participate in sustainability initiatives given their operation 

scale (Pavelin and Brammer, 2006; Galani, Gravas and Stavropoulos, 2012) or 

limitation in knowledge (Roy and Thérin, 2008; Hörisch, Johnson and Schaltegger, 

2015). Larger firms are usually more mature in developing their SOI with the main 

drivers usually being regulation (Chen, 2008; Horbach, Rammer and Rennings, 2012) 

and also the market (Kesidou and Demirel, 2012; Triguero, Moreno-Mondéjar and 

Davia, 2013). 

 
3. Methods 

Our research question guided the research approach for this study. The qualitative 

method is the most appropriate approach considering that the nature of our research is 

exploratory (Silverman, 2013) as I are trying to understand how firms approach SOI. 

The data were collected through semi-structured interviews with instruments that have 

been piloted before. Interviews are mainly done face-to-face even though they still gave 

the interviewees the option to do so through Skype to accommodate their busy 

schedules or their distance constraints. Interviews were conducted in mid-2018 to early 

2019 for 33 interviewees (26 in person and 7 using Skype or similar application) from 

25 firms in Indonesia. Indonesia was chosen as the context given its uniqueness. First, 

Indonesia represents a portrait of developing countries with large markets that is 

experiencing high economic growth but is also facing a great sustainability challenge 

(RobecoSAM, 2018). Second, there are few developing countries (less than 10%) 

represented in studies on SOI (Adams et al., 2012, 2016; Klewitz and Hansen, 2014; 

Watson et al., 2018). Indonesia is one of the major developing economies that is not 

discussed in the articles reviewed in those various SOI review articles. Third, the latest 

of Indonesia’s policies greatly emphasises economic growth driven by innovation with 
 
 
 

great attention on sustainability aspects (e.g. National Medium Term Development Plan 

2015-2019 from Bappenas Indonesia, 2014). 

 
The firms studied are manufacturing firms with size definitions following the 

Enterprise Survey (World Bank, 2015) based on number of employees (small 5-19, 

medium 20-99, large > 100). The manufacturing sector was chosen based on the 

previous pilot study (early 2018), and it was found that the manufacturing sector has 
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the greatest impact on the environment and society, besides its large impact on the 

economy. Specifically, the firms studied are from the following industries: a) food and 

beverages, b) textiles, leather, footwear, and multifarious other areas, and c) other big 

five priority industries. This categorisation is based on regulations regarding the 

priority industry in Indonesia for 2015-2035 (Government of Indonesia, 2015). 

Samples were selected purposively with attention to diversity especially in terms of 

size and sectors. Samples were identified through access provided by the center of 

incubation, as one of the public universities in Indonesia and the community 

development unit of one of the largest state-owned enterprises in Indonesia, plus 

personal contact and sampling chain (Patton, 1990). 

 
The 33 interviewees are considered sufficient considering that over 30 interviews, 

there were no new emergent themes and all firms' sizes and sectors had been adequately 

represented (table 1). Also, this number implies an indiscernible norm in the interview 

research (Saunders and Townsend, 2016). The data is analysed using thematic analysis 

guided by Braun and Clarke (2006). The analysis progressed over three stages. First, 

all audio recordings (all recordings were made with the interviewee’s permission) were 

transcribed, checked by the author team, and transferred into NVivo 12 software. 

Second, the initial codes were generated by combining a priori codes (theory driven) 

and in vivo codes (date driven). Third, the authors found the themes. To help in this 

process, visualization in the form of a thematic map was developed in three iterations 

of initial, developed, and final (Braun and Clarke, 2006). 

 
Table 1. Sample characteristics 
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4. Findings 

We found a pattern in firms approaching their SOI. These approaches can be 

analysed into three main themes: triple bottom line, innovation openness, and 

stakeholder management. Figure 1 shows the themes emerging from the data (initial), 

which we reviewed and organised by looking at relevant theories (developed), and then 

we reviewed them again and made the analysis more concise (final). First, the triple 

bottom line reflects the firms' orientation in conducting their innovations. Some firms 

emphasise compliance and efficiency. Others believe that firms' innovations should not 

be limited to achieving profit, but also to having a positive impact on the environment, 

both environmental and/or social. The CEO of Firm A is from the food and beverage 

industry, and the marketing manager of Firm J is from the textile industry, for example, 

who emphasised the importance of compliance and efficiency and commented: 

 
“It means they saw our process, right, there’s an improvement. This means that whether 

we want it or not to follow the requested standard (ISO). So we know their direction, it means 

there is a process to change for production standards. Which is not only the results but the 

entire production process to spatial arrangements. So it not just a point to be curated.” CEO, 

Firm A 

 
“The most obvious were machines renewal and process efficiencies. That means, 

generally the dyeing requires chemical and physical processes, takes work time, and requires 

raw materials, to keep up with the ever-changing raw materials also required machine 

changes and efficiency of processing time because it's very clear that now requires a shorter 

processing time.” Marketing manager, Firm J 

 
 

 
On the other hand, the HR manager of Firm X who has the slogan, "to be a leader 

in innovation", explains how his firm formally emphasizes the importance of 

contributing to the surrounding environment. This was confirmed, among others, when 

we visited the location of the firm and saw the vision, mission, and values of the firm 

visualized in various places and through spontaneous talks with several staff members 

around the location. 
 

“… (In term of mission) we are a firm that brings change by creating value for the 

community based on the principle of interdependence. So we are a transformation firm that 

create value to society based on interdependent. This we want to be a firm that brings change 

by creating value for the community based on the principle of mutual growth. Now, the 

principle of mutual growth, growth and development can be done if the community 

contributes, the firm also contributes to society, becomes symbiotic. For example, for 

example in employment opportunities, people can work here in accordance with the expected 

competencies. And the most important thing is the presence of this firm does not make the 

environment damaged.” HR manager, Firm X 
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Figure 1. Thematic map of SOI approach 

 
Second, innovation openness refers to the firm’s openness in innovating for 

sustainability. This in particular is in the form of learning and linkage with the specific 

intent to innovate. Most firms conduct it in a closed manner by relying on the internal 

capabilities to innovate. For example, the VP Operations of Firm B explained how they 

manage innovation in their firm as follows: “Yes. It's all still in our heads… There is 

no one who can be delegated to manage it (idea to launch). Those that have been 

delegated are technical.” We found that this close innovation can be caused by firm size 

and can also be caused the nature of industry and competition, which makes it reluctant 

to collaborate with other parties. For example, in industrial textiles, leather, and 

footwear and multifarious other industries, the composition of the chemicals they use 

is confidential as revealed by the CEO of Firm D: “Because sharing with seniors is 
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useless, they never share knowledge… because it’s secret, [the] tanning compound is 

secret.” In addition, the HR and legal manager of Firm G said: “We never do that 

(discussion) with the other firms who make the same product, because they are our 

competitors...” 

 
Some are semi-open with external involvement to complement their internal 

efforts for innovation. This openness is more than just discussions with customers or 

suppliers and is generally done with universities or research institutions within a 

limited scope. For example, the CEO of Firm E collaborated with academics from 

universities in his city. 

 
“One day the lecturers came, and they joined the research here, student research with 

lecturer research were different right, there I found something new again. They are more 

detailed, at that time they discussed about the composition of the product scrambled, with 

many alternative compositions then we try and find the most delicious and that really helped 

me.” CEO, Firm E. 

 
There is only one firm that we found that has a high level of openness, namely L 

Company. This finding is not surprising because this firm is engaged in ICT and the 

electronic hardware industry. 
 

“We are open, mostly with research institute because we’re not doing research & development, we 

do development only…We cooperate with Research Institute X, Research Agency Y, Universities, 

including now with Institute Technology X in order to do research.” R & D Manager, Firm L. 

 
Third, stakeholder management refers to the way firms manage their surrounding 

stakeholders, both primary and secondary. Innovation openness and stakeholder 

management have similarities in the meaning of firms' relations with intra and extra 

organisations. However, both also have differences in terms of focus. Innovation 

openness focuses on firms’ innovations, while stakeholder management is broader in 

terms of firms’ efforts to manage their various stakeholders. We find that most firms 

focus on their primary stakeholders, such as with their employees or customers, to 

make their SOI successful. For example, as explained by the CEO of Company H 

regarding eco-efficiency that occurs in his firm by involving one of his managers. 

 
For example, WJL (water jet loom) uses water, right, and the water must always be clear 

in a water tank, well, how can the water tank hold water and the water should always be clean? 

At that time there was an idea from the chief of production to filter the water before being 

put into a water tank use majun, a residual production material, later it will be replaced every 

shift. The machine in the factory must remain on for 24 hours, it should not off… its take 

effect (to the cleanliness of water… He gave a good idea, the efficiency increases from 70% 

to 75%” CEO, Firm H. 
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We found that the involvement of secondary stakeholders in some firms with key 

stakeholders includes government and media. Relations with government are needed 

to ease the meeting regulations and utilize the facilities provided, for example in the 

form of training and exhibitions, both at home and abroad. The media helps SOI echoes 

to become more influential. The role of the media, for example, was explained by the 

CEO of Firm C, who gained publicity and helped local materials be raised at the 

national level, which ultimately helped increase the welfare of farmers in the city. This 

was confirmed when we visited his business premises, where he documented a lot of 

media coverage on his efforts to innovate in developing local raw materials. He 

received recognition in the form of many awards (more than 30 awards), both at the 

regional and national levels. 

 
“In the exhibition usually, there are journalists. Journalists are usually sensitive to 

something unique or interesting. Then at the first time printed in Newspaper X, I am very 

proud. Then from there print media came, 

electronics media came. We begin to discuss about this city… The farmer's economy is better than 

in the past…” CEO, Firm C. 

 
From the three main themes found, we then developed a criterion to help with the 

analysis of firms' approaches towards SOI (Table 2). This criterion is developed from 

the final thematic analysis, consulting with the relevant established theories. 

Table 2. Criteria for SOI approach analysis 
Criteria Low (1) Medium (2) High (3) 

Triple bottom 
line1 

Economic only. Innovations 
only focus on economic 
aspects, in the form of more 
profit, efficiency and 
compliance. 

Economic plus environmental 
or social. In addition to 
economic aspects, innovation 
is also conducted with respect 
to environmental or social 
aspects. 

Triple bottom line. Innovations 
are carried out with respect to 
economic, environmental and 
social aspects simultaneously. 

Innovation 
openness2 

Closed. Rely on internal 
innovation only. 

Semi-open. Internal 
innovation is enhanced by 
external sources. 

Open. Substantially involve 
external sources of innovation. 

Stakeholder 
management3 

Few. Engage only a few 
primary stakeholders with 
very limited scopes of 
involvement. 

Some. Some stakeholders are 
engaged, mainly primary 
stakeholders with one or two 
secondary stakeholders, with 
limited scope of involvement. 

Many. Many stakeholders are 
engaged, not only primary but 
also secondary, with wider scopes 
of involvement. 

Note: Relevant theories for each criteria including: 1Elkington (1994), Hart (1995) and Hart and Dowell 
(2011); 2Chesbrough (2004), Barge-Gil (2010), and Adams et al. (2016); 3(Freeman, 1984), Clarkson (1995), Tate 
and Bals (2016). 

 

We then looked back at the data and each firm was analysed against these 

assessment criteria. We follow the technique of Watson et al. (2018) in which scoring 

was determined by a certain number as a threshold. The difference is that Watson et al. 

(2018) applied this assessment to filter the quality of the paper in their review and set 
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a score of 8 or more out of a possible 15, which was included in the review. In this 

research, I applied this technique to the firms' approach, and our purpose was not for 

exclusion, but to find out the firms with approaches to SOI that were more advanced 

so that they could be analysed further. We set a score of 5 or above (out of a maximum 

possible 9) as a threshold. From the data, it is known that there are eight firms that are 

identified to have approaches to SOI that are more advanced with different intensities. 

The summary of the results shown in table 3. 

 
Table 3. Summary of firms’ SOI approach 

 

 
Firms 

Triple 
bottom line 

Innovation 
openness 

Stakeholder 
management 

 
Total 

A 2 1 2 5 

B 2 1 1 4 

C 3 2 3 8 

D 2 1 1 4 

E 3 2 3 8 

F 1 1 2 4 

G 2 1 2 5 

H 1 1 2 4 

I 1 1 2 4 

J 1 1 2 4 

K 1 1 2 4 

L 2 3 2 7 

M 2 1 1 4 

N 2 1 1 4 

O 3 2 3 8 

P 1 1 2 4 

Q 1 1 2 4 

R 1 1 2 4 

S 1 1 2 4 

T 1 1 2 4 

U 1 1 2 4 

V 1 1 1 3 

W 2 1 1 4 

X 3 2 3 8 

Y 2 1 2 5 

Note: This table developed based on criteria in table 2. 
 

We present the scoring results visually (figure 2) to find out the clusters, which 

helps in identifying further insights from the data. We found that there were 6 clusters 

formed. Most of the firms operate in combination of triple bottom line low – innovation 

openness low - stakeholder management medium. 
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Figure 2. The 3-D scatter plot of firms’ SOI approach 

 
From the 3-D plot (figure 2), a more advanced SOI approach is shown by 

companies in clusters 3, 4, and 6 which are indicated by a total score of more than 5 

(table 4). From these companies we then trying to identify what make them more 

advance in approaching SOI. 

 
Table 4. Basic and advance SOI approach 

SOI approach Cluster Firms 
Basic 
(operational optimisation) 

1, 2, and 5 
B, D, F, H, I, J, K, M, N, P, Q, 
R, S, T, U, W, V 

Advance 
(more than operational optimisation) 

3, 4, and 6 A, C, E, G, L, O, X, Y 

 
We found that firms with more advanced SOI has motivation for SOI and specific 

SOI capabilities. There are three themes that arise related firm motivations: (1) owners' 

ethical motives, (2) business consideration, and (3) stakeholder pressure. The SOI 

specific capabilities reflect the specific capabilities needed by the firms to become a 

sustainable innovator. Two key groups of capabilities are observed: substantive, and 

dynamic. We see a pattern that substantive capabilities are owned by all firms while 

dynamic capabilities are owned by firms that approach SOI in a more sophisticated 

manner. SOI dynamic capabilities reflect the company's ability to adapt, integrate, and 

reconfigure their ability to respond to contemporary sustainability challenges (Teece, 

2007; Adams et al., 2016). We find that SOI dynamic capabilities (figure 3) 

differentiates between firms that are in operational optimisation and beyond it. We 

explore this capability, especially from firms that are more mature in their SOI level. 

We found that there are six specific capabilities that need to be possessed, namely 
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xOne employee minimally carries out 
training … 16 hours per year 

xInvite a team of experts, this should 
be fixed 

 
Continual 
learning 

 

 
capturing a SOI idea, creating a proactive strategy, having a process to 

commercialize/implement sustainability-oriented innovation, managing stakeholders, 

governance, and continual learning. We group them into three dimensions: sensing, 

seizing, and transforming (Teece, 2007). 

 
Aggregate dimension 2nd order themes and sub-themes 1st order concept (participant centric terms) 

 
 

Figure 3. SOI dynamic capabilities 

5. Discussion and conclusion 

In this study, we have explored how firms are implementing their SOI. The result 

of the thematic analysis is the recognition of three main themes that emerge, namely 

the triple bottom line, innovation openness, and stakeholder management. We have 

demonstrated that each theme shows a firm’s specific orientation towards SOI. From 

these results, we then develop an assessment criterion that serves as a guide for us to 

look back at the data and conduct analysis individually for each firm. We were able to 

show that some firms are approaching SOI in a more advanced manner than other firms. 

We also found that these firms showed several different clusters in approaching their 

SOI. From the more advanced firms, we then identified that there are two main 

differentiating elements from other peers, namely firms’ motivation and SOI dynamic 

xThere are representatives of us… 
who manage it. 

xWe even have directors’ decrees 
about rewards for innovation 

 
 

Governance 

xPartnering... there are 250 farmers 
xI often interviewed by journalist xA 
program in collaboration with the 
Ministry of Communication 

 
Stakeholder 

management 

xWe don’t buy licenses, we develop 
the products ourselves 

xI experimented until I found the 
perfect recipe 

Process to 
commercialise 
/ implement 

SOI 

xI introduced myself and introduced 
the products 

xWe took the initiative to work with 
educational institution 

 
Proactive 
strategy 

xThen, I had an idea to make local 
rice as a souvenir of this city. 

xWhen I contacted them, they had 
never made it. 

 
Capture SOI 

idea 
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capabilities. Both of these can be divided into four systematic stages including bring 

up firm motivation, SOI sensing, SOI seizing, and SOI transforming (figure 4). 
 

 
Figure 4. Systematic way for SOI 

 
The first stage is firms’ motivation. Firms’ motivation reflect the reason why the 

company needs to be more sustainable innovation. This motivation must exist before 

moving to the next stage of capabilities. The first motive for the firms paying attention 

to sustainability is could be ethical. Personal motive of owners stems from a sense of 

responsibility for the social good beyond self-interest (L’Etang, 1995). From the data 

we found that firms aware that their business’s waste has the potential to cause disease 

and that this is not good, both for society and for business. Business consideration also 

emerged. This motive is close to what Bansal and Roth (2000) called as 

‘competition motivation’ (Bansal and Roth, 2000). The similarity between ‘business 

consideration’ and ‘competition’ relates to profit orientation. In this study we found 

that it is not directly related to competition, but rather that firms innovate by involving 

the wider social environment to meet their need for materials. The other motive is 

stakeholder pressure which revolves around pressure from stakeholders, especially 

from the market, government and society. Pressure from the market comes particularly 

when working on overseas or domestic market on the middle to upper market. For 

example, one of the firm was working on samples for potential buyers in Japan. 

Another firm revealed that they have ISO (International Organization for 

Standardization) and GMP (Good Manufacturing Practice) certification and are 

currently in the certification process of HACCP (Hazard Analysis and Critical Control 

Points). All these certifications require adequate handling of the waste produced. 

 
The second stage is developing SOI sensing. In theory, these dynamic capabilities 

(Teece and Pisano, 1994; Teece, 2007) refers to sensitivity and proactivity towards SOI 

ideas. In this study we found that two micro foundation of sensing are exist including 

capture of SOI ideas and proactive strategies to follow up the ide. We found that the 
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role of owner/entrepreneur in scanning and detection is highly dominant. Sensing relies 

on the role of the owner or entrepreneur or the strength of the firm's R & D. 

 
The third stage is SOI seizing which reflects the firms’ ability to address sensed 

opportunities by generating innovations that contain elements of sustainability. Seizing 

includes two specific capabilities, namely the process to commercialize/implement SOI 

and stakeholder management. The process to realize the idea of SOI in Firm C and E 

happens through repeated experimentation. Both are experimenting with product ideas 

and process ideas. For Firm L and Firm O, both rely more on relationships with key 

stakeholders. 

 
The fourth stage is transforming. Transforming reflects the company's ability to 

maintain its sustainability-oriented innovation. The two specific capabilities included 

in it are governance and continual learning. Governance, for example, is practiced 

through the mechanism of rewards and recognition for internal stakeholders who play 

a role in giving ideas (as practiced by Firm L) or forming teams and mechanisms so 

that relationships with suppliers from the surrounding environment can be lasting. 

Continual learning in smaller firms still emphasise the role of entrepreneurs, while in 

larger firms formally facilitates learning by employees, with learning requirements for 

each employee of at least a certain number of hours each year. 
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Abstract 
 

For more competitive industrial environment and shorter product lifecycle, the product 

development process has to be efficient to achieve design innovation. In this paper, authors proposed 

a product development approach in a “starting-with-the-end” manner after collecting all the 

development team members’ requests for product design. Such process model is named as “Expected- 

Final-Result (EFR)”-based product development. The concept of EFR is inspired by Ideal Final Result 

in TRIZ. However the definition is different, then the design conflicts occurred during the process are 

modeled through evolutionary trends and contradiction analysis in TRIZ. The evolved benefits are 

used to make relations to possible engineering parameters and then handled by means of contradiction 

analysis. By identifying the conflicts and once resolved, the product may accomplish a distinct 

innovation. A design quantitative evaluation strategy for the overall quality is discussed as well. 

 
Keywords: Collaborative product design, trends, engineering parameters, ideality 

 

1. Introduction 
 

Under the environment of growing industrial competition, product design is becoming more 

complex with multi-disciplinary requirements. These product requirements may come from different 

aspects such as customer needs, manufacturing restrictions, quality necessities or environmental 

concerns. To early involve wide-ranging deliberation in design process may reduce the chances of 

engineering changes afterwards and then shorten the product development duration to achieve the 

benefits of concurrent engineering. However, such multi-disciplinary integration process may lead to 

potential design conflicts which has to be further resolved as the development continues. The 

traditional way to handle this issue will investigate the product details and then deal with the relevant 

components. Such approach, in a sense, is performed from a bottom-up concept and it could be time- 

consuming to realize the critical problem. In this paper, we propose a novel product design process 

model by combining the concepts of Ideal Final Result (IFR) and Trends analysis in TRIZ theory to 

systematically locate the possible design contradictions from a top-down approach. 
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2. Literature Review 
 

▪ 2.1 TRIZ 
 

TRIZ is a Russian acronym, translated in English as “Theory of Inventive Problem Solving 

(TIPS).” The TRIZ theory was mainly developed by Russian scientist G. Altshuller in 1946 [1]. He 

and his colleagues analyzed hundreds of thousands of patents and classified methodically. They 

concluded the inventive principles and solving techniques involved in these patents to a systematic 

innovation approach. 

 
There are various methods and tools in TRIZ, including Contradiction Matrix, 40 Inventive 

Principles, Functional Analysis, Separation Principles, Substance-Field, Ideal Final Result, Trends, 

Effects, ARIZ, etc. The advantages of the TRIZ lie in its broad technical extent. In other words, the 

thinking direction of a mechanical engineer tends to be confined to his/her specific domain of 

knowledge. Nevertheless through TRIZ, we are likely to acquire solutions from different fields of 

knowledge such as electrics, chemistry, biochemistry, etc. The TRIZ theory not only breaks the 

bottleneck of limited acquaintance but also provides a more systematic search method for technical 

solutions. 

 
▪ 2.2 Patterns of Evolutionary Trends 

 
Altshuller recognized that technological systems evolve not accidentally but in accordance with 

certain patterns. These patterns can be revealed from the world’s accumulated patent information and 

intentionally applied for the purpose of advancing a system through its evolutionary stages. There are 

eight patterns in classical TRIZ as described subsequently: 

 
(1) Stages of evolution of a technological system; 

 
(2) Evolution toward increased Ideality; 

 
(3) Non-uniform development of system elements; 

 
(4) Evolution toward increased dynamism and controllability; 

 
(5) Increased complexity followed by simplification; 

 
(6) Evolution with matching and mismatching elements; 

 
(7) Evolution toward micro-levels and increased use of fields; 

 
(8) Evolution toward decreased human involvement. 
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Additional work has been made by TRIZ researchers to further interpret the evolutionary patterns into 

37 trend lines, which are listed in details in Table I [2]. In each trend there are increasing benefits from 

evolving between stages. For instance, the trend line of “Space Segmentation” is shown in Fig.1. 

 
Table 1. The 37 Lines of Evolution 

 
 

S
p

ac
e 
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 T
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s 

T1. Smart Materials (4) T8. Geometric Evolution(Linear) (4) 

T2. Space Segmentation (5) T9. Geometric Evolution(Volumetric)(4) 

T3. Surface Segmentation (4) T10.Increasing Asymmetry (4) 

T4. Object Segmentation (9) T11.Boundary Breakdown-Space (3) 

T5.Macro to Nano Scale Space (6) T12.Nesting-Down (4) 

T6. Webs and Fibers (4) T13.Dynamization (6) 

T7. Decreasing Density (3)  
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te
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e 
R

el
at

ed
 T
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d
s 

T14. Mono-Bi-Poly(Similar-Interface) (4) T23. Market Evolution (5) 

T15. Mono-Bi-Poly(Various-Interface) (4) T24. Design Point (4) 

T16. Mono-Bi-Poly(Increasing-Interface) (4) T25. Degrees of Freedom (6) 

T17.   Nesting-Up (3) T26. Boundary Breakdown-interface (3) 

T18. Reduced Damping (3) T27. Trimming (4) 

T19. Senses Interaction (5) T28. Controllability (4) 

T20. Color Interaction (4) T29. Human Involvement (6) 

T21. Transparency (4) T30. Design Methodology (6) 

T22. Customer Purchase Focus (4) T31. Reducing Energy Conversions (4) 
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T32. Action Co-ordination (4) T35. Mono-Bi-Poly(Similar-Time) (4) 

T33. Rhythm Co-ordination (4) T36. Mono-Bi-Poly(Various-Time) (4) 

T34. Non-linearity (3) T37. Macro to Nano Scale-Time (6) 
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Figure 1. The Space Segmentation trend and its evolving benefits 

 
▪ 2.3 Engineering Parameters and Contradictions 

 
Altshuller identified 39 system characteristics that were most often associated with one type of 

contradiction and then classified engineering problems to be resolved into 39 Engineering Parameters 

(EPs) [3]. D. Mann proposed the Matrix 2003 and expanded to 48 engineering parameters (see Table. 

II). The analysis and problem solving faced by product development may then be handled with TRIZ 

tools. We employ these 48 engineering parameters as the basic concerned factors because those may 

describe better for the current product design problem. There are two types of contradictions- technical 

and physical. A technical contradiction means that there are two different engineering parameters in 

conflict with each other; for example, a product has to be strong but low weight. A physical 

contradiction represents an engineering parameter conflicts itself; for example, a product needs to be 

low weight but also needs to be heavy weight for certain situations. 

 
Table 2. The 48 Engineering Parameters (EPs) 

 
 

1 Weight of moving object 25 Loss of Substance 

2 Weight of non-moving object 26 Loss of Time 

3 Length of moving object 27 Loss of Energy 

 
4 

 
Length of stationary object 

 
28 

 
Loss of Information 

5 Area of moving object 29 Noise 

6 Area of stationary object 30 Harmful Emissions 

7 Volume of moving object 31 Other Harmful Effects Generated by System 
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8 Volume of stationary object 32 Adaptability/Versatility 

9 Shape 33 Compatibility/Connectivity 

 
10 

 
Amount of Substance 

 
34 

 
Trainability/Operability/ Controllability 

11 Amount of Information 35 Reliability/Robustness 

12 Duration of Action of Moving Object 36 Repairability 

13 Duration of Action of Stationary Object 37 Security 

14 Speed 38 Safety/Vulnerability 

15 Force/Torque 39 Aesthetics/Appearance 

 
16 

 
Energy used by moving object 

 
40 

 
Other Harmful Effects Acting on System 

17 Energy used by stationary object 41 Manufacturability 

18 Power 42 Manufacturing Precision/ Consistency 

19 Stress/Pressure 43 Automation 

20 Strength 44 Productivity 

21 Stability 45 System Complexity 

 
22 

 
Temperature 

 
46 

 
Control Complexity 

23 Illumination intensity 47 Ability to Detect/ Measure 

24 Function Efficiency 48 Measurement Precision 

 

▪ 2.4 Ideality 

 
When the system contains only useful functions without any harmful function, then it comes to 

the Ideal Final Result (IFR). Therefore the Ideality relationship is expressed as follows: 

 

 
Ideality 

All useful effects 

 All harmful effects 

 




This conception may help designers jump out of their psychological inertia and proceed the 

product design with IFR. In other words, starting the product project with IFR in mind, it may enable 

distinct innovation. 

 
3. The Process Model of Product Development 

 
▪ 3.1 The Analytic Mechanism Using Trends and Engineering Parameters 
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According to the evolving benefits of each trend line, we look into their characteristics that are 

related to the 48 engineering parameters, and construct a comparative scale with three levels: 

Absolutely Related, Probably Related and Probably Unrelated. We also set up quantitative measures 

correspondingly with the weights of 9, 3 and 1, for ranking the relevant degree. Noted that there is no 

“absolutely unrelated” to be considered because the unexpectedly derivative contradiction occurs on 

occasion, and it would not be appropriate to set that level. We illustrate the analytic mechanism with 

the example in Fig. 1. The evolving benefits from stage 1(Monolithic Solid) to stage 2(Hollow 

Structure) is examined to be related to engineering parameters as shown in Table III. The outcomes 

also demonstrate the related EPs with the tendency to increase or decrease. By selecting relevant trend 

lines and applying to the design contents of the product, we may make a connection between 

evolutionary trends and contradiction analysis, and transform the design problem into engineering 

parameters based on the analytic mechanism. 

 
Table 3. An Example of Converting Evolving Benefits Into The Relations to Engineering 

Parameters[5] 

 
Evolutionary stage Monolithic Solid ======> Hollow structure 

 
 
 
 
 

Evolving benefits 

- Reduced weight 

- Reduced use of material 

- Space to insert other material 

- Hole to hang an object from 

- Increase moment of inertia 

- Pass something through the object 

- Improve heat transfer 

 
Comparative scale 

(weight) 

Absolutely 

Related 

(9) 

 
Probably Related 

(3) 

Probably 

Unrelated 

(1) 

 1. Weight of 5. Area of moving object (+) The rest of engineering 

 moving object (-) 6. Area of stationary object (+) parameters 

 2. Weight of 7. Volume of moving object (-)  

 stationary object (-) 8. Volume of stationary object  

 17. Temperature (-) (-)  

 
Engineering 

Parameters 

26. Amount of 

substance (-) 

13. Stability of object (-) 

14. Strength (-) 

15. Duration of action by a 

 

  moving object (-)  

  16. Duration of action by a  

  stationary object (-)  

  32. Manufacturability (-)  

  33. Ease of operation (+)  
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Weighted 
relationships to EPs 
for the evolution of 
new product design 

Evolutionary trend lines 
analysis 

 
Evolve 

Increasing benefits 

The analytic 
mechanism 

between trends 
and EPs 

Current 
product status 

Design requirements 
from collaborative 

development 

Design 
relationship 

matrix 

Expected Final Result 
of the new product 

development project 

Potential 
contradictions 
identification 

Result of 
trends 

Result of 
trends 

 

Note: (+) = tend to increase, (-) = tend to decrease 

 
▪ 3.2 Process of the Analysis 

 
After collecting all multi-disciplinary design requirements, we define it as the “Expected Final 

Result (EFR)” of the new product development project. We then proceed trends analysis by selecting 

applicable trend lines to the new developing product and comparing to current product. The evolving 

differences or benefits should be the transformative or improving characteristics of the new product. 

As a result of applying the analytic mechanism between trends and EPs, we may obtain the weighted 

relationships to EPs, which represent crucial aspects for the new developing product. The concept of 

the process model is shown in Fig. 2. 

 

 
 

Figure 2. Concept of the process model 

 
▪ 3.3 EFR-based Product Development Process 

 
In order to solve the conflict formed by the collaborative product development, we define the so- 

called “Expected Final Result”, which means the final product meets all design requirements from the 

collaborative development team members. Establishment of the product design evaluation is based on 
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the concept of Ideality in TRIZ: a system evolves forward increasing Ideality through resolving 

contradictions in the system. This is analogous to but not the same as the original definition of IFR. 

 
In general, the IFR is not easy to describe and achieve because the system evolves to reach all 

the desired benefits (functions) without any harmful effects. Nevertheless after we plan and define the 

"product ideality" with different considerations (such as effective function, patent strength, product 

cost, etc.), the collaborative team members have a clearer goal or direction to improve the product. 

For example, if you want to increase the product ideality, we can increase the effective function or 

patent strength of the product, or reduce the product cost to achieve the purpose. 

 
Through the establishment of the product ideality, we will be able to trace the product 

development process, and locate key quality factors and parameters for the next stage of product 

improvement. For example, 

 
 Search for engineering parameters in product design requirements for the 

contradiction regarding “cost” parameters. 

 Simplify the possibility of product structure (which usually can reduce cost) and then 

look for “complexity” parameter contradictions 

 Apply evolutionary trend lines for the product to the next level, which usually can 

enhance the effective functions. 

 
By doing so, the product can be gradually enhanced for the ideality in an innovative cycle. 

 
▪ 3.4 Ideality Assessment 

 
Based on the ideality expression, we further consider the evaluation model for product design 

quality or improvement from three aspects: Effective Function, Innovation Level and Product Cost 

Variation. We then reformulate the Ideality expression (eq. 1) into equation (2) as shown below: 
 

 
Ideality Evaluation Effective Function   Innovation 

 
Level  

Cost Variation 

 

Effective Function: This factor is taken into account for how much percentage of the design 

requirements which should be fulfilled. We can further set weights (wi) for each design requirement 

(i.e. pi) to evaluate effective functions. Therefore, the total EF is calculated to sum up all of the 

individual EFi from each design requirement(m). The equation of effective functions is formulated as 

shown below: 

 
 

 

EFtotal   EFi 
i 1 

 

 

 
i 1 

wi 

wi 

 pi 
 



mm
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Innovation Strength Level: Product design must be innovative so that the quality of the 

technology can be assessed from the perspective of innovation, the number of technologies that can 

be patented, and the level of individual patent (based on five innovation levels in TRIZ). The level of 

innovation strength is then evaluated as eq.4. 

 
 

PStotal   PSi 
i 1 

 




where m is the patent quantity and ti is the innovative level (between 1 to 5) for each patent. 
 

Cost Variation: From the viewpoint of increasing Ideality, the product cost should be as low as 

possible. Even though we have resolved contradictions to obtain a new design, the increase of cost 

should be in a reasonable range, otherwise, it is not a good design because the Ideality may not be 

increasing. Therefore, the cost variation is estimated by percentage to compare the old design and the 

new design as shown in Table V for illustration. Note that the ranges of cost variation and Ideality 

values may be case-dependent. However, the manner of defining cost variation is similar. 

 
Table 4. Cost Variation Percentage 

 
 

Cost variation Ideality 

Decrease over 20% 5 

Decrease between 10% and 20% 3 

Decrease between 5% and 10% 1 

Cost varies within ± 5% 0 

Increase between 5% and 10% -1 

Increase between 10% and 20% -3 

Increase over 20% -5 

 
Ideality Evaluation: We have described three evaluation aspects and the way to quantify their 

assessments. The product ideality relationship is not necessarily the same for every enterprise, it is 

flexible and can be defined according to the enterprise’s core values. For example, "patent strength", 

"corporate profits" can also be used as an indicator of useful effects, "environmental hazards” 

“derivative contradictions” can be used as indicators of harmful effects. Note that these quantitative 

values have to be converted in order to acquire the comparability and consistency among criteria. After 

that, these converted values are then substituted into the Ideality equation (2) to obtain the Ideality 

evaluation of design quality, which can be used afterward for comparison to other design options. 

 
4. Conclusion 

 
According to the concepts and strategies of the proposed methodology, we may improve the 

understanding and quality of the product design from the perspective of TRIZ theory. Through an 

m 
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EFR-guided product development process the collaborative team members can cooperate better to 

enhance the development efficiency and product innovation. We also proposed a product evaluation 

model based on the Ideality in TRIZ theory. This model is especially concerned about the inside of 

design quality from the overall aspect, which involve the design requirements from customers, 

designers, engineers, etc. With a balanced and quantitative assessment, the designer can make a clear 

decision among choices during the early stage of product development process. The advantages of 

collaborative product development will then be achieved to obtain distinct innovation. 
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Abstract 
 

Current trends in the electronics products are towards miniaturization of 

components, high functionality, and denser packing of printed circuit boards (PCB). 

The technology of surface mounted technology (SMT) facilitates this trend, thus it 

becomes the core of electronics production. During the circuit board manufacturing 

process, the equipment usually generates more defects when working with smaller 

boards. To minimize these defects and improve throughput of the manufacturing 

process, many companies use a process called panelization, resulting in a PCB panel. 

However, some boards on the panel are defective and will be drawn with a cross mark, 

called cross-boards or X-boards. In the beginning of SMT process, the cross-boards 

should be detected first to avoid further processing. Traditionally, the detection of cross- 

boards is done by manual operation, which is called the labeling process. The labeling 

error rate is usually high and results in a lot of waste. To reduce the labor cost and 

improve the efficiency of surface mount assembly processes, this research built a vision 

system to detect the marker “X” on PCB panel and classify the PCB types by utilizing 

deep convolutional neural network (CNN). Experimental results indicate the CNN- 

based vision system can classify the PCB types correctly and detect cross marks. 

 
Keywords: Cross-board, deep convolutional neural network, PCB, SMT. 

 

1. Introduction 
 

The PCB (printed circuit board) is one of the key components in the electronics 

industries. PCB manufacturing is becoming more and more important due to strong 

demand on consumer electronics products such as smart phones, tablet PCs, and 
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wearable devices, which are indispensable for our daily life. PCBs are also at the center 

of enabling electronic devices to offer IoT (Internet of Things) capabilities. The IoT 

devices are the interface between the physical and the digital. Consumer electronics 

may be the first innovations with IoT that come to mind, but the demands on 

manufacturing, transportation and healthcare industries stimulate the IoT revolution. As 

a result, these large-scale industries require innovative PCB design and production that 

offers flexibility on a global scale. 

 
During the circuit board manufacturing process, the equipment usually generates 

more defects when working with smaller boards. To minimize these defects and 

improve throughput of the manufacturing process, many companies use a process called 

panelization, resulting in a PCB panel. In the process, some boards on the panel are 

defective and will be drawn with a cross mark, called cross-boards or X-boards. In a 

highly industrial division of labor environment, the PCB panels will be delivered to a 

PCB assembly (PCBA) OEM partner to assembles electronic components by SMT 

(surface mount technology) or DIP (dual in-line package). Current trends in the 

electronics products are towards miniaturization of components, high functionality, and 

denser packing of printed circuit boards. The technology of SMT facilitates this trend, 

thus it becomes the core of electronics production. SMT technology is based on 

replacing the conventional electronic components by the wafer-type of electronic 

components and using in-tray for the packaging. In the beginning of SMT process, the 

cross-boards should be detected first to avoid further processing. Traditionally, the 

detection of cross-boards is done by manual operation, which is called the labeling 

process, and is illustrated in Figure 1. 
 

 
Figure 1. The labeled X-boards (upper right board) on a PCB panel 

 
The labeling error rate is usually high and results in a lot of waste. To reduce the 

labor cost and improve the efficiency of surface mount assembly processes, this 

research intends to build an AOI (automatic optical inspection) system embedded with 

deep learning algorithm to automatically detect the marker “X”. The remainder of this 

paper is as follows: Section II overviews the AOIs in PCB and the theory of deep 

learning. Section III develops an X-board detection method based on convolutional 
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neural network (CNN). In Section 4, effectiveness of the proposed method is 

demonstrated by experiments analysis. Section 5 shows the conclusions. 

 
2. Literature Review 

 
In the manufacturing processes of PCB, visual inspection is responsible for 

detecting defects to ensure quality for all finished products, and in general it needs a 

large amount of labor cost. The inspection done by a human operator or an automated 

system helps to identify faults or defects, which could result in malfunction of the 

electronic product. Once the automated systems have replaced the human operators, 

they are called AOIs and are often part of the manufacturing lines. Nowadays, AOI 

systems are widely utilized in manufacturing, assembling, and inspection processes of 

PCB. Depending on the inspected electronics and the defects to identify, AOIs are 

equipped with very different types of image acquisition devices such as cameras with 

tele-centric optics, high-resolution cameras, programmable illumination modules, or 

high resolution X-ray (Wang et al., 2014). 

 
A lot of image processing and classification algorithms are used to cover a wide 

range of possible defects in PCB manufacturing. For the bare board inspection, 

numerous researches have been proposed to detect defects such as breakout, open 

circuit, pin hole, under etch, missing conductor, spur, short, wrong size hole, missing 

hole, over etch, and so on (Moganti et al., 1996; Acciani et al, 2006; Jiang et al. 2007; 

Mar et al. 2011; Xie, 2011; Yuk, et al., 2016). Some researchers focused on solder paste 

inspection (Yen et al, 2005; Wu et al, 2009; Mar et al., 2011; Jiang et al., 2012), and 

PCBA defect inspection such as wrong component, missing component, misalignment, 

no solder, bridge, tombstone (Sassanapitak & Kaewtrakulpong, 2009; Soukup, 2010; 

Kim et al., 2012). 

 
Configuring the AOI system takes time and requires a well understanding of image 

processing techniques. Meanwhile, variety of defects detection should be programed 

into AOI system by skilled computer vision engineers. Convolutional neural networks 

have been used in the area of AOI for decades (Zeiler & Fergus, 2014). CNNs are so- 

named because of the convolutional layers in their architectures. CNNs combine three 

architectural ideas: local receptive fields, shared weights, and spatial or temporal sub- 

sampling, to ensure certain of shift, scale, and distortion invariance (Lecun et al. 1988). 

Recent developments in the field of deep learning and convolutional neural networks 

(CNNs) have stimulated a new interest in using neural network for general image 

classification tasks (Hinton et al, 2006). The main capability of the CNN comes from 

its deep architecture. The deep convolutional layers are responsible for detecting 

discriminative features in all of the input images automatically. Traditionally, object 

detection needs manually specified features. As CNNs do not require pre-defined 
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features, they have been used extensively in computer vision (Lecun et al, 2015, 

Tajbakhsh et al., 2016). Liu et al. (2015) proposed architecture based on deep belief 

network and transfer learning to quickly detect defects. Other practical applications 

include rail inspection (Faghih-Roohi & Hajizadeh, 2016; Santur et al., 2017) and 

surface defects on steel sheet (Masci et al., 2012; Zhou et al., 2017). 

 

3. Research Method 
 

As the location of cross mark and the type of PCBs can vary extremely between 

the manufacturers, the functionality of the vision system is needed to be adjusted due 

to the continuously changing customer demands. Previous approaches using classic 

classification methods such as shallow neural networks or SVM (support vector 

machine), rely on the expert to specify discriminating features. To overcome the 

problems caused by manual labeling and simplify the teaching process of optical 

inspection, the research developed a vision system based on deep convolutional 

network. 

 
This study took an SMT OEM company located in Southern Taiwan as an example. 

There are three types of PCB boards need to be detected in the SMT company. To detect 

the cross mark and the types of PCB boards concurrently, the proposed CNN is designed 

with two branches. The first branch is called PCB branch and is responsible for 

detecting the types of PCB boards (Type I, Type II, and Type III). The second branch is 

called cross branch and is used to classify whether the board has the cross mark or not 

(“NG” or “OK”). The whole CNN architecture includes convolutional layers, max- 

pooling layers, and global average pooling (GAP) layers, as shown in Figure 2. 

Figure 2. The CNN architecture of the X-board detection system 

 
Convolutional layers convolve the input and pass its result to the next layer. 

Convolutional operation is based on the setting of three parameters, the size of the 

kernel map (also called filter), the stride, and the padding. The role of convolutional 

layer is to reserve the spatial domain feature and to reduce the images into a form which 

is easier to process. The max-pooling layer is responsible for down-sampling an input 

representation, reducing its dimensionality, and to help over-fitting by providing a 
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condensed form of the representation. To keep the invariant properties, mean-pooling 

or stochastic-pooling may be concerned and chosen in the CNN model. The global 

average pooling layer is used to minimize overfitting by reducing the total number of 

parameters in the CNN model. By carefully designing the three layers in the CNN 

model, it will not be constrained by the input image size. Therefore the three types of 

PCB boards with different image size can be detected using the proposed CNN 

architecture. 

 

4. Experimental Results 
 

There are three types of the PCB panels need to be detected, as shown in Figure 3. 

The corresponding image sizes of Type I, Type II, and Type III are 168 x 237, 464 x 

115, and 390 x 575, respectively. In this section, we illustrate the performance of the 

proposed CNN in SMT process of PCBA. The image augmentation technique was used 

to generate the training and testing data. There are totally 240,000 images for network 

training, and 3,000 images for testing. The parameters setting used in the learning phase 

of the CNN are listed in Table 1. 

 
Type I Type II Type III 

OK 
 

 

 

 

 

NG 
 

 

 

 

 

Figure 3. Examples of three types of PCB samples 

 
The experimental results are shown in Figure 4. The error rate of testing samples 

on cross mark detection and PCB type classification are 0.0026 and 0.0028, respectively. 

The results indicate the proposed CNN model can successfully detect the PCB types 

and the cross mark. 
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Table 1. The parameters settings of the CNN model 

 
Parameter Value 

 

Optimizers Adam algorithm 
Learning rate 0.0001 

Number of epochs 400 

Number of argumentations 600 images for each epoch 

Metrics  accurate 

Loss function for cross branch binary cross entropy 

Loss function for pcb branch categorical cross entropy 

Table Text  Table Text 
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“Cross” Target “OK” “OK” “OK” 

“PCB” Target Type I Type II Type III 

“Cross” Prediction “OK” “OK” “OK” 

“PCB” Prediction Type I Type II Type III 

Image  

 

 

 

 

 

“Cross” Target “NG” “NG” “NG” 

“PCB” Target Type I Type II Type III 

“Cross” Prediction “NG” “NG” “NG” 

“PCB” Prediction Type I Type II Type III 

Figure 4. Illustration of PCB detection results 
 

 

5. Conclusion 
 

This research built a deep CNN model to automatically detect the types of PCB 

and the marker “X” on PCB. Experimental results indicate the CNN-based vision 



The 2019 International Conference on Systematic Innovation 

July 08-11, 2019, Liverpool, The UK 

201 

 

 

 

system can classify the PCB types and detect cross marks successfully. It can replace 

the labeling process done by manual labor, thus results in labor cost saving and avoid 

processing the X-board on the follow-up SMT procedure. The proposed CNN model is 

expected to be applied to other PCB types to increase the efficiency of PCBA production. 
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Abstract 

This research developed a systematic set of patent circumvention, regeneration, 

and enhancement methods, which include the six stages of: 1) Patent identification; 2) 

Patent analysis; 3) Patent circumvention; 4) Patent regeneration; 5) Patent enhancement; 

and 6) Patent infringement comparison judgment. In this paper, we focus on patent 

circumvention and regeneration using enhanced TRIZ tools such as patent function 

analysis, Effect/Resource Database, and product-effect-function-value hierarchy to 

circumvent a patent and possibly regenerate some patentable ideas from an existing 

patent. Seven elements of any function, in particular feature functions and main 

functions, of a patent are used as fundamental handles for patent circumvention and 

regeneration. 

The contribution of this work includes: (1) Identifying 7 fundamental elements of 

patent functions as the object for substitution, addition, subtraction, division and 

integration toward TRIZ problem solving for patent circumvention, regeneration, and 

enhancements; (2) Developing product-effect-function-value hierarchy for patent 

regeneration; (3) Establishing a set of standard forms, descriptions, and examples to 

facilitate systematic usage. 

 
Keywords: TRIZ, Systematic Innovation, Patent Regeneration, Patent Circumvention, 

Patent enhancement, six elements of the patent function, Effect/Resource Database. 

 

1. Introduction 

1.1 Research background 
In the process of globalization, relying on intellectual property protection to 

occupy the market and hold the market is a significant way to outstand the global 

competition. When a country can occupy more intellectual property rights, it usually 

represents that the country has strong power. These intellectual property rights are used 

to carry out global patent distribution or to earn more patent licensing fees. Figure 1 
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shows that the Science and Technology Policy Research and Information Center (2014) 

has compiled the income and expenses of Taiwanese companies' overseas patent and 

trademark licensing fees in recent years. In 2013, the expenditure on overseas IP fees 

reached $3.834 billion. This is equivalent to NT$115 billion, which also shows that 

Taiwan have spent a lot on IP fees recently. Taiwan’s technical ratio 

(income/expenditure) in 2013 was about 0.27, showing IP’s deficit in Taiwan is very 

serious. Among the intellectual property categories, “patents” are the most valued by 

enterprises (Darzen Chen and Muhsuan Huang, 2009). Patents play important roles, the 

organization can lose hundreds of millions NT dollars due to a failure to patent litigation. 

Therefore, Taiwan needs to develop patent-related technologies to decrease the current 

trade deficit and avoid to pay large compensation for other countries for patent 

infringement. 

Figure 1. The income and expenditure chart of Taiwan’s IP fee 
As can be seen from Figure 1, in recent years, Taiwan have paid more than NT$100 

billion to other countries for IP fees, and income account for only a quarter of e 

expenditure. Therefore, patent infringement can easily happen. In order to avoid patent 

infringement, a large amount of compensation should be paid, and a patent 

circumvention should be applied to avoid infringement that cause great amount of lost. 

Currently, most of patent circumvention are applied to avoid laws and texts descriptions. 

Avoiding licensing fee or infringement is a relatively passive way. If the patent can be 

avoided directly from the technical aspects, the patent can not only be easily to 

circumvent but also have opportunities to obtain new patents. This is a more active way 

to acquire the value from others or their own patents, and shifting from patent spending 

points to patent revenue points. 

1.2 Research motivation 

Currently, most of patent circumvention are applied to avoid laws and texts 

descriptions. Avoiding licensing fee or infringement is a relatively passive way, and it 

led to the organization hard to generate more innovative patent ideas。If people hope 

to create more new patents by other people's patents, they can solve problems from the 
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patent independent claims. However, TRIZ offers a systematic way to guide the 

innovation process. The solution obtained by TRIZ can not only circumvent original 

patent’s independent claims, but also generate new patents. This paper has integrated a 

process that can use the specific tool as Effect/Resource Database and Trends to carry 

out the complete process of patent circumvention and regeneration in order to come up 

with more innovative solutions. The process can also be accomplished by following the 

systematic forms. 

2. Literature review 

2.1 Patent circumvention 

To avoid infringement to patent’s independent claims, patent circumvention can 

become an important matter. Today, many products or technologies need to utilize 

somebody’s techniques from patented. Circumventing patents can make the usage of 

patent legally and save a large amount of patent licensing fees and successfully develop 

new products. Therefore, patent circumvention is a kind of continuous innovation and 

design activities, taking imitation as the starting point to avoid infringement of the 

results created by the scope of patent independence of others (Wenyi Huang, 2002) The 

patent avoider can eventually create innovative products or technologies similar to the 

target patents without infringing others’ patent rights. D. D. Sheu (2016) summarized 

the main methods of patent circumvention in two categories : the circumvention inlaws 

and words to avoid paying fees or being accused, and, a more active method that is the 

circumvention from the technical aspects of patent independent claims. It can not only 

directly evade litigation, but also provide opportunities to generate a new patent. 

Mingsheng Liu and others (2014) used 40 invention principles and 76 standard 

solutions in TRIZ to integrate existing egg beaters and springs for product innovation 

with patent circumvention. Zihui Wang (2013) introduced the tools in TRIZ with using 

process trimming, the scientific effect database, and the 40 invention principle. She 

provided a patent group circumvention process from technical aspect through the 

systematic “function-component-attribute” thought to re-solve or avoid-redesign.2014) 

Combining patent avoidance with QFD and using TRIZ as a solution concept, try to 

develop a new product patent avoidance design process. Tongyi Shi (2014) combined 

patent circumvention and QFD with TRIZ concepts, developed a process of patent 

design circumvention. 

2.2 Patent enhancement 

D. D. Sheu (2016) said that patent enhancement is based on the existing target 

patents. In consideration of all possible enhancements and circumvention methods in 

the current patent, if the existing patents can be enhanced by adding some 

functions/values/components. Patent enhancement has two main purposes: (1) to 
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strengthen its own patents to avoid circumventions or surroundings by others (2) to 

strengthen others’ patents and enclose the target patents to seek for patent interactive 

authorization. Patent enhancement is a way to support patent circumvention and expand 

core patents. It can be regarded as a more in-depth and indirect patent circumvention 

method and has the opportunity to generate new patents to form patent barriers to 

prevent others from patent circumvention and surroundings. In recent years, research 

related to patent enhancement are Wang Xiuru (2014) integrated TRIZ method, 

combing the engineering trends and topologies analysis in TRIZ tools with SCAMPER. 

Through case studies, she found quite a number of conceptual solutions that can be used 

as patent enhancements, and draws the functional analysis matrix, and fills the obtained 

concept solutions into the corresponding position to analyze the current status of the 

patent deployment. 

2.3 Patent regeneration 

D. D. Sheu (2016) said that patent regeneration is to abandon the original patent 

content, retain only the main/feature value from functions of the patent system. Change 

it to use different working principles and different functions to solve the problem. 

Because only the main/feature values are retained, the solution obtained through patent 

regeneration is often different from the original patent. It is viewed as a more active 

patent circumvention method. Xinhua Wu (2015) uses the concept of value-based 

thinking with that “value” is the purpose of system existence. If different functions or 

different effects can be used to achieve the same value, then it can produce a new system 

based on the original system. Through the systematic form and scientific effect database, 

the concept of value-based hierarchical problem solving method can apply to the patent 

regeneration method. 

2.4 TRIZ 

TRIZ (Teoriya Resheniya Izobreatatelskikh Zadatch) is a theory founded by 

Genrich Altshuller from 1946 to 1948 with collection and research of about 200,000 

patents. His team has compiled about 40,000 of the most representative innovative 

invention designs as an answer, produced the innovative problems solving theory in 

order to solve the problem by a disciplined procedure and thinking. It has been named 

as "Theory of Inventive Problem Solving". 

Function Analysis (FA) disassembles components in the system, identifies the 

correlation of each component, simplifies the association of basic systems and functions 

with complex systems, and establishes a functional model. Mann (2002) also proposed 

Function Attribute Analysis (FAA), which considers that conflicts between attributes 

and attributes, or between components and attributes in the system, so functional 

attribute analysis. Thus, the attributes are added for consideration. 
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The scientific effect database provides the users with: (1) more efficient functions 

than the current system; and (2) improving the attribute conveyance status of a certain 

part of the system; (3) How to accurately find out the solution that similar problem has 

been solved by this solution. This paper uses the Oxford Creativity online database 

(http://www.triz.co.uk/) to find valid effects by input of specific general function or 

attributes. 

The Trend is an innovative tool for exploring the system's future trends. It is 

viewed as a tool for predicting system development and solving problems. It suggest 

users the way move from one stage to the next or more stages. The purpose is to make 

the system evolving towards idealization. It gives the opportunity to the user to become 

a leader in the future market. Zongxing Lu (2012) integrated the Trend theory proposed 

by Gen3 and Darrell Mann and establish a more complete one including 52 

technological evolution trends. 

3. Research method 

3.1 Concepts of patent technology approach 

In the concept of "function" in TRIZ Theory, the physical system is regarded as 

an approach to solve the problem, but not the purpose of solving the problem. Therefore, 

the "function" is the primary consideration of TRIZ Theory which minimize physical 

systems and components to solve problems. This paper proposes a value-based concept. 

"Value" is the purpose of the system. If people can use different functions or use 

different effects to get the same value (eg.: “Clean clothes”. If clothes can resist dirt, it 

will never be dirty. Then, a new system can be produced based on the original value. In 

addition, the same function can be achieved by using the different principles or effects. 

(eg.: “Water cleaning” -> “chemical cleaning or gas cleaning”), or use different 

components to complete the same principle. (eg.: Water carries detergent => Vapor or 

other liquid carrying detergent). Therefore, the value can be solved in different levels 

(1) Value (2) Function (3) Effect (4) Component. If the problem can be solved at a 

higher level, its innovation is often stronger. 

Based on the functional level of the value-function-component, the relationship 

between the component, the receiver, the function and the value are identified, and 

whether the system can be modified or reorganized by replacing or trimming. This 

paper has provided three kinds of patent regeneration as Table1.The value is the highest 

purpose of the system. If the value can be achieved, the original function is not needed, 

or the alternative function is used to achieve the value. This is the concept of 

hierarchical problem solving based on value. 
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Table 1. Hierarchical problem solving based on value 
Level of 
function 

Action object Replace Trim 
Regeneration 

mode 
Method 

0 Value     

 
1 

 
Main Function 

 


 


 
1 

Replace primary/feature 

functions 
 

2 
 

Action Principle 
 


 
 2 

Change the working 

principle 
 

3-A 
 

Receiver 
 


 


 
3(A) 

Replace the main tool: 

self-service 
 

3-B 
 

Super Component 
 


 


 
3(B) 

Replace the main tool: 

supersystem components 

For the case of a washing machine, the receiver of the washing machine system is clothes. 

The function provider is a foam liquid produced by water and detergent. The main function is 

to absorb particles (dirt and dust) on the clothes to separate them from clothes, and the value is 

to make cloth clean, as shown in Figure 2. 

 
 
 
 

Figure 2. FA of washing machine 

If the value of the clean clothes can be achieved in other ways, the answer to the 

regeneration mode 1 can be obtained, for example, using the charge that can repel the particles 

attached to the clothes, that is, the clothes are charged by the electric charge provided by the 

washing machine system, so that the clothes themselves The fiber and the particle get the same 

charge (both positively charged or negatively charged) to cause the particles and the clothes to 

repel each other, causing the particles to separate from the clothes to achieve a clean clothes 

value as shown in Figure 3. The source of the charge can be found inside the washing machine 

system or obtained by external components, and the washing machine system capable of 

providing a power supply device for removing the electric charge of the particles on the clothes 

is completely constructed, that is, the solution has generated based on the regeneration mode 1. 

 

Figure 3. A solution to patent regeneration mode 1 
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The receiver of washing machine is clothes, and the function provider is a foam liquid 

produced by water and detergent, and the main function is to adsorb particles (dirt and dust) on 

the clothes to separate them from the clothes. The original action principle is chemical effect, 

and the value is clean clothes. If we can use other action principles to achieve the value of the 

clothes, we can get the answer to the regeneration mode 2, for example, the function is cleaning 

by the foam (chemical) with water and detergent. In the system, the particles on the attached 

clothes can be sucked away (physical) in a way of airflow (vacuum) to achieve the function of 

adsorption, and the value can be accomplished, and the solution generated by the regeneration 

mode 2 is obtained. As Figure 4 shows. 

 
Figure 4. A solution to patent regeneration mode 2 

There are two ways to replace the main tool: by self-service or by supersystem 

components. In washing machine system, if you can keep your clothes clean by the 

cloth itself, you don't need the original function provider (the foam with water and 

detergent) to achieve system value (clean clothes). For example, design a garment that 

does not absorb dirty particles (such as nano material), you can self-achieve the value 

of making the clothes clean, and the solution generated by the regeneration mode 3 A 

is shown in Figure 5. 

Figure 5. A solution to patent regeneration mode 3A 

If the components outside of the system can replace the cleaning function performed by 
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the original function provider (the foam of the water and the detergent), the system value can 

be achieved without the need for the original feature provider. For example, the original foam- 

adsorbing particles are used to clean clothes. Now, other chemicals (super system components) 

are used to adsorb particles to clean clothes, or instead of using a washing machine, changing 

to a wooden board to clean clothes can achieve a clean value and become a solution. The 

solution generated by mode 3B is shown in Figure6. 

 
 
 
 
 
 
 
 
 
 
 

Figure 6. A solution to patent regeneration mode 3B 

In this paper, the action objects of patent circumvention, regeneration and enhancement 

are the six elements of the patent function. (main and feature functions), and the six elements 

are functions, receivers, action principles, values, tools, attributes. The main function is the 

function designed to operate the system, and the feature function is the function that make the 

patent different from others. The TRIZ tools can help the user think in a systematic way, and 

follow the step to come up with the solutions of patent circumvention, regeneration and 

enhancement. Figure 7 shows the six elements under a patent function analysis diagram. 

The main function is the main function of the system operation. The main function in a 

system may be only one or more than two. For example, the main function of an electric fan is 

to rotate the air to form a airflow and make people feel cool; the feature function is a function 

that the system can achieve and be different from others while maintaining the main function 

operation. There may be only one feature function in one system. Or more than two. For 

example, in addition to the main function of turning the air to form airflow and making people 

feel cool, the portable electric fan has the features of convenient to accommodate and assembly. 

 

 

Figure 7. Patent’s function analysis 
• Function: The function that this system/component can achieve. 
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• Value: The value that the main/feature function can achieve. 

• Tools: Components or systems that provide functionality, as well as the patented 

system. 

• Object (Receiver): A receiver or subject that accepts this function. 

• Action Principle: How it works. (equivalent to the effect of TRIZ) 

• Attribute: The attribute of the tool, function, or receiver. 

The implementation of the patent circumvention, regeneration and enhancement process 

proposed by this paper is to identify the six elements of the main function of the feature function 

and operate by Substitution / Add / Subtract/Divide (SASD). If the tool of the main/feature 

function is substituted by resources from the receiver or super system component, the scope of 

the patent regeneration; if the resources are from the system components, it is within the scope 

of patent circumvention. After circumvention and regeneration, this study will use the 

Effect/Resource DB, the trimming method, Trends and other related tools to implement patent 

enhancement mode operation. Table2 is the detailed symbol description of SASD, and Figure 

8 is the complete patented technology concept. 

 
Table 2. Symbols of Substitution/ Add/ Subtract/ Divide mode 

 

Modes Details on Operations 
Substitution A + B + C => A + B + D, D ≠C 

Add A + B + C => A + B + C + D (Only for enhancements) 
Subtract A + B + C => A + B 
Divide A + B + C => A + B + C1 +C2 Where C1 ≠C≠ C2 

 
 

Figure 8. Principles of patent technical analysis 
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3.2 Research process 

This paper developed a systematic patent circumvention, regeneration and 

enhancement process, and designs a guided form that allows users to more easily 

identify patent content. First, analyze the target patent, understand the basic 

composition of the target patent, identify the six elements of the patent function, and 

use the effect/resource database and the Trend to solve the problem to come up with 

more innovations, fill up the form to help for going through the problem solving process, 

as Figure 9. This paper’s research process are as following: Patent Identification, Patent 

Analysis, Patent Regeneration, Patent Circumvention, Patent Enhancement, Patent 

Infringement Comparison. 
 

 
Figure 9. Flow chart of patent circumvention, regeneration and enhancement 

Confirm the target subject is the first step of patent searching. The more explicit 

the search subject is set, the more complete the results of patent search. When selecting 

a searching subject, you must first understand the technology in this field and think 

about the keyword words related to the search topic as much as possible. The selection 

of keyword words can be arranged according to the functions, attributes and constraints 

combined with the Mann (2002) searching principle to list the functions/attributes, 

constraints. The keywords are summarized in using the logical operator "AND", and 

the contents of each item are selected and arranged, that is, a “search command” is 

generated, for example, Heating (function) + Pot (component) ) + Increase temperature 
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(attribute) to search for target patents, as Table 3. 

Table 3. Example of patent search 
1A. Feature Function/Attribute 1B. Main Function/Attribute 
{Fill in the feature function(s) provided by 
the system, or the feature attributes 
maintained or changed by this system} 

{Fill in the main function(s) provided by 
the system, or the main attributes 
maintained or changed by this system} 

2.Constraints (to attributes or components) 
{fill in the necessary limitations or conditions to keep the system working.} 
{Example: Take the soda bottle as an example, in order to provide customers with 
beverages to drink, the bottle needs to be used at normal temperature or high temperature, 
and the price has to be cheap. The system-related components are the lid and the bottle. } 
3.Search Commands 

{Use “AND”, “OR” as logical operator to combine the 
function/attribute/constraints/component keywords described above into a search 
command.} 
{ Example: Heat（Function）+Pot (Component)+Increase temperature（Attribute）} 

 
The search results are listed in the patent search form, and a target patent is selected 

in the table. The selected criteria are based on the following three points: (1) selecting 

patents with higher value and greater influence; (2) having more litigations and higher 

prices; (3) patents with more citations have greater influence. Then, the patent abstract 

table is filled in for the target patent, and the content of each patent independent claims 

are analyzed and modeled. The procedures are to mark the content of the patent 

independent item in different colors and symbols according to various characters, to 

identify various vocabulary types, and draw functional attribute analysis diagram 

according to its components, functions and attributes, then, identify the six elements of 

the patent function (function, receiver, action principle, value, tool, attribute) for the 

target patent, by using the results of the analysis. 

The six elements of the patent function of the target patent and TRIZ tools are used 

to help the user to think systematically. Eventually, produce new patents by 

circumvention, regeneration and enhancement. 

3.3 Patent Circumvention 

The main idea of patent circumvention is to circumvent the 

components/functions/attributes within the patent system to legally use the patent, the 

level of innovation is lower. It still using the original action principle of the patent 

system for component/function/attribute circumvention. Figure 10 shows the process 

of component circumvention from tools, and Figure 11 shows the process of component 

circumvention from receiver (target). Through the problem-provoking process of 

component substitution, the designed form is shown as Table 4. The thought-provoking 

question in the form is used to guide the user to think about the conceptual solution to 

component circumvention. 
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Figure 10. Process of component circumvention from tool 

 Description of component circumvention’s (tool) process:

1. Convert current functions to generic functions 

2. Compare the internal resources of the system to perform existing generic 

functions or specific functions to form a conceptual solution (Thought- 

provoking question 1) 

3. Find resources that can satisfy the original generic function from the resource 

database (Resource DB) and the surrounding resources and form a resource 

list. 

4. Compare the resources in the resource list whether they can perform functions 

to form a conceptual solution (3 and 4 form a Thought-provoking question 2) 

5. Ask if you can add additives to the tool to change the tool attributes to 

perform the generic function or specific function to meet the requirement 

(Thought-provoking question 3) 

6. Ask if the tool can be disassembled to form two or more components to 

perform existing specific functions or generic functions to meet the need for 

avoidance (Thought-provoking question 4) 

 
Figure 11. Process of component circumvention from receiver 

 Description of component circumvention’s (receiver/target) process:

1. Ask what useful functions are provided by the receiver? 
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2. Convert current functions to generic functions 

3. Form a conceptual solution to compare whether the internal resources of the 
system can perform current functions (Thought-provoking question 1) 

4. Find resources that can satisfy the original generic function from the resource 
database (Resource DB) and the surrounding resource and form a resource 
list. 

5. Compare the resources in the resource list to perform current functions or its 
generic function and form a conceptual solution (Thought-provoking question 
2) 

6. Ask if you can add additives to the receiver to change the attributes to perform 
the current function or its generic function. (Thought-provoking question 3) 

7. Ask if you can disassemble the receiver to form two or more components to 
perform the current function or its generic function. (Thought-provoking 
question 4) 

Table 4. The thought-provoking form of patent component 

circumvention 
Current 
Function 

{Fill in the current function. The current function can be a feature function, a main 
feature, or any. One table per function} 

Generic 
Function 

{Fill in the generic function of current function} 

Resource DB 
{Fill in resources available in 
resource DB} 

Surrounding 
resources 

{Fill in resources available in 
Surrounding resources library} 

Resources in 
the system 

{ Fill in resources available in the system } 

 
 
Thought- 
provoking 
questions 
(TPQ) 

1. Are there any other resources of the system can provide the tool to perform current 
function? 

2. Are there any resources in surrounding resources/resource DB can provide the tool 
to perform current function or its generic function? 

3. Can you add additives to the receiver to change the attributes to perform the current 
function or its generic function? 

4. Can you disassemble the receiver to form two or more components to perform the 
current function or its generic function? 

Tool/Receiver Operation Idea 
 
 
 
{Fill in the 
tool of 
current 
function} 

 
Substitution 

{By TPQ1&2，think about the component to replace original one 
and fill in the concept solutions, figure or hyperlink is ok if 
needed.} 

Add {By TPQ3，think about the additive to add in original tool and fill in 
the concept solutions, figure or hyperlink is ok if needed.} 

Subtract 
{Can the component be trimmed? Use the trimming rule if necessary. 
Fill in the concept solutions, figure or hyperlink is ok if needed. } 

 
Divide 

{ By TPQ4，think about the way to dissemble the original 
component. Fill in the concept solutions, figure or hyperlink is ok if 
needed.} 

 
{Fill in the 
receiver of 
current 
function} 

 
Substitution 

{By TPQ1&2，think about the component to replace original one 
and fill in the concept solutions, figure or hyperlink is ok if 
needed.} 

Add {By TPQ3，think about the additive to add in original receiver and 
fill in the concept solutions, figure or hyperlink is ok if needed.} 

Subtract {Can the component be trimmed? Use the trimming rule if necessary. 
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  Fill in the concept solutions, figure or hyperlink is ok if needed. } 

 
Divide 

{ By TPQ4，think about the way to dissemble the original 
component. Fill in the concept solutions, figure or hyperlink is ok if 
needed.} 

 

Figure 12 is a solution-solving process for function circumvention. The functional 

circumvention can be designed through the function circumvention thought-provoking 

process. As shown in Table 5, the user can think about the conceptual solution to the 

function circumvention through the thought-provoking question in the form. 
 

Figure 12. Process of function circumvention 

 Description of function circumvention’s process:

1. Identify the value of existing specific function. 

2. Select a new generic function from the Effect/Resources DB that satisfies the 

value of the existing specific function, forming a list of generic functions 

3. Form a conceptual solution by asking whether the generic function in the 

generic function list can satisfy the current value (2 and 3 form a Thought- 

provoking question 1) 

4. Compare the generic function in the generic function list to see if there is a way 

to satisfy the value with the interaction with the specific function to form a 

conceptual solution (Thought-provoking question 2) 

5. Compare the generic function in the generic function list to whether the existing 

specific function can be disassembled into two or more functions to satisfy the 

value and form a conceptual solution (Thought-provoking question 3) 

6. Convert current specific functions to generic functions 

7. Select a new effect from the effect database that satisfies the original generic 

function to form a list of effects 

8. Forming a conceptual solution by comparing the effects in the effect list to 

whether current specific or generic function can be performed by the new effect. 

(7 and 8 form a Thought-provoking question 4) 

9. The effects of the effect list in the effect list can be dismantled to form two or 

more effects to perform current functions (Thought-provoking question 5) 
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Table 5. The thought-provoking form of patent function circumvention 
Function: {Tool + Function + Receiver} Generic Function: {Fill in 

generic function} 
Value: {Fill in value} 

Thought- 
provoking 
questions 
(TPQ) 

1. Can the current function replaced by other function? 
2. Can you add another function to achieve current value? (search the effect DB) 
3. Can the current function disassembled into two or more functions to satisfy the 

value? (search the effect DB) 
4. Can the current function be performed by the new effect? (search the effect DB) 
5. Can the effects of current function be dismantled to form two or more effects? 

(search the effect DB) 
 Idea 
Change 
function 

{Fill in the concept solution from TPQ1, figure or hyperlink is ok if needed.} 

Add other 
function 

{Fill in the concept solution from TPQ2, figure or hyperlink is ok if needed.} 

Dissemble the 
function 

{Fill in the concept solution from TPQ3, figure or hyperlink is ok if needed.} 

Change action 
principle 

{Fill in the concept solution from TPQ4, figure or hyperlink is ok if needed.} 

Dissemble 
action 
principle 

 
{Fill in the concept solution from TPQ5, figure or hyperlink is ok if needed.} 

For the attributes mentioned in the patent document or the part of the six elements 

of the patent function, change the scope or combine those attributes can circumvent the 

original target patent, and the form is shown as Table 6 . 

Table 6. The form of patent attribute circumvention 
 
 
 
Feature 
function 

 Attribute(s)/Constraint(s) Idea 
Tool {Fill in the 

tool} 
{Fill in the 
attribute(s)/constraint(s)} 

{Fill in the concept solution, figure or 
hyperlink is ok if needed.} 

Function {Fill in the 

function} 

{Fill in the 
attribute(s)/constraint(s)} 

{Fill in the concept solution, figure or 
hyperlink is ok if needed.} 

Receiver {Fill in the 

receiver} 

{Fill in the 
attribute(s)/constraint(s)} 

{Fill in the concept solution, figure or 
hyperlink is ok if needed.} 

 
 
 

Main 
function 

 Attribute(s)/Constraint(s) Idea 
Tool {Fill in the 

tool} 
{Fill in the 
attribute(s)/constraint(s)} 

{Fill in the concept solution, figure or 

hyperlink is ok if needed.} 

Function {Fill in the 

function} 

{Fill in the 
attribute(s)/constraint(s)} 

{Fill in the concept solution, figure or 

hyperlink is ok if needed.} 

Receiver {Fill in the 

receiver} 

{Fill in the 
attribute(s)/constraint(s)} 

{Fill in the concept solution, figure or 

hyperlink is ok if needed.} 

 

Attribute(s) on 
patent document 

Attribute(s)/Constraint(s) Idea 
{Fill in the attribute(s)/constraint(s)} {Fill in the concept solution, figure or 

hyperlink is ok if needed.} 
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3.4 Patent Regeneration 

Table 7 shows the definition of symbols for the patent regeneration. This section will 

introduce the patent regeneration mode. 

Table 7. The definition of symbols in patent regeneration 

Symbol definition Symbol definition 

V Value of the system E0 Effect of original function 

T Receiver (Target) En New effect of original or new function 

Xn 
Components in 
supersystem 

F0 Original Function 

R0 
Resource of original 
function 

Fn New Function 

 
Rn 

New provider of original 
or new function 

G0 Original Generic Function 

Gn New Generic Function 

 Effect Database: The Effect Database can show which effect can achieve the generic 

function. (Example: Oxford Creativity, Goldfire)

 Resource Database: The Resource Database can show which resource can achieve 

the generic function. (Example: Oxford Creativity, Goldfire)

 Wide-Supersystem Component Library: A wide supersystem component library that 

contains components within the system and components around the system.

 Narrow-Supersystem Component Library: A narrow library of super system 

components that does not contain components within the system and only contains 

components around the system.

The patent regeneration mode 1 is to replace the main/feature function. The purpose is to 

find new functions and new function providers that are different from the original main /feature 

function to replace the original functions and function providers. The problem-solving process 

of patent regeneration mode is shown in Figure 13. The thought-provoking form is shown in 

Table 8. It lead the user to come up with the concept solutions with the thought-provoking 

questions in the form. 
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Figure 13. Process of patent regeneration mode 1 

 Description of patent regeneration mode 1’s process: 

1. Identify existing specific feature values 

2. Thinking about what new specific function Fi can satisfy the original value 

3. Select generic function from the generic functions list to find a new one that can 
satisfy the original value. 

4. Ask whether the new specific function Fi and the new generic function Gi can 
achieve the original value and form a conceptual solution (Thought-provoking 
question 1) 

5. Convert the new specific function Fi to the new generic function Gi 

6. Select the new effect of the new generic function Gi from the effect knowledge 
database to form a list of effects 

7. Pick the effect in the effect list, ask whether it can satisfy the original value to 
produce conceptual solutions (Thought-provoking question 2) 

8. From the components of the Wide-Supersystem Component Library to identify 
whether there are components that can satisfy the original value and the new 
function/effect, then conceptual solutions are generated (Thought-provoking 
question 3) 

9. Select the new resources for the new generic function Gi from the resource database 
to form a resource list. 

10. Ask if the components of the resource database can provide new function/effect and 
achieve the original value (Thought-provoking question 4) 

11. Introduce the resource attributes to generate a conceptual solution (Thought- 
provoking question 5) 
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Table 8. The thought-provoking form of patent regeneration mode 1 
Mode1: Replace the current (original) function 

Feature/Main 
Value 

{Fill in Feature/Main 
Value} 

Feature/Main 
Function 

{Fill in Feature/Main function} 

Action Principle 
{Fill in action principle} Feature/Main 

Attribute 
{Fill in Feature/Main attribute} 

Tool {Fill in tool} Receiver {Fill in receiver} 
 
 
 
Thought- 
provoking 
questions 
(TPQ) 

1. How the new specific function (Fn) and the new generic function (Gn) replace 
the original function and satisfy the value? 

2. How the new effect (En) produce the new function (Fn) or new generic function 
Gn to satisfy the original value? 

3. How the resource in wide-supersystem produce the new effect (En) and function 
(Fn)? 

4. How the new resource produce the new effect (En) and function (Fn)? 

5. Which attribute of Rn can reach Fn? Can we introduce it to the system? 

New specific 
function: 
{Fill in Fn} 

New generic 
function: 
{Fill in Gn} 

How the Fn and Gn 
replace the original 
function and satisfy 
the value? 

{Fill in the concept solution, figure 

or hyperlink is ok if needed.} 

New effect 
available for 
new generic 
function 

{Fill in En} How En produce Fn or 
Gn to satisfy the 
original value? 

{Fill in the concept solution, figure 

or hyperlink is ok if needed.} 

Components in 
Wide- 
Supersystem 

{Fill in components 
in wide- 
supersystem} 

{Fill in available 
components in wide- 
supersystem} 

How Xn produce En/Fn? 
{Fill in the concept solution, figure 
or hyperlink is ok if needed.} 

Which resources 
in resource DB 
can reach new 
function? 

{ Fill in components 
available in resource 
DB} 

How the components 
produce En/Fn？ 

{Fill in the concept solution, figure 

or hyperlink is ok if needed.} 

Which attribute 
of Rn can reach 
Fn? 

{Fill in the attribute} Can we introduce the 
attribute of Rn? 

{Fill in the concept solution, figure 

or hyperlink is ok if needed.} 

The patent regeneration mode 2 is to change the action principle. The purpose is to find 

out the new working principle different from the original main/feature function to replace the 

action principle of the original main/feature function. The patent regeneration mode 2 process 

is shown in Fig14. The form of patent regenerative mode 2 is shown as Table 9. Users follow 

the thought-provoking form to think about concept solutions of mode 2. 
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Figure 14. Process of patent regeneration mode 2 

 Description of patent regeneration mode 2’s process: 

1. Convert current specific function to generic function. 

2. Select the available new effect for the generic function from the effect database to 
form a list of effects. 

3. Generate a conceptual solution from effect list whether the purpose of original 
function can be satisfied (Thought-provoking question 1) 

4. Pick the component from the wide-supersystem component library to identify whether 
there are components that can satisfy the purpose of original function/new effect, and 
generate a conceptual solution (Thought-provoking question 2) 

5. Select the new resources available for the generic function from the resource database 
to form a resource list. 

6. Ask if the components of the resource database can provide the original function/new 
effect to form a conceptual solution (Thought-provoking question 3) 

7. Introduce the resource attributes to generate a conceptual solution (Thought- 
provoking question 4) 

 

Table 9. The thought-provoking form of patent regeneration mode 2 
Mode 2: Change the action principle 

Feature/Main 
Value 

{Fill in Feature/Main 
Value} 

Feature/Main 
Function 

{Fill in Feature/Main function} 

Action Principle 
{Fill in action principle} Feature/Main 

Attribute 
{Fill in Feature/Main attribute} 

Tool {Fill in tool} Receiver {Fill in receiver} 
Thought- 
provoking 

1. How to achieve F0 by other effect? 

questions 2. How Xn provide En/ F0？ 
(TPQ) 

3. How the components in resource database provide En to reach F0? 

 4. Which attribute of Rn can reach En/F0? Can we introduce it to the system? 
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Current generic 
function:{Fill in 
G0} 

{ Fill in available new 
effects} 

How to achieve 
F0 by other 
effect? 

{Fill in the concept solution, figure 

or hyperlink is ok if needed.} 

Components in 
Wide- 
Supersystem 

{Fill in components in 
wide-supersystem} 

{Fill in 
available 
components in 
wide- 
supersystem} 

How Xn produce En/F0? 
{Fill in the concept solution, figure 
or hyperlink is ok if needed.} 

Which resources 
in resource DB 
can reach new 
effect? 

{ Fill in components 
available in resource DB} 

How the 
components 
produce En to 
reachF0？ 

{Fill in the concept solution, figure 

or hyperlink is ok if needed.} 

Which attribute 
of Rn can reach 
En/F0? 

{Fill in the attribute} Can we 
introduce the 
attribute of Rn 
to En? 

{Fill in the concept solution, figure 

or hyperlink is ok if needed.} 

 

The patent regeneration mode 3A is target (receiver) self-executing, and the purpose is to 

make the receiver self-execute main/feature function. The complete problem solving process of 

patent regeneration mode 3A is shown in Figure 15, through the process, a thought-provoking 

from can be designed as Table 10. The user can follow the thought-provoking questions in the 

form find out the concept solutions. 
 

Figure 15. Process of patent regeneration mode 3A 

 Description of patent regeneration mode 3A’s process: 

1. Identify the action principle of current specific functions (effect of specific function) 

2. What are the attributes of the original effect, which allows the receiver to self-execute that 
form conceptual solutions. (Thought-provoking question 1) 

3. Convert existing specific functions to generic functions. 

4. Select the new effect available for the generic function from the effect database. 



The 2019 International Conference on Systematic Innovation 

July 08-11, 2019, Liverpool, The UK 

224 

 

 

 
 

5. What are the attributes of the new effect of the original specific function, which allows 
the receiver to self-execute the purpose of original functio and form conceptual solutions. 
(Thought-provoking question 2) 

6. Identify current value of the function. 

7. Thinking about what new specific function Fn can satisfy the current value. 

8. Compare the attributes of the new specific function, let the receiver self-execute the new 
specific function and satisfy the value, form conceptual solutions. (Thought-provoking 
question 3) 

9. On the other hand, what are the attributes of the original tool, whether it can be transferred 
to the receiver to self-execute the original function and form conceptual solutions. 
(Thought-provoking question 4) 

 

Table 10. The thought-provoking form of patent regeneration mode 3A 
Mode 3A: Target self-executing 

Feature/Main 
Value 

{Fill in Feature/Main Value} Feature/Main 
Function 

{Fill in Feature/Main function} 

Action 
Principle 

{Fill in action principle} Feature/Main 
Attribute 

{Fill in Feature/Main attribute} 

Tool {Fill in tool} Receiver {Fill in receiver} 
Thought- 
provoking 
questions 
(TPQ) 

1. How can the target achieve F0 by E0? 

2. How can the target achieve F0 by En? 

3. How can the target achieve Fn to satisfy the value? 

4. Which attribute of R0 can reach F0? How to transfer the attribute to the target to 
achieve F0? 

Original effect {Fill in E0} How can the target achieve 
F0 by E0? 

{Fill in the concept solution, figure 

or hyperlink is ok if needed.} 

Original 
Function: 

{Fill in F0} 

{Fill in new effect 
(En) to achieve 
F0} 

How can the target achieve 
F0 by En? 

{Fill in the concept solution, figure 

or hyperlink is ok if needed.} 

Original 
Value: 

{Fill in V} 

{Fill in the Fn 
that satisfy V} 

How can the target achieve 
Fn to satisfy the value? 

{Fill in the concept solution, figure 

or hyperlink is ok if needed.} 

Which 
attribute of R0 
can reach F0? 

{Fill in the 
attribute of F0} 

How to transfer the 
attribute to the target to 
achieve F0? 

{Fill in the concept solution, figure 

or hyperlink is ok if needed.} 

The patent regeneration mode 3B uses the components outside the system to replace the 

original function provider to perform the original main/feature function, and the process of 

patent regeneration mode 3B is shown in Figure 16. A thought-provoking form of patent 

regenerative mode 3B is shown in Table 11. The user can follow the thought-provoking 

questions in the form find out the concept solutions. 
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Figure 16. Process of patent regeneration mode 3B 

 Description of patent regeneration mode 3B’s process: 

1. Identify the original effect of current specific function 

2. Contrast the narrow- supersystem component library whether there is a suitable 
component that can perform the original effect and achieve propose of current function, 
forming conceptual solutions. (Thought-provoking question 1) 

3. Convert existing specific functions to generic functions 

4. Select the resources available for the generic function from the resource database to form 
a resource list. 

5. Compare the resources in the resource list of the resource library whether they can meet 
the requirements of the original effect and satisfy current specific function and form 
conceptual solutions. (Thought-provoking question 2) 

6. Ask the original tool what attributes can satisfy current specific function, and whether the 
component in narrow-supersystem component library provides similar attributes to form 
conceptual solutions. (Thought-provoking question 3) 

 

Table 11. The thought-provoking form of patent regeneration mode 3B 
Mode 3B: Supersystem component 

Feature/Main 
Value 

{Fill in Feature/Main 
Value} 

Feature/Main 
Function 

{Fill in Feature/Main function} 

Action 
Principle 

{Fill in action principle} Feature/Main 
Attribute 

{Fill in Feature/Main attribute} 

Tool {Fill in tool} Receiver {Fill in receiver} 
Thought- 
provoking 
questions 
(TPQ) 

1. How can the component in the system (Xn) produce original effect (E0) to 
achieve (F0)? 

2. How to introduce new component (Rn) to achieve F0/E0? 
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 3. Which attribute of R0 can reach F0? How can component in the system (Xn) 

achieve F0 by the same or similar attribute? 

Components in 
Narrow- 

Supersystem 

{Fill in components in 
narrow-supersystem} 

How can Xn produce 
E0 to achieve F0? 

{Fill in the concept solution, figure 

or hyperlink is ok if needed.} 

Original 
generic 

function:{Fill 
in G0} 

{Fill in the Rn that 
achieve G0 } 

How to introduce Rn 
to achieve F0/E0? 

{Fill in the concept solution, figure 

or hyperlink is ok if needed.} 

Which 
attribute of R0 
can reach F0? 

{Fill in the attribute of 
R0} 

How can Xn 
achieve F0 by the 
same or similar 
attribute? 

{Fill in the concept solution, figure 

or hyperlink is ok if needed.} 

4. Case Study 

4.1Introduction to the case 

The BGA (Ball Grid Array) package is a type of surface-mounting packaging techniques 

to deal with the circuit boards. An array of solder balls formed on the bottom of the package 

substrate as an I/O and joint with a printed circuit board (PCB). A surface mount device 

performs this technology. The BGA package has the following three characteristics: (1) The 

solder balls of the BGA package are arranged in an array under the package substrate, thereby 

greatly increasing the number of I/Os of the device, reducing the size of the package, and saving 

assembly space. (2) BGA array solder ball and substrate contact surface is large and short, 

which is good for heat dissipation. (3) The BGA array solder ball has short pins, shortens the 

signal transmission path, and reduces the lead inductance and resistance. Thus, the performance 

of the circuit can be improved. However, since the BGA need to implant the solder ball into the 

substrate, the solder ball must be melted at a high temperature to bond the solder ball to the 

substrate, and the thermal expansion coefficients of the various materials of the package are 

different, and the structural is geometrically asymmetrical, it is easy to cause the package to 

warp during the heating process. As shown in Figure 17. The solder balls and the pins are hard 

to be connected and cause decreasing of the yield. This is a big problem in the BGA package. 

In this case, the BGA package has the problem of warpage due to the difference in thermal 

expansion coefficient. Therefore, this case identifies the target patent for the problems. 

 

 
Figure 17. BGA Warpage 
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4.2 Patent identification and searching 

This system is a BGA package that reverses its feature function/attribute according to this 

system to prevent the BGA from warping due to the difference in thermal expansion coefficient 

of the upper and lower layers. Therefore, the feature function/attribute of the BGA package is 

to prevent or avoid the warpage during the BGA package process due to the difference in 

thermal expansion coefficient of the upper and lower layers. The main function/attribute of the 

BGA package is to maintain connectivity with the printed circuit board (PCB) so that the 

substrate can maintain good connectivity to the printed circuit board, so the feature 

function/attribute of the BGA package is to maintain the PCB’s connectivity. Constraint are the 

peripheral components of the BGA package are respectively a chip, a metal bonding wire, a 

substrate, and a solder ball. The ideal result is to maintain smoothness of the substrate. BGA 

package patent search table is shown in Table 12. 

Table 12. BGA package patent search table 
1A. Feature Function/Attribute 1B. Main Function/Attribute 
Prevent 
Avoid 
Package 
Warpage 
Note： 

The feature function/attribute of the BGA package is to 
prevent or avoid the warpage of the BGA warpage due to 
the difference in thermal expansion coefficients of the 
upper and lower layers of the material during the BGA 
package process. 

Connectivity 
Note: The main function/attribute of the BGA 
package is to maintain connectivity to the printed 
circuit board (PCB). 

2.Constraints (to attributes or components) 
Chip 
Metal bonding wire 
substrate 
Solder ball 
Smoothness 
Note: The surrounding components of the BGA package are chip, metal bonding wire, substrate and solder ball. 
The desired result is the flatness of the substrate and the contact surface (Smoothness). 
3.Search Commands 
Prevent+ Warpage +Chip 
Prevent+ Warpage + Metal bonding wire 
Prevent+ Warpage + substrate 
Avoid+ Warpage +Chip 
Avoid+ Warpage + Metal bonding wire 
Avoid+ Warpage + substrate 

…… 

The US patent in 1999 has been picked: Method and apparatus for reducing BGA warpage 

caused by encapsulation, which is the target patent for patent circumvention, regeneration and 

enhancement. The patent has cited 11 other patents; it is cited by 24 other patents; with 6 

litigations, the patent has value. 
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From the content of the target patent independent claim, the patent has launched a method 

for manufacturing a semiconductor component, comprising: providing a substrate including 

first and second surfaces; securing a semiconductor chip to the first surface of the substrate; 

coupling a ball grid array (“BGA”) structure to the substrate on the second surface; attaching a 

stabilizing plate to the substrate adjacent the BGA structure; and encapsulating the chip and a 

portion of the substrate adjacent the chip with an encapsulant; wherein attaching the stabilizing 

plate comprises attaching a stabilizing plate providing a strength greater than the strength of the 

protective layer; and wherein said stabilizing plate has a co-efficient of thermal expansion 

greater than the coefficient of thermal expansion of the encapsulant. We marked the words in 

the independent claims with different colors and quotation, and transfer it to a functional 

analysis diagram as Figure 18. 

Figure 18. Functional Analysis diagram (FA) of the target patent 
 

From the functional analysis diagram of the previous section, the six functional elements 

(function, receiver, action principle, values, tool, and attribute) of the target patent are identified 

for subsequent use in patent circumvention, regeneration, and enhancement procedures. From 

the system point of view, the main function of the target patent is that the BGA package system 

can maintain good connectivity with the circuit board in a flat manner, and the value is to 

provide electronic performance with the system operating normally. From the foregoing 

analysis of the functional analysis, the feature function of the target patent is to use the 

stabilizing plate attached to the second surface with a coefficient of thermal expansion greater 

than the thermal expansion coefficient of the encapsulation, and the stabilizing plate can be 

used to offset the force produced by encapsulation during packaging. The value of the feature 

function is to maintain the flatness of the substrate. Figure 19 is a functional analysis diagram 

of the six elements of the main function, Figure 20 is a functional analysis diagram of the six 

elements of the feature function, and Table 13 is table of six elements of main/feature function. 

 

 
Figure 19. Functional Analysis diagram of the main function of the target 

patent 
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Figure 20. Functional Analysis diagram of the feature function of the target 

patent 

 
Table 13. Six elements of main/feature function of BGA case 

Patent name: Method and apparatus for reducing BGA warpage caused by encapsulation 
 Main Function Feature Function 

Function Maintain connectivity in a flat 
manner 

Offset the force (from encapsulant) 

Receiver PCB board Substrate 

Action 

Principle 

Mechanical connection Adhesion and mechanical force 

Value Provide electronic performance Maintain substrate flatness 

Tool BGA packing system Stabilizing plate 

Attribute Flatness on BGA 
CTE: stabilizing plate > encapsulant 
Strength: stabilizing plate > encapsulant 

4.3 Patent circumvention of the BGA case 

Two of the six elements of the components (tool and receiver) of the feature function of 

the target patent are modified by the Substitution / Add / Subtract/Divide (SASD). The 

conceptual solutions from thought-provoking questions and form are shown in Table 14: 

Table 14. The TPQ form of patent component circumvention of BGA 

case 
Current 
Function 

Offset the force from encapsulant 

Generic 
Function 

Hold solid 

Resource DB 
Gel, Mechanical fastener, Needle, 
Adhesive, underfills 

Surrounding 
resources 

PCB board 

Resources in 
the system Semiconductor chip, metal bonding wire, encapsulant, solder ball 

 
 
Thought- 
provoking 
questions 
(TPQ) 

1. Are there any other resources of the system can provide the tool to perform current 
function? 

2. Are there any resources in surrounding resources/resource DB can provide the tool 
to perform current function or its generic function? 

3. Can we add additives to the receiver to change the attributes to perform the current 
function or its generic function? 

4. Can we disassemble the receiver to form two or more components to perform the 
current function or its generic function? 

Tool/Receiver Operation Idea 
Stabilizing 
plate 

Substitution Changing the tool with underfill 
Add N/A 
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Subtract 
Subtract the stabilizing plate. A new encapsulation of the same or 
similar coefficient of thermal expansion with the substrate. 

Divide N/A 

 
Substrate 

Substitution N/A 
Add N/A 

Subtract N/A 
Divide N/A 

 

Using the component circumvention thought-provoking form and has generated two 

concept solutions to the feature function’s tool/ receiver. First, changing the tool with underfill, 

the stabilizing plate next to BGA structure is replaced by an underfill next to the ball arrays of 

BGA structure, and its thermal expansion coefficient must be same or like the thermal 

expansion coefficient of encapsulation. Thus, the upper and lower surfaces are contracted to the 

same extent to avoid warpage. The concept diagram is shown in Figure 21. 

 
 

Figure 21. Concept diagram of replacing stabilizing plate with underfill 
 

Besides, the tool can be deleted (Subtract). A new encapsulation of the same or similar 

thermal expansion coefficient of the substrate is used to protect the semiconductor chip, and 

the original tool stabilizing plate can be deleted. When the BGA structure is packaged, the 

thermal expansion coefficient of the substrate and the encapsulant are the same or similar to 

avoid the warpage. he concept diagram is shown in Figure 22. 

 

 
Figure 22. Concept diagram of subtracting stabilizing plate 

 
One of the six elements of the components (function) of the feature function of the target 

patent are modified by the Substitution / Add / Subtract/Divide (SASD). The conceptual 

solutions from thought-provoking questions and form are shown in Table 15: 
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Table 15. The TPQ form of patent function circumvention of BGA case 
Function: Stabilizing plate offset 
the force from encapsulant on 
substrate 

 
Generic Function: Hold solid 

 
Value: Maintain substrate flatness 

Thought- 
provoking 
questions 
(TPQ) 

1. Can the current function replaced by other function? 
2. Can you add another function to achieve current value? (search the effect DB) 
3. Can the current function disassembled into two or more functions to satisfy the value? 

(search the effect DB) 
4. Can the current function be performed by the new effect? (search the effect DB) 
5. Can the effects of current function be dismantled to form two or more effects? (search 

the effect DB) 
 Idea 

Change function 
The stabilizing plate originally attached to the second surface of the substrate is changed 
to adhere to the first surface of the substrate. CTE: Encapsulant>Stabilizing plate 

Add other 
function N/A 

Dissemble the 
function 

N/A 

Change action 
principle N/A 

Dissemble 
action principle 

N/A 

Using the function circumvention thought-provoking form and has generated one concept 

solution to the feature function, that is, to change the receiver of the function. The stabilizing 

plate originally attached to the second surface of the substrate is changed to adhere to the first 

surface of the substrate, and the stabilizing plate becomes adjacent to the encapsulant and the 

semiconductor chip. Since the encapsulant is adjacent to the stabilizing plate, the stabilizing 

plate must choose the material with a thermal expansion coefficient smaller than that of the 

encapsulant can prevent the warpage of the substrate and stabilize the entire substrate. The 

conceptual diagram is shown in Figure 23. 

 
 

Figure 23. Concept diagram of changing the position of stabilizing plate 
 

Besides, attributes of components, functions or description in target patent’s document are 

modified by the changing the scope of constraints or changing the combination of attributes to 

circumvent the target patent. The conceptual solutions from thought-provoking questions and 

form are shown in Table 16: 
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Table 16. The TPQ form of patent attribute circumvention of BGA case 
 
 

 
Feature 
function 

 Attribute(s)/Constraint(s) Idea 
Tool  

 
Stabilizing plate 

CTE: stabilizing plate > 
encapsulant 
Strength: stabilizing 
plate > encapsulant 

The stabilizing plate originally 
attached to the second surface of the 
substrate is changed to adhere to the 
first surface of the substrate. CTE: 
Encapsulant>Stabilizing plate 

Function Offset the force 
from encapsulant 

N/A N/A 

Receiver Substrate N/A N/A 
 

 
Main 
function 

 Attribute(s)/Constraint(s) Idea 
Tool BGA packing 

system 
Flatness of BGA N/A 

Function Maintain 
connectivity in a 
flat manner 

 
N/A 

 
N/A 

Receiver PCB board N/A N/A 
Attribute(s) on 
patent document 

Attribute(s)/Constraint(s) Idea 
N/A N/A 

4.4 Patent regeneration of the BGA case 

To deal with patent regeneration mode 1 of the BGA case, we put the six elements of 

feature function into the thought-provoking form of patent model 1. Table 17 shows conceptual 

solutions to the patent regeneration mode1. 

Table 17. The TPQ form of patent regeneration mode 1 of BGA case 
Mode1: Replace the current (original) function 

Feature Value 
Maintain substrate 
flatness 

Feature 
Function 

Offset the force 

Action Principle 
Adhesion and 
mechanical force 

Feature 
Attribute 

CTE: stabilizing plate > encapsulant 
Strength: stabilizing plate > encapsulant 

Tool Stabilizing plate Receiver Substrate 
 
 

Thought- 
provoking 
questions 
(TPQ) 

1. How the new specific function (Fn) and the new generic function (Gn) replace the 
original function and satisfy the value? 

2. How the new effect (En) produce the new function (Fn) or new generic function Gn to 
satisfy the original value? 

3. How the resource in wide-supersystem produce the new effect (En) and function (Fn)? 

4. How the new resource produce the new effect (En) and function (Fn)? 

5. Which attribute of Rn can reach Fn? Can we introduce it to the system? 

 
New specific 
function: 
F1= Keep the 
substrate stable 
F2= Anti-bending 

 

New generic 
function: 
G1=Hold Solid 
G2=Bend Solid 

How the Fn and Gn 
replace the original 
function and satisfy 
the value? 

• Add some adhesives with a small CTE to 
the encapsulant, which is similar to the 
CTE of the substrate. 

• The bottom of the substrate is evacuated by 
an anvil and contracted by cooling to 
obtain a reversely curved shape in advance. 

New effect 
available for new 

E1= Thermal 
expansion 

How En produce Fn 
or Gn to satisfy the 

N/A 
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generic function E2=Gravity 

E3= Magnetic 
field 

original value?  

Components in 
Wide- 
Supersystem 

Xn: 
Substrate, 
encapsulant, 
stabilizing 
board, solder 
ball... 

Xn: Substrate 
How Xn produce En/Fn? 

• Change the material of the substrate to 
have a CTE similar to that of the 
encapsulant. 

Which resources 
in resource DB 
can reach new 
function? 

Rn: 
Gel, Adhesive 

How the components 
produce En/Fn？ 

• Use a gel that is similar in CTE to the 
substrate as the encapsulant. 

Which attribute of 
Rn can reach Fn? 

Reduce/adjust 
CTE 

Can we introduce the 
attribute of Rn? 

N/A 
 

By using the thought-provoking form (feature function) of patent regeneration mode 1, 

four concept solutions were obtained. First, some adhesives with a small coefficient of thermal 

expansion can be added to the encapsulant to make them have a thermal expansion coefficient 

similar to that of the substrate. During the package process, the thermal expansion coefficient 

of the upper and lower layers is similar to keep the substrate stable and prevent warpage. 

Thinking about the system/surrounding resource library’s components, we can change the 

material of the encapsulant, and use a gel with the same thermal expansion coefficient as the 

encapsulant to protect the IC chip, or change the material of the substrate to make the thermal 

expansion coefficient similar to that of the encapsulant. 

On the other hand, the bottom of the substrate can be evacuated by an anvil and then cooled 

and contracted, so that it can be reversely curved in advance. Next, the sealant is added to the 

semiconductor chip and waits for cooling, and finally the air is slowly released, and the 

substrate is cooled and shrunk to restore the original appearance. The conceptual diagram is 

shown in Figure 24. 
 

 
Figure 24. Concept diagram of using anvil to vacuum in advance 

 
To deal with patent regeneration mode 2 of the BGA case, we put the six elements of 

feature function into the thought-provoking form of patent model 2. Table 18 shows conceptual 

solutions to the patent regeneration mode 2. 
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Table 18. The TPQ form of patent regeneration mode 2 of BGA case 
Mode 2: Change the action principle 

Feature Value 
Maintain substrate 
flatness 

Feature 
Function 

Offset the force 

Action Principle 
Adhesion and 
mechanical force 

Feature 
Attribute 

CTE: stabilizing plate > encapsulant 
Strength: stabilizing plate > encapsulant 

Tool Stabilizing plate Receiver Substrate 
Thought- 
provoking 

1. How to achieve F0 by other effect? 

questions 2. How Xn provide En/ F0？ 
(TPQ) 

3. How the components in resource database provide En to reach F0? 

 4. Which attribute of Rn can reach En/F0? Can we introduce it to the system? 

Current generic 
function: Hold 
Solid 

E1= 
Thermal 
expansion 

How to achieve 
F0 by other effect? 

• Apply a film with a large thermal expansion 
coefficient and strong shrinkage force on the 
opposite substrate side of the encapsulant. 
When cooling, the shrinkage force of the 
adhesive film offset the encapsulant force. 

Components in 
Wide- 
Supersystem 

Xn: 
Substrate, 
encapsulant 
, stabilizing 
board, 
solder 
ball... 

Xn: Substrate How does the substrate provide thermal expansion? 

• Select a material with a larger coefficient of 
thermal expansion than the encapsulant as the 
substrate. When cooling, the shrinkage force of 
the adhesive film offset the encapsulant force. 

Which resources Rn: How the N/A 
in resource DB Gel, components  

can reach new adhesive, produce En to  

effect? film... reachF0？  

Which attribute of 
Rn can reach 
En/F0? 

adjustable 
CTE 

Can we introduce 
the attribute of Rn 
to En? 

N/A 

To deal with patent regeneration mode 3A of the BGA case, we put the six elements of 

feature function into the thought-provoking form of patent model 3A. Table 19 shows 

conceptual solutions to the patent regeneration mode 3A. 

Table 19. The TPQ form of patent regeneration mode 3A of BGA case 
Mode 3A: Target self-executing 

Feature Value 
Maintain substrate 
flatness 

Feature 
Function 

Offset the force 

Action Principle 
Adhesion and 
mechanical force 

Feature 
Attribute 

CTE: stabilizing plate > encapsulant 
Strength: stabilizing plate > encapsulant 

Tool Stabilizing plate Receiver Substrate 
Thought- 
provoking 
questions 
(TPQ) 

1. How can the target achieve F0 by E0? 

2. How can the target achieve F0 by En? 

3. How can the target achieve Fn to satisfy the value? 

4. Which attribute of R0 can reach F0? How to transfer the attribute to the target to 
achieve F0? 
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Original effect E0 = Adhesion 

and mechanical 
force 

How can the target 
achieve F0 by E0? 

• When the encapsulant is coated, the 
substrate is pressed into a slight reverse 
warp beforehand, and it returns to a flat 
state when cooled and contracted. 

Original 
Function: 
Offset the force 

E1=mechanical 
force 
E2=tension 

How can the target 
achieve F0 by En? 

• If the substrate has a strong 
tensile/mechanical force, it can resist the 
warping force. 

Original Value: 
Maintain 
substrate 
flatness 

F1=flattening 
F2=Resilience 

How can the target 
achieve Fn to 
satisfy the value? 

N/A 

Which attribute 
of stabilizing 

plate can reach 
F0? 

Bigger strength 
Bigger CTE 

How to transfer the 
attribute to the 
target to achieve 
F0? 

• Use a substrate with a high tensile strength 
and a coefficient of thermal expansion 
similar to that of the encapsulant. 

 

Among the solutions, if the substrate can have strong tensile/mechanical force, it can resist 

the warping force. The following methods can make the substrate has stronger 

tensile/mechanical force: (1) Use the substrate with strong mechanical force (2) Thicker 

substrate (3) Double-layer substrate, wherein the double-layer substrate uses a progressive 

material to distinguish different materials upside and downside the substrate, wherein the 

thermal expansion coefficient of the underlying material is higher than that of the upper material. 

The phenomenon of warping can be self-inhibited due to the influence to the upper material is 

smaller, and the conceptual diagram is shown in Fig 25. 

 

 
Figure 25. Concept diagram of double-layered substrate 

 
To deal with patent regeneration mode 3B of the BGA case, we put the six elements of 

feature function into the thought-provoking form of patent model 3B. Table 20 shows 

conceptual solutions to the patent regeneration mode 3B. 

Table 20. The TPQ form of patent regeneration mode 3B of BGA case 
Mode 3B: Supersystem component 

Feature Value 
Maintain 
substrate flatness 

Feature 
Function 

Offset the force 

Action Principle 
Adhesion and 
mechanical force 

Feature 
Attribute 

CTE: stabilizing plate > encapsulant 
Strength: stabilizing plate > encapsulant 
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Tool Stabilizing plate Receiver Substrate 
Thought- 
provoking 
questions 
(TPQ) 

1. How can the component in the system (Xn) produce original effect (E0) to achieve 
(F0)? 

2. How to introduce new component (Rn) to achieve F0/E0? 

3. Which attribute of R0 can reach F0? How can component in the system (Xn) achieve 
F0 by the same or similar attribute? 

Components in 
Narrow- 

Supersystem 

Xn: 
 
Circuit 
board, tin 
pad, nozzle, 
machine, 
clamp... 

How can Xn produce 
E0 to achieve F0? 

• Pinch the substrate with the clamp during 
cooling to reduce warpage. 

• The substrate is pre-packaged onto the board, 
and then the encapsulant and the chip are 
packaged onto the substrate, and the board's 
warpage is suppressed by the large CTE of the 
board. 

Original generic 
function: Hold 

solid 

Rn: 
Mechanical 
frame 

How to introduce Rn 
to achieve F0/E0? 

• Frame the substrate with a mechanical frame. 

Which attribute 
of R0 can reach 

F0? 

Bigger 
strength 
Bigger CTE 

How can Xn achieve 
F0 by the same or 
similar attribute? 

N/A 

 

 

5. Conclusion 
 

This paper proposes a set of patent circumvention and regeneration methods for the target 

patent. The process combines the effect/ resource database and trend of TRIZ. Through the 

results of the case in this paper, not only the feasibility of the problem-solving process in each 

stage can be verified, but the concept solution also successfully achieves the purpose of patent 

circumvention and regeneration. The paper proves that this process can effectively solve the 

problem and creat new patents. The main contributions are as follows: 

 
1. In this study, the operation mode of substitution/add/subtract/divide from the 

components and six function elements stimulate thought-provoking questions and systematic 

thinking techniques. Eventually, the user can achieve the goal of patent circumvention can 

obtain valuable patents. 

 
2. This study provides detailed descriptions of the patent circumvention and regeneration 

techniques and standard forms. Through the case study of the target patent, assisting the user to 

easily understand and operate the patent circumvention and regeneration process, and 

systematically generate one or several new patents and circumvent target patents. 
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Abstract 
 

Unlike traditional creative rules or logical thinking, the paper presents the creative 

application of OH card games. It uses the subconscious mind to expand creativity or 

thinking. In the field of psychological applications, the emergence of card games is 

mainly focused on consulting technology. Especially when personal thinking is limited 

and difficult, the proposed card game is more like psychological expansion and 

emotional release. The card cannot provide answers directly to the user. But in the 

question and answer mode, the card will display metaphorical information about the 

problem. In psychological counseling, cards have the added advantage of breaking 

through psychological impedance and establishing relationships. Ingeniously, 

according to Jung's Synchronicity theory, this card game can be metaphorically applied 

to general or technical issues. Even complex problem projections produce metaphors 

similar to mathematical model transformations or simplifications. Therefore, the three 

basic steps to produce creativity or to solve thinking difficulties are divided into: (1) 

mirror image representation of the problem, (2) metaphorical connection or extension 

of the problem, and (3) integration and answer. In the subjective experience and 

awareness of the game, this fun way of playing makes creative thinking very simple. 

At the same time, group games are very affinitive and can use teamwork to find 

solutions to organizational and cultural issues. This paper will empirically introduce the 

research process and results through Interview method. 

 
Keywords: creativity, metaphor, OH card, subconscious projection, synchronicity 

theory 

 
Introduction 

The author is a university teacher. The advantages and creativity of OH cards were 

discovered during the teaching and psychological counseling process. In the course, 

college students often need to write a report. Their reports may be limited by writing 

skills, knowledge and observational experience, and the results reported by ordinary 

students are not ideal. In addition, tutors often need psychological counseling or 

listening to the details of student life. Even with the hard work of the author, dogma 
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teaching and the generation gap between teachers and students have not won the respect 

of students. After using the OH card, the student's enthusiastic response to the author 

exceeded expectations. At the same time, the author observed that the writing angle of 

the student report is also wider than before. This article not only involves psychological 

counseling but mainly wants to observe its dimension in creative performance. 

The OH card is a special kind of playing card that was originally used as a tool for 

storytelling, counseling and psychotherapy tools, and enhanced communication. 

Currently, they are commonly used in the psychotherapy environment and as an 

assistant in various educational settings. There are no formal picture interpretations of 

OH cards. Usually, these pictures are small paintings created by various artists for this 

purpose, so they are also used as catalysts in the field of art: writing, painting, drama, 

and even dance (Bourgeois, 2000). 

The OH card was developed by German Moritz Egetmeyer and Mexican-born 

artist Ely Raman (Gorobchenko & Evmenchik, 2011). There are 176 cards, of which 

there are two decks of cards, each deck has 88 cards, one deck card belongs to the text 

card, and the other deck card is the picture card. The picture card covers watercolors in 

all aspects of our lives. Text cards can be used as the background for these watercolor 

patterns. When you select any picture card to put in any text card, there will be 7744 

different combinations. 

From a creative point of view, the combination of different picture cards and text 

cards can motivate us to use metaphor techniques to generate creativity and imagination. 

It promotes our perception, enhances our self-awareness, and approaches our 

subconscious mind. We can also use OH cards to discover, understand and train our 

listening and comprehension skills, avoiding critical or competitive thinking. At the 

same time, we can exchange feelings and ideas with the help of OH cards. It can find 

blind spots of thinking in our own minds. Find real problems and solutions through 

unique communication methods. 

We try to apply OH cards to introduce the effectiveness of creativity. Since the 

OH card itself has no fixed explanation, it is very suitable for creative development. 

This is the main reason why we use cards as creative development. We hope to stimulate 

the brain's focus, link, expansion and combination skills in playing cards. The creativity 

proposed in this paper comes from the subconscious projection technology presented 

by the card, which is very different from the general vertical logical thinking. 

Literature Review 

Through clinical experience, Freud introduced the concept of sub-consciousness, a kind 

of information hidden in the individual's heart that he could not detect (Chen Xiaomei, 

2009). He believes that most people's behavior is dominated by the subconscious. Then, 

the prototype of Jung's discussion is the main content of the collective subconscious, 
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deeply buried in our consciousness. Prototypes need to be "projected" into the 

experience of human life. Subconscious projection requires a specific imaging tool 

called a symbol. Humans use metaphors to interpret them and analyze them to describe 

these symbols, and finally form the information revealed by the subconscious (Chang, 

Chia-Chen, et al., 2016). In the field of psychology, symbols are considered to have the 

potential to transform and heal because they transcend the notion of linguistic 

expression, classification, and understanding (Huang Zongjian, 2005). 
 
 
 
 
 
 
 
 
 
 
 

 

 
Figure 1. Subconscious projection model 

 
As shown in Figure 1, the back-end system has two important concepts when it is 

necessary to "correctly" express subliminal information. The first concept is the 

"synchronization" proposed by the analytical psychologist Carl Jung (1967). He 

believes that when two or more events "occur" at the same time, they have special 

meaning. Two events with no causal relationship can be meaningfully related to each 

other, and they are “meaningful coincidences”. Therefore, Jung defines synchronicity 

as “non-causal principle”, “meaningful coincidence” and “non-causal parallelism” 

(Jung, 1967). Another bridge tool is a metaphor. Through these subconscious 

explorations, individuals gain another opportunity to interpret the prototype and 

examine the tendency to consciousness. We rely on simple and familiar metaphors to 

understand complex and distant things and to inspire creativity and lateral thinking 

related to problems. When you see different symbolic metaphors, you may have 

different associations. This phenomenon can help us analyze the subconscious world. 

In "Matthew and Memory" (Drenth A.J., 2019), the French philosopher Henry 

Bergson believes that images (or pictures) are at the heart of the philosophical issues of 

thought, matter, and memory. In Jung's theory of mind, images have a similar status. 

Jung believes that the unconscious mind will process images rather than words. 

Therefore, the transfer of images is given to the content of the subconscious projection. 

 
 

Subconscious Symbol Projection Interpretation 

analysis 

Metaphor 
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The cards discussed in this article are one of the most convenient psychological 

projection tools. In the field of psychology or counseling applications, their assessment 

of the use of OH cards is very positive and has achieved good results. It can help the 

subject to vent negative emotions and stimulate the subject's unconscious wisdom, 

creativity, and imagination. Thereby helping the subject to resolve psychological 

conflicts and promote self-harmony of the subjects (Li Yan, 2018, Zhang Jiaxuan et al., 

2016). 

Research Method 

This study will use in-depth interviews to understand the metaphorical analysis of 

cards. We interviewed two cases separately and asked the case to present its own 

creative problems and limitations. Then use the card to "associate" his question. This 

process will form another story. This story will highlight the original question and 

possible answers. 

1. Research design: 

(1) Subjects (or questioners) submit questions and confirm them. Fill in the details 

of the proposed question into a TCCF form (explained later). 

(2) Randomly extract the card and display the picture card and text card. The 

subject himself explains the association of observations with questions. 

(3) The moderator is responsible for analysis and summary. 

Therefore, the research process and procedures are presented in three stages (Figure 2). 
 

 

   

 

Figure 2. Workflow of the research 

2. Research Subject: 

In general, creativity can be simply defined as the act of turning new and 

imaginative ideas into reality. (Naiman, 2019). However, there is no precise and 

consistent view of the concept of creativity (Meusburger, 2009). Therefore, the 

arrangement and design of the respondents in this paper is aimed at the research 

innovation or innovation concept of campus teachers. We arranged two teachers to 

accept the inquiry. In particular, focus on the frustration of their research and ideas. 

One is a management expert who talks about his research and other strategies. The other 

Thinking clarification 

and confirmation 

Interpretation 

and Analysis 
Cards Representation 
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one is talking about his way of learning. In fact, the focus is not on the detailed content 

of the conversation, but on the process of presenting their ideas and the answers that 

may arise. 

3. Research Tools: OH Card, " Thinking clarification and confirmation form " 

(TCCF). 

(1) OH card 

The OH card consists of two decks cards: the "picture cards" and the "text cards" 

separately. We randomly extracted cards to explore five standard questions. 

A. What did you see in the card? 

B. Where is the location of this photo? Who is the character in the picture? 

C. What is the relationship between characters or things in the picture? What is the 

relationship between the picture card and the text card? 

D. Ask the questioner to use the “first person” to tell the personal story and link the 

picture content to the text. 

E. How do these images and text relate to your problem or current situation? How do 

you understand them? 

(2) Thinking clarification and confirmation form (TCCF) 

Use the TCCF form and list the details of the issue. The questioner may not be 

able to describe it completely and clearly. The moderator can assist him in completing 

this process. Whether the problem itself is a factual factor or a psychological factor 

behind it, we all believe that there is always an answer to this question. Ask him to fill 

out the form and explain the problems or limitations he encountered in his thoughts, 

and express and clarify. Finally, hope he can express possible improvement plans or 

answer. The following is what the TCCF form needs to fill in: 

(1) What is the problem? 

(2) Clarify the limitations of this issue. 

(3) Confirm the problem caused by the idea. 

(4) Active improvement plans. 
 
 

The TCCF aims to provide questioners with a more systematic and sensible way 

to discover problems and improvements they can think of. In this study, this table has 

an important task, using TCCF to compare with the OH card solution, allowing the 

questioner to understand and “accept” the subconscious projection. 

4. Information Demonstration 

Case I 
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The first case was to interview the management professional teacher as our subject. 

He is 48 years old and is a very experienced teacher. Due to some setbacks in the past, 

he is very uncertain about his promotion strategy. According to the flow of Figure 3, 

the first phase attempts to understand his academic background and research. Table 1 

lists the details of his problem, clarification, validation, and improvement. Then let him 

randomly extract the card and then display the card content. Ask him to explain step by 

step the meaning of the combination of graphics and text he sees. 

Table 1. Thinking Transformation and Confirmation Table 
 

What is the 

problems? 

Clarify this 

limited idea in 

problems 

Confirm the 

problems 

Active improvement 

plan 

Research journal 

level cannot be 

improved 

Is it a partner? 

R&D 

technology 

improvement? 

Or is this 

direction not 

suitable for 

further 

research? 

Paper has been 

rejected 

1. Looking for partners 

and technology to 

improve situation? 

2. Transfer research 

direction. 

3. The combination of 

research and 

enterprise or 

combine research 

and student fields? 

 

 

Figure 3. Combined OH Card with Words and Pictures 

Case II 

The second case is an associate professor of information expertise. He is 

learning the deep learning of artificial intelligence and is currently plagued by the so- 

called hyper-parameter settings of chatbots in the iterative process of the algorithm. 
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Table 2. Thinking Transformation and Confirmation Table 
 

What is the 

problems? 

Clarify this limited 

idea in problems 

Confirm the 

problems 

Active 

improvement 

plan 

My chatbot is I don't know how to Insufficient Find the 

currently not properly use the training can lead appropriate values 

performing well in deep learning to lower for the deep 

the deep learning training parameters prediction learning training 

paradigm. Chatbot of the chat robot. In accuracy, so the parameters and 

dialogue response the iteration of the chatbot dialogue hope that no 

is still not ideal. algorithm, the is not effective. overfitting will 
 training of hyper-  occur. 
 parameters is not   

 sufficient.   

 
 

 

Figure 4. Combined OH Card with Pictures and Texts 

Results Interpretations 

1. CASE I 

Table3. The Card Interpretation 
 

Deck number Text Card Picture Card 

1 
hesitate thunderstorm, lightning, 

bad weather... 
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2 
change sunrise, wind and 

beautiful scenery... 

3 home hug 

 

The picture of the first card shows "thunderstorm, lightning, bad weather...". The text 

card shows "hesitate". Seeing this deck, the subject's self-interpretation is a difficult 

problem in research strategy. We can think of this as a metaphor for the performance 

of the current situation. 

The picture of the second deck card is expressed as "sunrise, wind and beautiful 

scenery...". The display of the text card is "change". The self-interpretation of the 

subject means that “the research strategy needs to change in order to have a good future”. 

The picture of the third card is expressed as "a hug with students and the academic 

environment...". The display text card is "home". Subject self-interpretation means “the 

research strategy needs to be oriented to the student field”. It can be seen as a projection 

of the psychological transformation of the questioner. 

2. CASE II 

Table4. The Card Interpretation 
 

Deck number Text Card Picture Card 

1 shame accurate measurement 

2 loop three children 

3 blackface pain 

4 BLANK ants 

5 change clown, joy 

 

This question extracted five decks for this issue. The first deck of cards told him 

to "accurately or carefully" deal with the algorithms behind the chatbot from his 

research ability to avoid "shame." 

The understanding of the second deck of cards is surprising, especially the "loop" 

and "three children." The term "loop" described in Table 2 has almost the same meaning 

as "iteration". The three "children" in the picture and the hyper-parameters in deep 

learning also seem to have a special correlation. If the training of deep learning is 

accurate, the hyper-parameters must be set appropriately to get better results. The 

combination of text card and picture card means that the questioner considers the setting 

of hyper-parameters in the iterative algorithm, including the number of layers of the 

neural network, the size of the data added to the training model, and Epoch. 
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The third deck is explained as "blackface and pain", and it seems that the research 

theme is not very pleasant at present. In the fourth deck, the picture card looks like "a 

lot of ants", which is a bit confusing. The subjects also believe that the research 

environment is indeed quite "chaotic". The blank text card here means no comments. 

"Healthy trees" feel that it is actually healthy. The complete understanding of this card 

is "orderly in chaos". The fifth card is the "clown", which is the representative of joy. 

Imply that it needs to be "changed" in order to be successful. 

Conclusions 

This paper establishes two cases in the form of in-depth interviews to verify the 

results of subconscious projection and the possibility of ideological transformation. The 

main contribution of this article is to use cards to provide ideas. This design uses the 

TCCF table to allow the subject to observe the content or process of the problem before 

the card is run. At the same time, according to our case study, it clarifies and 

demonstrates the connotation and limitations of his problem. The role of the card itself 

is the core tool for subconscious projection or "symbols." This card game allows the 

investigator and the subject to collaborate to find an extension or answer to the question. 

More importantly, the random “coincidence” of the pictures and text displayed on the 

playing cards can help the subject break the logic of thinking and the inertia of the 

individual. Let the subject see the problem and possible answers more clearly at 

different angles and at different coordinates. It is recommended that more rigorous 

research methods be found for different quantitative studies in the future, such as pre- 

test and post-test questionnaires for subjects. This can make observation and solution 

interpretation more efficient. 
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Abstract 

Aerated concrete is a lightweight concrete which can be used in roofing, interior 

wall construction, muffler filling and the manufacture of hollow ceramic bricks. 

Thermal and sound insulation properties are its major advantages in these applications. 

Previous studies showed that sound insulation performance in mufflers is closely 

related to the density of the aerated concrete but the industry is lacking precise 

procedures for making aerated concrete with a predetermined density. There are two 

ways of foaming. One method is the mechanical blending of foaming agents (‘profoam’ 

in our case) with water, which normally takes three minutes until the foam is pumped 

out. After that the foam is poured into cement slurry and the mixture is blended again 

for a further three minutes. The foam is then entrapped within the slurry and the slurry 

is expanded. Then the expanded slurry is poured into a mold for further application. 

The other method is the addition of aluminum powder, which reacts with cement in the 

slurry, generating hydrogen which is then entrapped in the slurry, causing the slurry to 

expand. The challenge of the procedure for making a specified density is the foaming 

and mixing. As for mechanical blending, the density of foam is hard to estimate and 

can only be estimated through experimentation, by varying the foaming conditions 

(such as the ratio of foaming agent to water, blending times and even the blending 

equipment used). With regard to the chemical process, the relationship between the 

density of the aerated concrete and the ratio of aluminum powder to cement has yet to 

be investigated. Two recipes for mechanical and chemical foaming are provided. The 

density of the aerated concrete obtained is 0.537 g/cm3 and 0.672 g/cm3, respectively. 

A sustainable mold is designed by invention principle 15, dynamics. 

 
Keywords: Sound insulation, profoam, aluminum powder, density of foam, sustainable mold. 
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1. Introduction 

Aerated concrete is a special concrete made by entrapping air in the concrete. The 

air can be made either by foam which is obtained via mechanical blending the foaming 

agent with water or by hydrogen which is generated via the chemical reaction between 

aluminum powder and cement slurry. Previous studies showed that the density of 

aerated concrete is related with the sound insulation capacity in its application in 

muffler but the industry is lacking precise procedures for making aerated concrete with 

a predetermined density. The challenge of the procedure for making a specified density 

is the foaming and mixing. As for mechanical blending, the density of foam is hard to 

estimate and can only be estimated through experimentation, by varying the foaming 

conditions (such as the ratio of foaming agent to water, blending times and even the 

blending equipment used). With regard to the chemical process, the relationship 

between the density of the aerated concrete and the ratio of aluminum powder to cement 

has yet to be investigated. Even though the authors worked in close collaboration with 

Young-An Mineral Co., Ltd. on the development of green muffler, the Young-An 

Mineral still does not allow us to see the procedure of making aerated concrete. The 

procedure of making aerated concrete is regarded as the top secret in the company. 

Thus it is very hard to monitor the density of aerated concrete from the Young-An 

Mineral. Thus it forces us to take different route to make aerated concrete. With the 

discussion of some experts both in industrial sects and academia, we have come out 

certain ways to make the aerated concrete. The formula we obtained from this study 

will help us to find the optimal combination of the density level of aerated concrete 

(AC) and the percentage of fiber glass to make a muffler with higher performance of 

sound insulation based on the sinusoidal curve from the Anechoic Chamber. 

Furthermore, the AC can also be used as the filling in the hollow ceramic brick to 

enhance its sound insulation which is another project we going on with Tha Ho Shun 

Brick Co., Ltd. In the mean times, we are going to make a short discussion on the 

sustainable mold used in the making of aerated concrete. Initially four molds make of 

wood are used for experiment. When the mixed slurry and foam are mixed and cured 

for two days, the mold has to be torn apart to get the aerated concrete out. Then the 

mold is cleaned and rebuild again, a procedure that is time consuming and labor taking. 

It is another object of this paper to suggest a sustainable mold which allows the mold 

to get out of mold quickly without getting it torn apart so that mold does not need 

rebuilding. A function analysis is performed on the mold design and inventive 

principles are used to solve the contradiction problem. 
 

The rest of the paper is organized as follows: Section 2 provides a literature review 

of the works on aerated concrete and TRIZ inventive principles. Section 3 gives a 

detailed description of the operation procedure in making AC. Section 4 concludes the 

paper. 



The 2019 International Conference on Systematic Innovation 

July 08-11, 2019, Liverpool, The UK 

250 

 

 

 
 

2. Literature review 

The first comprehensive review on aerated concrete was presented by Valore 

(1954). Although aerated concrete was initially envisaged as an insulation material, 

there has been renewed interest on its structural characteristics in view of its lighter 

weight, savings in material and potential for large scale utilization of wastes like 

pulverized fuel ash (Narayanan and Ramamurthy, 2000). Based on the method of pore- 

formation, aerated concrete can be classified into three groups: 1. air-entraining method 

(gas concrete), 2. foaming method (foamed concrete) and 3. combined pore-forming 

method. 

 
In the first group, gas-forming chemicals are mixed into lime or cement mortar 

during the liquid or plastic stage, resulting in a mass of increased volume and when the 

gas escapes, leaves a porous structure. Some gas-forming chemicals are aluminum 

powder, hydrogen peroxide/bleaching powder and calcium carbide liberate hydrogen, 

oxygen and acetylene, respectively. Among these, aluminum powder is the most 

commonly used aerating agent. 

 
In the second group, introduction of pores is achieved through mechanical means 

either by preformed foaming (foaming agent mixed with a part of mixing water) or mix 

foaming (foaming agent mixed with the mortar). The various foaming agents used are 

detergents, resin soap, glue resins, saponin, hydrolyzed proteins such as keratin etc. 

This is reported as the most economical and controllable pore-forming process (Valore, 

1954). 

 
Foamed concrete is not a particularly new material, its first patent and recorded 

use dates back to the early 1920s (Brady, Watts and Jones, 2001). According to Sach 

and Seifert (1999), limited scale production began in 1923 and, according to Arasteh 

(1988), in 1924 Linde described its production, properties and applications. The 

application of foamed concrete for construction works was not recognized until the late 

1970s, when it began to be used in the Netherlands for filling voids and for ground 

engineering applications. Significant improvements in production methods and the 

quality of foaming agents over the last 30 years have led to increased production and 

broadening of the range of applications. 

 
In the third group, combining foaming and air-entraining methods has also been 

adopted using aluminum powder and glue resin (Rudnai, 1963). 

 
Autoclaved aerated concrete (AAC) is a lightweight, precast, foam concrete 

building material suitable for producing concrete masonry unit like blocks. Lightweight 

concrete has been preferred over normal concrete due to a number of improved 

properties (Kim, Jeon and Lee, 2012). The most prevailing benefit of lightweight 
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concrete is decreased structural dead weight (Jo, Park, and Park, 2007). Since the 

internal structure is not dense, lightweight concrete structural members are deformed 

and destroyed easily. Hence, after destruction, crushed materials can also be 

remanufactured easily as part of recycling processes. Therefore, lightweight concrete 

has a low lifecycle cost (Mindess, Young, and Darwin, 2003). The aerated concrete has 

very light weight and low thermal conductivity (Mindess, Young, and Darwin, 2003). 

By introducing entrained air into lightweight aggregate concrete, the density and the 

thermal conductivity of the concrete can be improved (Weigler and Karl, 1980; Lee, 

Kim, and Hwang, 2010). The lightweight aggregate cellular concrete containing an 

adequate amount of air entraining agent was shown to have excellent characteristics 

including very-high workability, low density and proper strength, and it can be applied 

in architectural members with high acoustic shielding and thermal insulating properties. 

The lightweight aggregate concrete contains Portland cement, river sand, crashed 

gravel, fine bottom ash and coarse expanded shale. Based on their experiment, Kim, 

Jeon and Lee (2012) have shown that the acoustic transmission loss of normal concrete 

was nearly constant relative to that of lightweight concrete with and without AE agent. 

Therefore, it is considered that the acoustic shielding property of the concrete did not 

decline with a decrease of its density. However, no specific data are collected between 

the density of lightweight concrete and the acoustic shielding property. 

 
Laukaitis and Fiks (2006) analyzed acoustic qualities of three the most widely 

used types of AAC, which are gas cement concrete, gas cement concrete with combined 

binder and foam cement concrete. The matrixes of formative AAC mixtures were of 

following compositions: 

 
1. Gas cement concrete. Water/solid ratio (W/S) – 0.5–0.7, proportion of blowing 

agent (Al content), 0.1–0.25% of dry solids. Lime content – 3% of dry solids. Initial 

temperature of the formative mix was 40∘C. Sand/cement ratio was 1:1. 

 
2. Gas cement concrete with combined binder. W/S – 0.52–0.62; Al content – 

0.1–0.25% of dry solids. Initial temperature of the formative mix: 40 ∘C. In order to 

determine a content of dry solids, sand and Portland cement was mixed in a ratio 1:1. 

Then 20% of Portland cement’s amount was replaced by lime. 

 
3. Foam cement concrete. W/S, 0.5–0.8; lime content, 3% of dry solids; cement, 

50%; sand, 47%; foam content, 1.5–3.0 dm3/kg of dry solids. 

 
Al powder (20 g/kg) was used as a blowing agent in the production of cement 

concrete and gas cement concrete with combined binder. H2 gas given out during the 

reaction between Al powder and the binding material produced a porous structure of 

aerated concrete. The procedure of foam cement concrete manufacture is described 
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below. A foamer, which was made out of 0.2% sulfonol solution and an additive of 

0.15% bone glue (a stabilizer), was whipped up in a special mixer. 

 
A comparison of the results that describe air permeability of all three AAC types 

reveals that the air permeability coefficient of foam concrete is the lowest, air 

permeability coefficient of gas concrete is slightly higher, and the air permeability 

coefficient of gas concrete with combined binder is the highest. The result of gas 

concrete with combined binder is shown below for illustration. From Figure 1 it is clear 

that given a water/solids (W/S) ratios, the air permeability is inverse with density. 
 
 

 
Fig. 1. The dependence of the gas cement concrete air permeability on the material 

density for the following water/solids (W/S) ratios: (1) 0.50; (2) 0.55; (3) 0.60; (4) 0.65; 

(5) 0.70. 

 
The corresponding relationships between the air permeability and the mean of the 

normal AAC sound absorption 𝛼̅0 were determined and for the sake of illustration it 

was repeated below. It is clear from Figure 2 that the air permeability and he mean of 

the normal sound absorption is linearly positively correlated. Thus combining Figures 

1 and 2, one can conclude that mean normal incidence sound absorption is inverse with 

density. That is the lower the density is, the higher the normal incidence sound 

absorption. It is known that normal incidence sound absorption is an indicator of sound 

absorption capability of a material. The highest value of normal incidence sound 

absorption is 1, which means the sound is completely absorbed by the material. Thus 

the result supports that density of AAC is negatively correlated with the normal 

incidence sound absorption. Thus when the density of AAC is lower, it should have the 

better quality of sound absorption. 
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Fig. 2. The dependence of the mean normal incidence sound absorption coefficient 

on the air permeability. Types of AAC: (1) gas cement concrete; (2) gas cement 

concrete with combined binder; (3) foam cement concrete; (4) curve of average values. 

 
Since low density aerated concrete is with possibly high sound insulation, it is 

curious that is that effect can still be valid for density even lower than 0.3g/cm3? Jones, 

Ozlutas and Zheng (2017) have shown that with the addition of a small amount of 

calcium sulfoaluminate (CSA) cement (10% of the cement content), stable ultra-low- 

density foamed concretes with density as low as 0.15 g/cm3 can be produced. In this 

particular study, the water-to-cement (w/c) ratio was kept constant at 0.50, as it was 

observed to provide sufficient consistency at most densities with various material 

combinations and the highest strength in the solid phase. 

 
Since all the aerated concrete specimens are tested in the Anechoic Chamber of 

the Department of Materials Engineering at DaYeh University, we will mention 

something on Anechoic Chamber and the Sinusoidal curve from the experiment. An 

anechoic chamber (an-echoic meaning "non-reflective, non-echoing, echo-free") is a 

room designed to completely absorb reflections of either sound or electromagnetic 

waves. The walls, ceiling and floor are usually lined with a sound absorbent material 

to minimize reflections and insulate the room from exterior sources of noise (Wikipedia, 

2019). All sound energy will travel away from the source with almost none reflected 

back. Thus a listener within an anechoic chamber will only hear the direct sound, with 

no reverberation. Anechoic chambers have been used to provide a controlled 

environment for loudspeaker measurement since the early 1930’s (Gladwin, 2014). The 

sound measurement is represented in Sinusoidal curve, which is a fitted cubic spline 
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curve to the decibel level of various frequencies in the sound generated from the 

loudspeaker. 

 
By comparing the Sinusoidal curves in different conditions, one can see clearly the 

performance of sound barriers, which is the different densities of aerated concrete. 

 
The 40 inventive principles are used in the experiment to solve the water leaking 

problem during the foamed cement procedure. In the making of foam concrete, a 

specified water-solid ratio is set. In our case 835 g of water was mixed with 2000 g of 

cement, the water-solid ratio is 0.4175. The result is that extra water will leak from the 

mold after pouring out the slurry into the mold. It is clear that water needs to be reduced 

to avoid the leaking problem, however, how much water should be mixed with the 2000 

g of cement? One of the assistant applies the principle 15 of dynamics to solve problem. 

Instead of pouring a fixed amount of water with cement, he pours the water little by 

little into the 2000 g cement and does the mixing. When the slurry is dry, he adds more 

water until the slurry is about semi-solid. In this way, water is completely soaked into 

the cement and no water will leak out of the cement even when the slurry is poured into 

the mold. The amount of water is 665 g for 2000 g of cement, and the water-solid ratio 

is 0.3325. 

 
TRIZ provides many powerful tool to solve the contradiction problem and with 

the function analysis and Su-filed analysis, one can create ingenious solution which is 

out of box solution. For our research problem we just apply the 40 inventive principles 

without going through the function analysis and setting up the contradiction problem. 

 

3. Experiment 

The preparation of autoclaved aerated concrete (AAC) specimens included three 

basic steps which are raw material mixing, foaming and pre-curing, autoclave curing, 

and the second step is based on different air generation process. The first one is made 

by profoam agent, and the second is made by aluminum powder. They are described as 

follows respectively. The profoam agent procedure is specified as follows. In our 

experiment, we only dealt with first two steps and ignore the autoclave step. The reason 

is our research result will be used as the infilling of hollow brick. That is choosing the 

proper density of foamed concrete as the infilling of hollow brick. Therefore, there is 

no need to study the effect of autoclave, even though many research indicate that 

autoclave will increase the compression strength and decrease the shrinking rate of 

foamed concrete. There are nine experiment being performed to study the effect of 

different formula of foaming and part of detailed procedure of the experiment will be 

disclosed. 
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(1) Raw material mixing 

First, cement (ordinary Portland cement) and the water were precisely weighed in 

accordance with the experimental design. These raw materials were then put into a 

plastic bucket and mixed with an electric blender for three minutes until the mix had 

become homogeneous. 

 
(2) Foaming and pre-curing 

As an illustration, the second experiment on profoam is stated in the foaming 

procedure. In order to make AC mortars foam, profoam was used as a foaming agent, 

and the amount added was 4.983 wt%. The mixture was blended with an electric 

blender for three minutes and issued a blended stuff A. Water was then added into 

cement at a specific water-solids ratio of 0.4175 L/kg, and then blended to mortars for 

three minutes using an electric blender at about 850 rpm and issued a blended stuff B. 

The wt% of a species is a common way to refer to the mass fraction of the species times 

100. Mass fraction of a species is the mass of the species divided by the total mass of 

all species. So 4.983 wt% profoam in water could be: 15 g profoam in 286 g water: 

 
wt% profoam = 100x[15 g / (15g + 286g)] = 100 x 0.09494 = 4.983 wt%. 

 
The water-solids ratio investigated in this research can be defined as the ratio of total 

mass of water to the total mass of cement solids. So the water-solids ratio of 0.4175L/kg 

could be: 835g water in 2000g cement: 

 
Water-solids ratio = (835/1000)L/(2000/1000)kg=0.4175 L/kg. 

 
Then 10 g of Calcium Chloride Anhydrous was added to water of 25 g and issued a 

blended stuff C. Finally blended stuff A and C were added to stuff B and blended with 

an electric blender for one minute and issued a foamed cement. The foamed cement 

was poured into wood molds (20-cm cubes) and the height was 11.5 cm. After standing 

for two days the dry foamed cement (aerated concrete) shrunk to 10.5 cm height. The 

shrinkage rate is about 1/11.5=8.7%. The total weight of dry aerated concrete is 2257 

g and the density is about 2257g/(20*20*10.5 cm3)=0.537g/cm3. Obviously most of 

the water was evaporated. The artifact is shown in Figure 1. 
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Figure 1. Artifact of aerated concrete from profoam in the second experiment. 

 
The second way to make foaming is by aluminum powder, the fifth experiment is 

shown as below. The amount added was 13.595 wt%. The mixture was blended with 

an electric blender for one minute and issued a blended stuff A. Water was then added 

into cement at a specific water-solids ratio of 0.4175 L/kg, and then blended to mortars 

for three minutes using an electric blender at about 850 rpm and issued a blended stuff 

B. The wt% of a species is a common way to refer to the mass fraction of the species 

times 100. Mass fraction of a species is the mass of the species divided by the total 

mass of all species. So 13.595 wt% profoam in water could be: 45 g aluminum powder 

in 286 g water: 

 
wt% aluminum powder = 100x[45g / (45g + 286g)] = 100 x 0.13595 = 13.595 

wt%. 

 
The water-solids ratio investigated in this research can be defined as the ratio of total 

mass of water to the total mass of cement solids. So the water-solids ratio of 0.4175L/kg 

could be: 835g water in 2000g cement: 

 
Water-solids ratio = (835/1000)L/(2000/1000)kg=0.4175 L/kg. 

 
Then 10 g of Calcium Chloride Anhydrous was added to water of 25 g and issued a 

blended stuff C. Finally blended stuff A and C were added to stuff B and blended with 
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an electric blender for one minute and issued a foamed cement. The foamed cement 

was poured into wood molds (20-cm cubes) and the height was 4 cm. After standing 

for two days the dry foamed cement (aerated concrete) increased to 9 cm height. The 

expansion rate is about 5/4=125%. The total weight of dry aerated concrete is 2419 g 

and the density is about 2419g/(20*20*9 cm3)=0.672g/cm3. The expansion is issued 

from the chemical reaction between aluminum powder and cement slurry. The artifact 

is shown in Figure 2. 
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bottom 
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Side 4 

Figure 2. Artifact of aerated concrete from aluminum powder in the fifth 
experiment. 

 
We summarize the nine experiments with the successful parts. Some of failures 

are not reported here. 

▪ 3.1 Foamed concrete 
 

The following is the material mix ratio of the profoam agent which is fine-tuned 

in each experiment, and the amount of water in the water-solids ratio is adjusted in the 

seventh time. Each adjustment makes the result different. 

Table 1. Eight experiment for foamed concrete. 
 Cement(g) Profoam(g) Water(g) Calcium Chloride 

Anhydrous(g) 

Result 

1st Experiment 2000 15 835/286 0 Failed 

2nd Experiment 2000 15 835/286/25 10 Success 

Height:10.5cm 
Dry Density:0.537g/cm3 

3rd Experiment 2000 45 835/286/25 10 Failed 

4th Experiment 2000 35 835/286/25 10 Failed 

5th Experiment 2000 32 835/286/25 15 Failed 

6th Experiment 2000 20 835/286/25 15 Failed/Video 
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7th Experiment 2000 20 665/286/25 20 Success 

Height:13cm 
Dry Density:0.43g/cm3 

8th Experiment 2000 25 665/286/25 20 Failed 

 

Except for the experiment 1, all the others use Calcium Chloride Anhydrous to 

increase its solidification of slurry. The procedure of the 2nd through 6th experiment is 

similar, thus only the 2nd experiment is illustrated. The 15g profoam was mixed with 

water of 286g and blended with an electric blender at about 850 rpm for one minute 

and issued a blended stuff A. Water of 835g was added into cement of 2000g and then 

blended to mortars for three minutes using an electric blender and issued a blended 

stuff B. Then 10 g of Calcium Chloride Anhydrous was added to water of 25 g and 

issued a blended stuff C. Finally blended stuff A and C were added to stuff B and 

blended with an electric blender for one minute and poured into an adjustable mold of 

dimension of 20x20x20 cm (shown in Figures 3 and 4) and issued a foamed cement. 

Note that the buckle design on the mold facilitates the removing of foamed 

concrete.The wet foamed concrete was filling up the mold to the top. Then as time go 

by, the foamed shrinks and the height of foamed concrete goes down to 10.5cm. The 

mold was designed in such a way that after the foamed concrete drying up, the foamed 

concrete can be easily taken out. The only different procedure in experiments 7 and 8 

is that during the making of stuff B, the water was gradually added into the cement to 

make sure the cement fully saturate with water and made no water leaking in pouring 

the foamed slurry into a mold. 

It seems that wt% of profoam and water-solids ratio are somewhat related to make a 

successful foamed concrete. When the water-solids ratio is low as in experiments 7 and 

8, the wt% of profoam cannot be as high as in experiment 5. Meanwhile, the addition 

of Calcium Chloride Anhydrous can reduce the usage of profoam as indicated in 

experiments 5 and 7. 

 
Figure 3. Cubic mold for aerated concrete 
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(a) Failed foamed concrete (b) Successful foamed concrete 
Figure 4. Cubic mold filled with foamed 
concrete 

 
▪ 3.2 Gas concrete 

 
The following is the material mix ratio of aluminum powder which is fine-tuned in 

each experiment, and in the seventh experiment calcium sulfate dehydrate powder was 

added as expansion agent. Each adjustment makes the result different. 

Table 2. Six experiment for Gas concrete. 
 Cement(g) Aluminum 

powder(g) 
Water(g) Calcium 

Chloride 

Anhydrous(g) 

Calcium 
sulfate 
dehydrate(g) 

Result 

1st Experiment 2000 45 835/286 0 0 Success 

Height:8cm 
Dry Density:0.74g/cm3 

2nd Experiment 2000 30 835/286/25 10 0 Failed 

3rd Experiment 2000 45 835/286/25 10 0 Success 

Height:9cm 
Dry Density:0.737g/cm3 

4th Experiment       
5th Experiment 2000 45 835/286/25 10 0 Success 

Height:9cm 
Dry Density:0.672g/cm3 

6th Experiment 2000 45 835/286/25 10 20 Success 

Height:9cm 
Dry Density:0.7g/cm3 

7th Experiment       

8th Experiment 2000 50 835/286/25 10 25 Success 

Height:10cm 
Dry Density:0.704g/cm3 

 
In Table 2 there are no experiments on gas concrete in experiments 4 and 7. During 

the other six experiments, five out of six are successful indicating the gas concrete 

formula is a more reliable one than that of foamed concrete. The addition of Calcium 



The 2019 International Conference on Systematic Innovation 

July 08-11, 2019, Liverpool, The UK 

260 

 

 

 
 

Chloride Anhydrous seems to help increase the height of the gas concrete from 8 cm to 

9 cm. The addition of calcium sulfate dehydrate seems to stabilize the dry density to 

0.7g/cm3. 

 
The procedure of the 2nd through 5th experiment is similar, thus only the 5th 

experiment is illustrated. The 45g aluminum powder was mixed with water of 286g 

and blended with an electric blender at about 850 rpm for one minute and issued a 

blended stuff A. Water of 835g was added into cement of 2000g and then blended to 

mortars for three minutes using an electric blender and issued a blended stuff B. Then 

10 g of Calcium Chloride Anhydrous was added to water of 25 g and issued a blended 

stuff C. Finally blended stuff A and C were added to stuff B and blended with an electric 

blender for one minute and poured into an adjustable mold of dimension of 20x20x20 

cm and issued a gas cement with height of 4cm. Then chemical reaction between 

aluminum powder and cement slurry took place and the slurry swell up to 9cm of height. 

The only different procedure in experiments 6 and 8 is that during the making of stuff 

B, Water of 835g and Calcium sulfate dehydrate of 20g was added into cement of 2000g 

to make the concrete being bounded stronger. 

 
Comparing with Tables 1 and 2, it is clear that foamed concrete has lower density 

(0.43~0.537 g/cm3) than that (0.672~0.74 g/cm3) of gas concrete. It seems that in order 

to create a lower density of aerated concrete, the foamed concrete is a promising 

approach. 

 
Due to different height of foamed concrete and gas concrete made in the eight 

experiments, it is necessary to fabricate them by water jet cutting to the same height of 

6cm. Part of the cut specimens are shown in Figure 5. Foamed 2 – Up indicates the 

specimen made in experiment 2 with profoam where up stands for the separate parts 

after water jet cutting with top surface remaining in front. Whereas Foamed 2 – Down 

indicates the top surface was flipped upside down so that one can see the texture of the 

separating surfaces. Similar explanation is applied to specimen Foamed 7 – Up and 

Foamed 7 – Down. Aluminum 6 – Up indicates the specimen made in experiment 6 

with aluminum powder where up stands for the separate parts after water jet cutting 

with top surface remaining in front. Whereas Aluminum 6 – Down indicates the top 

surface was flipped upside down so that one can see the texture of the separating 

surfaces. Looking carefully into the figures one can tell that the pores in the specimens 

made from aluminum powder (particularly aluminum 6) are much bigger than that of 

the profoam (foamed 2). 
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Foamed 2 - Up 

 

 
Foamed 7 - Up 

 

 
Aluminum 6 - Up 

 

 
Aluminum 8 - Up 

 

 
Foamed 2 - Down 

 

 
Foamed 7 - Down 

 

 
Aluminum 6 - Down 

 

 
Aluminum 8 - Down 

Figure 5. Artifact of aerated concrete from aluminum powder and profoam-Up 
and Down Views 

(a) Schematic drawing of experiment layout 

 

(b) Experiment layout 

Figure 6. Artifact and schematic drawing of experiment layout in Anechoic 
Chamber 

The sound shielding power of the specimens made from profoam and aluminum 

powder are examined in the Anechoic Chamber of the Department of Materials 

Engineering at DaYeh University. The experiment was set up that the aerated concrete 
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being put in the middle between speaker and microphone and the distance between the 

speaker and microphone is 16cm, that is the distance between the proximal surface of 

specimen and the speaker/microphone is 5cm. The layout is schematically drawn in 

Figure 6a and the layout of the artifact is shown in Figure 6b. 

Surprisingly, the Sinusoidal curves indicate that different densities made from two 

aeration methods, foamed concrete and gas concrete, are almost identical. The result is 

shown below. Figure 7 shows the comparison of noise level between empty state and 

other five aluminum powder specimens. The sinusoidal curves from five aluminum 

powder specimens (AL-1, AL-3, AL-5, AL-6, AL-8 

indicating the result from experiments 1, 3, 5, 6, 8) are all under the curve of empty 

showing the specimens have sound proof capability over the range of frequencies 

20~22387 Hz. However, the difference among the sinusoidal curves from five 

aluminum powder specimens is not much indicating density does not influence the 

sound proof capability in the gas concrete. Figure 8 shows the comparison of noise 

level between empty state and other two profoam specimens plus AL-6 and RegC for 

reference. Foamed concrete perform quite similarly as the aluminum powder specimen. 

Reg-C stands for regular cement made from the mixing of 6000g of cement with 1995g 

of water whose dry density is 1.581g/cm3 which is about twice of that of aluminum 

powder specimen and three times of that of foam 7 specimen. The performance of 

sound proof among those specimens in Figure 8 is quite similar further indicating the 

density of cement does not influence the sound proof capability. 

 

Figure 7. Sinusoidal curves of Empty VS Aluminum Powder 
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Figure 8. Sinusoidal curves of Empty VS Profoam VS AL Powder VS Regular 

Cement 

Our result seems contradict against the one of Laukaitis and Fiks (2006). The latter 

shows that the density of aerated concrete is negatively correlated with sound 

absorption coefficient. The issue still needs to be settled as there are two different 

indicator are used in the two experiments, one from the authors and the other from 

Laukaitis and Fiks. Further experiments needs to be performed, especially on the 

ultra-low density of foamed concrete as suggested in Jones, Ozlutas and Zheng 

(2017). 

 

4. Conclusion and Outlook 

Aerated concrete has a long history in civil industry since 1920. It has the 

appealing characteristics of light weight, thermal insulation. Research on sound proof 

capability of the aerated concrete has been controversial. Some said there is no sound 

proof capability and other said there are as indicated in Narayanan and Ramamurthy 

(2000). Laukaitis and Fiks (2006) shows that low density of aerated concrete has better 

capability of sound proof than that of high density. However, our research indicates that 

the difference does not influence much. The result may come from the shape of the 

specimen being tested. The specimens are cylinders with the diameter of 101 mm and 

the heights 35 mm, whereas ours are cuboid with dimension of 200x200x60 mm. The 

measure which Laukaitis and Fiks (2006) used was reverberation room which is 

different from the Anechoic Chamber which is used in our experiment. A reverberation 

chamber or room is a room designed to create a diffuse or random incidence sound 

field. This method is just the opposite of Anechoic Chamber which eliminates a diffuse 

or random incidence sound field. 

However, some significances are shown here. First, even though the height of gas 

concrete and foamed concrete are different, in order to have the same base to make 
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comparison among the specimens, water jet is applied to the specimen to make the size 

of concrete slab as 200x200x60 mm. As for the gas concrete six specimens are used 

and their density ranging from 0.672~0.74 g/cm3 whereas two specimens of the foamed 

concrete are used and their density ranging from 0.43~0.537 g/cm3. A regular concrete 

was made with density of 1.581g/cm3 to make contrast with light weight aerated 

concrete. The sinusoidal curves from Anechoic Chamber shows although all the 

concrete has sound proof capability as they are compared with sinusoidal curve of 

empty state, however the performance among the concretes (whether they are gas, 

foamed or regular ones) are similar. It seems that density does not influence the sound 

proof capability in concrete. Secondly, the gas concrete can be made more reliable than 

that of foamed concrete. The successful rate of gas concrete is six out of eight whereas 

only two out of six is obtained in foamed concrete. Nevertheless, the foamed concrete 

can create lower density of concrete than that of gas concrete. In the meantime we have 

shown that the sinusoidal curves will not change much with densities whether it is made 

of aluminum powder or profoam. Thirdly, the mold is specially used for the concrete 

experiment created by the inventive principle of 15 of dynamics. The former version 

of mold is without the buckle. The problem with the previous mold is that once the 

cement became dry and has to be taken out. The mold has to be broken to do that. 

Although mold can be rebuilt after the concrete is removed from inside of the mold. It 

does hurt the mold and causes inconvenience. The new design of mold solves the 

problem. 
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Abstract 
 

In this paper, a new approach to respiratory rate measurement using resonance tube to enhance 

the performance of microphone is proposed. The microphone is inserted and fixed at the end of the 

tube to catch breath sound signal from the mouth and/or nose. The signal is amplified and passed into 

envelope detector circuit after which it is compared with a suitable reference voltage in the comparator 

circuit to generate a pulse train of square wave synchronized with the respiratory cycle. A simple 

algorithm is developed in a small microcontroller (PIC16F628A) to detect rising edges of each 

consecutive square wave to calculate respiratory rate and display it on LCD together with analysis of 

breathing status. In order to evade noises which will cause errors and artifacts in the measuring system, 

the reference voltage is creatively designed to intelligently adapt itself to be low during expiration 

period and to be high during inspiration and pause period using the concept of resolving contradiction 

in the theory of inventive problem solving (TRIZ). This makes the developed device simple and low- 

cost with no need for complicated filtering system. It can detect breath sound as far as 250 cm from 

the nose and can perform accurately and more responsively with wide range of speed and level of 

breathing as tested against End Tidal CO2 Capnography device. The result shows the developed device 

can estimate precisely from as low as 0 BrPM to as high as 98 BrPM and is also capable of detecting 

shallow breathing. It is believed that it has high potentials for detecting hypopnea besides apnea event. 

 
Keywords: Respiratory rate, Resonance Tube, TRIZ, Apnea, Hypopnea, Capnography. 

1Technopreneurship and Innovation Management Program, Graduate School, 
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1. Introduction 
 

Respiratory rate is one of the important vital signs besides pulse rate, blood pressure and body 

temperature (Evan et al. 2001). An abnormal respiratory rate can be a significant indicator of serious 

illness such as cardiac arrest (Creikos et al. 2008). Respiratory rate monitoring plays an important role 

in intensive care unit (ICU) (Neideen, 2012) and is one of the fundamental indicators in sleep study 

(polysomnography) (Barbieri et al. 2018). Furthermore, as people become more health conscious 

nowadays, practices of mindfulness using breathing become more widespread as it is believed to be 

the best tool for maintaining good health both physically and mentally (Jacobs et al. 2011). There have 

been several researches on various kinds of methods and technologies developed to measure 

respiratory rate using parameters changes in the physical, chemical or biological elements inside and 

outside the body of human that are caused by respiration activities (Benjaboonyazit, 2018). In the 

author’s previous paper (Benjaboonyazit, 2018), the model for idea generation process in medical 

devices development using TRIZ has been proposed as shown in Figure 1. 

 

 

Figure 1. Model for idea generation process in medical devices development using TRIZ. 

 
The above model can be used for any measuring devices for human physiological activities 

including respiration rate monitoring device. For example, changes in the impedance of the chest or 

abdomen, changes in the temperature, pressure or humidity of the inhaled and exhaled air, or changes 

in the CO2 level in the end tidal airflow. Many sophisticated technologies have been developed to 

measure respiratory rate in accordance with each method, such as impedance pneumography (Amit, 

2011), respiratory inductance plethysmography or RIP (Porntip, 2011) and capnography using non- 

dispersive infrared end tidal CO2 sensor, etc (Al-Khalidi et al. 2011). 
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Another common method of measuring respiratory rate is to catch respiratory sound using 

microphone. This method is mostly used in the analysis of pulmonary desease based on lung sounds 

acquired by attaching microphone sensor to the skin on the chest or trachea on the neck. Normal 

frequency of pulmonary or lung sounds usually varies from 100 to 1000 Hz (Ohshimo et al. 2016). 

These lung sounds are prone to noises from heart sound and artefact from body movements where 

complicated noise filtering system is required (Corbishley et al. 2008). In contrast to lung sounds, 

respiratory sound directly measured at the mouth is referred as breath sound by Forgacs who found 

that breath sounds recorded through a microphone close to the mouth contain sound waves of random 

amplitude with frequency distribution between about 200 and 2,000 Hz and breath sound of a healthy 

person at rest is barely audible at the mouth, while in chronic bronchitis or asthma, it is very noisy 

(Forgacs et al. 1971). However, breath sounds at the mouth have attracted virtually no further 

investigational attention since the early 1970s (Pasterkamp et al. 1997) due to its nature of being weak 

signal and being susceptible to noise. 

 
This paper aims to investigate the possibility of using breath sound for measuring respiratory rate 

and propose a new approach for measuring respiratory rate by deploying resonance tube to enhance 

the performance of the microphone system in catching breath sound at the mouth and/or nostril. Simple 

signal pre-processing procedure and data analysis algorithm with no complicated noise filtering 

system is developed. The prototype of the new system is designed, fabricated and tested with 

satisfactory result as detailed in the following sections. 

 
2. Methodology 

 
The respiratory rate monitoring device developed in this paper uses resonance tube to enhance the 

performance of the microphone system in catching breath sound which is in accordance with TRIZ’s 

standard solution No. 4.3.2 and also use TRIZ’s concept of Physical Contradiction and The Principle 

of Separation to solve the problem of the contradictory requirement of reference voltage in the 

comparator circuit to evade noises and thus improve the accuracy of measurement. Therefore, this 

section will give a basic knowledge of the phenomenon of standing wave in resonance tube and TRIZ’s 

concept of Physical Contradiction, and explain how the respiratory rate monitoring device works. 

 
▪ 2.1. Phenomenon of standing wave in resonance tube 

 
Sound propagates as a longitudinal wave with the normal velocity at 343 m/s. When travelling 

through a closed end tube, the sound wave will reflect at the closed end, causing it to resonate at a 

resonance frequency which depends on the length of the tube. Sound travels as a compression wave, 

causing air molecules to move back and forth along the direction of propagation. Within a tube, a 

standing wave is formed. At the closed end of the tube, air molecules cannot move freely, making it a 

displacement node in the standing wave. And at the open end of the tube, air molecules can move with 

no restriction, making it a displacement antinode. When blowing sound into the tube, a frequency that 

matches one of the harmonic standing waves of the tube will resonate, giving a maximum sound 
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pressure at the resonance frequency. The reinforcement of power is due to synchronized reflection of 

the wave as shown in Figure 2. 
 

 
Figure 2. Phenomenon of standing wave in resonance tube with one open end. 

(Source: http://www.sliderbase.com/spitem-1610-9.html) 

Figure 2 shows that the standing wave in the resonance tube with one open end will occur only 

at the odd harmonic frequency. The fundamental frequency as the function of the length of the tube 

can be calculated as f1= 1/(4L) Hz or wave length λ = 4L where L is the length of the tube. And there 

occurs also the resonance of the odd harmonic frequency which is the odd number time of fundamental 

frequency as f3 = 3/(4L), f5 = 5/(4L), f7 = 7/(4L) … and the wavelength of the harmonic frequency can 

be calculated as λ = 4L/n, where n = 1, 3, 5, 7, … The frequency will be equal to velocity of sound 

divided by wave length or f = v / λ Hz 

 
▪ 2.2. TRIZ’s Physical Contradiction and The Principle of Separation 

 
TRIZ is the Russian acronym for the Theory of Inventive Problem Solving developed by Genrikh 

Altshuller in 1946 who studied thousands of patents to discover how inventors innovate. In TRIZ, 

there are two main types of contradiction. One is technical contradictions. These occur when two 

different parameters in a system conflict with each other. For example, something could be stronger 

but at the cost of weight of the object. The second main type of contradiction, physical contradictions, 

is where an object has contradictory requirements so that one parameter within a system conflicts with 

itself. For example, a pen tip needs to be sharp to write fine lines, but blunt in order to avoid tearing 

the paper it is writing on. 

 
Physical contradiction underlies the root cause of problems and can be resolved through the use 

of the Principle of Separation by considering each of the 4 directions as follows: 
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1) Separation in time: Changing a property, response, behavior against time 

 
2) Separation in space: Changing the property, response, or behavior based on special location 

 
3) Separation between parts and the whole: Changing the property so as to make it different in 

the sub-system system and/or super-system. 

 
4) Separation upon condition: Changing the property of the contradictory element so as to make 

it different under different condition. 

 
This paper deploys TRIZ’s Physical Contradiction and the Principle of Separation as will be 

demonstrated in the following section. 

 
▪ 2.3. Respiratory rate monitoring device using resonance tube 

 
The respiratory rate monitoring device developed in this paper consists of 3 parts, breath sound 

signal acquisition unit, signal pre-processing unit, and data analysis and display unit as shown in 

Figure 3. 
 

 

 

Figure 3. Respiratory rate monitoring device using resonance tube. 

 
Breath sound signal acquisition unit is made of a flexible tube, called here as resonance tube as 

of its function. A small electret condenser microphone is inserted and fixed at one end of the tube while 

the other end is placed near the mouth and/or nostril. Breath sound will travel inside the tube as 

longitudinal wave and will cause resonance inside the tube with resonance frequency that changes 

with the length of the tube. The breath sound in the resonance tube will transform into electrical signal 

through the microphone and will pass into the signal pre-processing unit which will amplify and detect 
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the envelope of the signal. The envelope of the signal will then pass into the comparator circuit 

which will compare the envelope of the signal with suitable reference signal to generate a pulse train 

of square wave which is synchronized with the respiratory cycle. The data analysis and display unit 

is made of a microcontroller which is programmed to detect the rising edges of 2 consecutive square 

wave pulse after which respiratory rate will be calculated and displayed continuously on LCD and/or 

smart phone wirelessly. Furthermore, the data analysis and display unit will analyze respiratory rate at 

each respiratory cycle and show the respiratory status related to that respiratory rate as in Table 1. 

 
Table 1. Respiratory status related to respiratory rate. 

 
 

respiratory rate (BrPM) respiratory status Note 

BrPM > 20 Tachypnea Fast breathing 

12 <= BrPM <= 20 Normal Breathing Normal Breathing 

6 <= BrPM < 12 Bradypnea Slow Breathing 

0 < BrPM < 6 Apnea No breathing longer than10 seconds 

BrPM = 0 No breathing No breathing longer than 60 seconds 

 
3. Experiments and results 

 
Experiments are carried out to test each unit and the entire system, and the results are shown as 

follow: 

 
▪ 3.1 Breath sound signal acquisition unit 

 
A small electret condenser microphone (obopro2, diameter 6.0 mm) is used as a sensor fixed 

inside one end of a flexible tube with the same diameter and the tube length is divided into several 

pieces between 3 to 160 cm. The microphone is connected to the microphone socket of a notebook 

with audio software (Audacity 2.2.2) installed in it for displaying amplitude of breath sound signal in 

time domain, power spectrum and time-frequency spectrogram. The time-frequency spectrogram 

displays the variation of frequency and power spectrum in vertical axis along with time in horizontal 

axis. The spectrum of power variation is displayed with range of colors starting from yellow red blue 

and white showing from high to low power spectrum.   The microphone level is set to 100 % and 0 

dB boost, sampling rate is 44,100 Hz, window function is Hanning window with size = 1024 as 

shown in Figure 4. 
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Figure 4. Experimental setup for breath sound signal acquisition unit. 

 
In separate experiment, microphone with no resonance tube is also placed in front of the nostril 

with distance from 1 to 15 cm to evaluate the signal power at 100 Hz in order to compare with the 

performance of microphone with resonance tube. For both experiments, normal breathing air is 

blown from the nostril of a volunteer into the microphone directly and into the open end of the 

resonance tube separately, keeping the sound pressure level as constant as possible. 

 
For microphone performance testing without resonance tube, no resonance is detected in power 

spectrum and time-frequency spectrogram as example shown in Figure 5. 

 

 
Figure 5. Example of power spectrum of microphone with no resonance tube (distance 3 cm from the 

nostril). 
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Figure 5 shows that without resonance tube, the bandwidth of breath sound is between 20-2000 

Hz. The maximum power is around 100 Hz and it will drop significantly after 2000 Hz. For the 

purpose of comparison, power at 100 Hz is selected from power spectrum for different distance of 

microphone from the nostril and the result is shown in Figure 6. 

 
 

 
Figure 6. Measurement of signal power at 100 Hz of microphone with no resonance tube placed at 

different distance from the nostril. 

 
 
 

Figure 6 shows that signal power decreases significantly as the distance of microphone from the 

nostril becomes larger and after the distance of 15 cm, the microphone can hardly catch any normal 

breath sound. But for microphone performance testing with resonance tube, the power spectrum 

shows resonance with odd number harmonic frequency as example shown in Figure 7. 

 

 
Figure 7. Typical power spectrum with odd number harmonic resonance frequency (microphone with 

resonance tube of length shorter than 10 cm). 
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Figure 7 shows power spectrum typical of resonance tube with length shorter than 10 cm where 

the power at the resonance frequencies is less than the power at 100 Hz, thus shows no significant 

effect on enhancing the performance of microphone. But when the length of resonance tube is longer 

than 10 cm, the power at the fundamental resonance frequency becomes dominant and stronger than 

the power at 100 Hz, thus shows significant effect on enhancing the performance of microphone as 

an example shown in Figure 8. 

 

 
Figure 8. Typical power spectrum with odd number harmonic resonance frequency (microphone with 

resonance tube of length longer than15 cm). 

 
The time-frequency spectrogram in both Figure 7 and Figure 8 shows vividly the power 

changing at resonance frequency and its harmonics together with time during the respiration cycle 

which corresponds to the power spectrum. For comparison purpose, power at 100 Hz is selected for 

different length of resonance tube between 3 to 15 cm as shown in Figure 9. 

 

 
Figure 9. Signal power at 100 Hz of microphone with resonance tube at different length from the 

nostril. 
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Figure 9 shows that with resonance tube, power decreases at more moderate rate than power 

without resonance tube with the same distance from the nostril. In addition, the responses of 

microphone with resonance tube of length 10 and 15 cm are even stronger with the enhancement 

from power at fundamental resonance frequency as shown in Figure 10. 

 
 

 
Figure 10. Power at fundamental frequency of microphone with resonance tube at different length. 

 
Figure 10 shows that with longer length of resonance tube, the power at fundamental frequency 

become dominant and stronger than the one with no resonance which means that microphone with 

resonance tube is more capable of catching breath sound at much longer distance than that of 

microphone without resonance tube. The length of resonance tube can be as long as 250 cm with 

little power drop as tested with nasal cannula as in Figure 11. 

 

 
Figure 11. Power spectrum of microphone with resonance tube tested with nasal cannula of length 

250 cm. 

 
Figure 11 shows that with nasal cannula of length 250 cm. used as resonance tube, the 

resonance frequency is very low and the odd harmonic frequencies come close together which make 

them show no distinguish power difference. Nevertheless, with the power enforcement from 
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resonance frequency, the performance of microphone is improved and can detect breath sound as far 

as 250 cm. with little power drop. 

 
▪ 3.2 Signal pre-processing unit 

 
Breath sound signal comprises inspiration period and expiration period with pause between 

them. Breath sound measurement over the trachea with microphone shows nearly the same 

amplitude between inspiration and expiration. The smooth beginning with abrupt ending is often 

found during the inspiration period while abrupt beginning and smooth ending is obvious during 

expiration period (Hult et al. 2000). In the case of breath sound directly measured from the mouth 

and/or nostril using resonance tube developed in this paper, breath sound travels into the tube during 

expiration, but very little sound can get into the tube during inspiration due to the tube’s wall and the 

closed end which shields inspiration sound and environmental noise from entering the tube to the 

microphone. Although the microphone used in this paper is omnidirectional, but it performs like a 

unidirectional microphone due to the configuration. This makes breath sound signal from the 

microphone show only expiration period and nearly quiet period alternatively. In order to measure 

respiration rate from expiration sound, signal pre-processing unit is designed comprising amplifier 

circuit, envelope detector circuit, and comparator circuit. The low-cost off-the-shelf LM324 quad op- 

amp is used for this purpose. 

 
Breath sound signal from microphone is fed into the amplifier circuit with gain = 100 through a 

coupling capacitor, after which the output from amplifier circuit is passed into the envelope detector 

circuit. The output from envelope detector circuit is then fed into the non-inverting input of 

comparator circuit while suitable reference voltage (0.25 V) is fed to the other input. The breath 

sound signal from the microphone, the outputs of amplifier circuit, envelope detector circuit and 

comparator circuit are measured with oscilloscope as shown in Figure 12. Channel 1 is set to be 100 

mV/div with the rest of the channels set at 5 V/div. Time scale is 2 s/div for all channels. 

 

 
Figure 12. Breath sound signal from the microphone, amplifier circuit, envelope detector circuit and 

comparator circuit (resonance tube of length 50 cm). 
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Figure 12 shows an example of the 4-channel oscilloscope displaying breath sound signal from 

the microphone and the outputs of amplifier circuit, envelope detector circuit and comparator circuit 

(resonance tube of length 50 cm). With different level of breathing, the breath sound signal from the 

microphone changes between around 10 mV (weak shallow breathing) to around 40 mV (strong deep 

breathing). The output of amplifier circuit will change accordingly with gain=100 from around 1 V to 

around 4 V where it is saturated and the peak of output signal from envelope detector circuit will 

change between around 1 V to around 3.5 V. The time constant of envelope detector circuit is 

designed to be 4.7µF*80kΩ = 0.376 s in order that it will be short enough to follow the rising pulses 

of high frequency breath sound signal which is around 1 kHz, but long enough not to fall too quickly 

between each high frequency pulses during expiration period. The last signal in channel 4 is the 

output of comparator circuit which is square wave pulse train synchronized with the respiratory 

cycle. The amplitude of the pulse train is saturated at around 4 V which is enough to be used as 

digital signal to feed into the microcontroller of the data analysis and display unit. 

 
It can be said that most of the time the square wave signal from comparator circuit synchronizes with 

the respiratory cycle and respiratory rate is presented accurately. But it was found in later state that 

there are situations when the expiration becomes unstable and fluctuates, resulting in untimely 

square wave pulse which causes error in the respiratory rate calculation as shown in Figure 13. 

Another situation is noise from body movement which can cause artefact during the inspiration and 

pause period as also shown in Figure 13. 

 
 

 
Figure 13. Causes of errors and noises during the respiratory cycle. 

 
In order to measure the respiratory rate accurately, reference voltage (Vref) should be low 

enough (lower than the minimum point) during the expiration period, and reference voltage (Vref) 

should be high enough (higher than the maximum point) during the inspiration and pause period. 

Usually, inventors will try to solve this problem by compromising the contradictory requirements 

with trade-off or optimization method. But this is not a breakthrough solution. This situation is called 
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“Inventive situation” in the Theory of Inventive Problem Solving (TRIZ) (Savransky et al. 2000) 

which states that in order to attain an ideal solution, contradiction must be overcome with no trade- 

off or compromising by utilizing resources within or in the environment of the system at no or little 

cost (Cavallucci et al. 2009). This kind of contradiction is called physical contradiction and the 

solution ideas can be generated by principle of separation which is divided into separation in space, 

in time, in system, and by condition (Benjaboonyazit, 2014). In this case, it is more practical to 

generate ideas from the concept of separation in time, that is Vref must be low during expiration 

period and Vref must be high during inspiration and pause period. In order to attain an ideal solution, 

the author looks into the system and discover that the microcontroller (PIC16F628A) which is used 

for data analysis can be utilized to get different value of Vref during different period of time. Thus 

the author writes a source code with C language to differentiate between expiration period and 

outside expiration period (inspiration and pause period) and output different Vref from 

microcontroller to the comparator circuit. The output from envelope detector circuit is fed into the 

non-inverting input of comparator circuit while reference voltage is fed into the other input. In order 

to eliminate errors and noises, reference voltage of 0.21 V during expiration period and 1.25 V 

outside the expiration period is generated and applied alternatively as shown in Figure 14. 

 

 
Figure 14. Envelope of breath sound signal compared with adaptive voltage reference. 

 
From Figure 14, it can be seen that the designed code works well to give different voltage 

reference for different period of respiratory cycle. The voltage reference adjusts itself to be low to 

evade the fluctuation during unstable expiration period, and floats high above the noises during 

inspiration and pause period. The output from the comparator is a clean square wave with no errors 

and artefact which is forwarded to the data analysis and display unit in the following section. 

 
▪ 3.3 Data analysis and display unit 
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Data analysis and display unit is made of PIC16F628A microcontroller and 16x2 LCD. 

PIC16F628A is a small microcontroller with limited I/O port, memory, and features, but it has 

sufficient capacity for analysing and displaying the data. The internal 4 MHz of oscillator is utilized 

to lessen part count and the built-in feature of CCP is deployed to detect the rising edges of the pulse 

train of square wave in order to calculate the breath rate per minute. The result of breath rate per 

minute calculated from each 2 consecutive rising edges of square wave along with the status of 

breathing as in Table 1 is displayed on 16x2 LCD. 

 
To verify the accuracy of the data analysis and display unit, the two input signals and output 

signal of the comparator circuit are simultaneously displayed on the digital storage oscilloscope 

(Agilent Technology) and breath rate per minute of the last two consecutive rising edges of square 

wave on the oscilloscope is calculated manually and compared with that displayed on the LCD as in 

Figure 15. (The experiment is carried out with deep and stable breathing in order that no fluctuation 

of expiration period is to be worried about and the voltage reference for comparator circuit is kept 

constant at 1 V). 

 

 
Figure 15. Verification of data analysis and display unit 
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Different speeds of respiratory cycle are blown into the microphone with resonance tube of 

length 50 cm and the breath rate per minute calculated manually from oscilloscope (BrPM = 

60/Period) are compared with the breath rate per minute from the LCD as in Figure 15 and the result 

is shown in Table 2. 

 
Table 2. Comparison of breath rate per minute. 

 
 

Speed of respiratory cycle Fast Normal Slow Critical No breathing 

Period (s, calculated) 2.7 3.9 6.6 17 65 

Breath per minute (calculated) 22.2 15.4 9.1 3.5 0.9 

Breath per minute 

(displayed on LCD) 
22 15 9 3 0 

 
Table 2 shows that the data analysis and display unit gives an accurate breath rate per minute as 

designed. The respiratory rate is designed to round up to the floor of the value calculated from the 

period of the two consecutive rising edges of square wave synchronized with respiratory cycle. The 

reason is for safety as can be seen in the case of no breathing in Table 2 where the respiratory rate 

calculated from the period of the two consecutive rising edges is 0.9, if it is rounded up to the ceiling 

of the value, it will be one breath rate per minute which may cause error in the interpretation and 

become too optimistic. 

 
▪ 3.4 Performance testing of the whole system 

 
After testing and fine-tuning of each units (gain of amplifier circuit changes from 33 to 100, 

time constant of envelope detector circuit from 0.47 s to 0.24 s, and reference voltage of comparator 

circuit from constant value of 1 V to variable value from Vref (low) = 0.21 V to Vref (high) = 0.83 V), 

the performance of the entire system is tested and compared with well-known respiratory rate 

monitoring device called capnography (Nagler et al. 2008) which detects end tidal CO2 density at the 

end of each expiration period. Capnography is normally used in intensive care unit and sleep study 

centre (Morley, 1990) and is usually considered as gold standard for respiratory rate measurement. 

 
The respiratory rate is measured simultaneously with the developed device using microphone 

with resonance tube and the capnography device using a non-dispersive infrared end tidal CO2 

sensor (Mainstream EtCO2, Wuhan Cubic Optoelectronics). The open end of the resonance tube is 

placed inside the airway adapter below the sensor not to obstruct the infrared beam. Different speed 

and level of respiratory cycles are blown directly from the mouth through the airway adapter and 

respiratory rate is measured simultaneously from the LCD and the capnography displayed on the 

notebook as shown in Figure 16. 
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Figure 16. Comparison of respiratory rate monitoring device between microphone with resonance 

tube and Capnography device 

 
The respiratory rate measured with the developed device using microphone with resonance tube 

results in good agreement with that measured with capnography device using a non-dispersive 

infrared end tidal CO2 sensor as an example shown in Figure 17. 

 

 
Figure 17. Example of comparison between respiratory rate measured with the developed device (on 

LCD) and with Capnography device (on the PC) 

 
From Figure 17, the respiratory rate measured with the developed device reads 10 Breath per 

minute (BrPM) while that with capnography device reads 11 BrPM. The 1 breath error can be 

attributed to the difference in the algorithm for calculating respiratory rate of the two devices. For the 

developed device using microphone with resonance tube, respiratory rate is calculated from the 

rising edges of the square wave pulse train pre-processed to be synchronized with the respiratory 

cycle. For the capnography device, respiratory rate is calculated from the end tidal CO2 density, thus 

it has to wait until the end of expiration period before the respiratory rate can be calculated. 

Therefore, the present value of 11 BrPM of the capnography device is the previous value of the 
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developed device using microphone with resonance tube as can be calculated from the period 

between the first and second rising edges. It can be concluded that the capnography device using 

non-dispersive infrared end tidal CO2 sensor responds to changes slower than the developed device 

using microphone with resonance tube. From the experiment with other different speed and level of 

respiratory cycles blown directly from the mouth through the airway adapter, the results show that 

after the respiratory cycle reaches constant value, both devices will show the same BrPM as shown 

in Figure 18 - Figure 21. 
 

 
Figure 18. Comparison between respiratory rates measured with the developed device and with 

capnography device at slow breathing (9 BrPM) 

 

 
Figure 19. Comparison between respiratory rates measured with the developed device and with 

capnography device at normal shallow breathing (15 BrPM) 

 

 
Figure 20. Comparison between respiratory rates measured with the developed device and with 

capnography device at fast breathing (22 BrPM) 
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Figure 21. Comparison between respiratory rates measured with the developed device and with 

capnography device at very fast breathing (98 BrPM) 

 
The results of performance test in Figure 18 - Figure 21 shows that respiratory rates measured 

with the developed device have the same value as those measured with capnography device. The 

results can be summarized as bar chart in Figure 22 to compare the breath rate per minute (BrPM) at 

different speeds of respiratory cycle between the developed device and with capnography device 

which results in the same value. 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 22. Performance Test of Respiratory Rate Monitoring Device using Resonance Tube against 

Capnography device. 

 
4. Discussion and conclusion 

 
The respiratory rate measuring device developed in this paper uses resonance effect of resonance 

tube to enhance the performance of microphone which, to the best of the author’s knowledge, has 

never been studied before. The distance that breath sound can reach microphone is much longer with 

resonance tube than without it. Recent study on respiratory rate estimation using built-in microphone 

of a smartphone shows that nasal sound can be accurately estimated as far as 30 cm away from the 

nose (Nam et al. 2016). But with the enhancement from resonance effect of resonance tube, the 
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microphone in the device developed in this paper can catch breath sound in the tube with normal 

breathing as far as 250 cm as already tested with nasal cannula as shown in Figure 11. 

 
Besides, this device can tolerate noises to the extent that it needs no complicated filtering system 

as is required in the cases of using built-in microphone of a smartphone (Nam et al. 2016) or using 

stethoscope-like chest piece made of microphone to detect respiratory sound via chest wall or the 

skin over trachea which are prone to noise from inside and outside the measured object (Cortes et al. 

2006). The respiratory rate measuring device developed here uses a simple algorithm to evade noise 

inside and outside the system by overcoming the contradictory requirement of reference voltage 

value for the comparator circuit (Vref must be low during expiration period and must be high outside 

expiration period, details as described in 3.2). Usually, this kind of problem is solved using trade-off 

or compromised with optimization method which cannot eliminate the source of noise completely 

and will need a filtering system in the latter state. It is the first time, also to the best of the author’s 

knowledge, that this contradictory requirement is overcome without compromise by deploying the 

principle of separation in TRIZ [18] by generating low reference voltage during expiration period 

and high reference voltage outside expiration period. This prevents errors from unstable expiration 

breath sound during expiration period and evades noise and artefact during inspiration and pause 

period as shown in Figure 19. 

 
From Figure 19, it is obvious that respiratory rates measured with the developed device can perform 

accurately compared with capnography device even in the case of shallow breathing of which the 

breath sound signal is very weak (10 mV) and full of fluctuation (yellow colour line). With the help 

of adaptive reference voltage (green colour line), no untimely square wave is mistakenly created 

during expiration period and no artefact square wave is erroneously created by noises during 

inspiration and pause period as happens between the second and the third breath in Figure 19. 

 
It is believed that this new approach of respiratory rate measurement using resonance tube and 

the creative noise evasion procedure will be useful and applicable to clinical diagnosis and health 

concerned society. Future work will be done to enhance the system to mobile application and to 

relate the amplitude of breath sound signal to airflow volume in order that it can measure airflow at 

shallow breathing or hypopnea which is necessary to calculate Apnea and Hypopnea Index (AHI) in 

sleep study. 
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Abstract 
 

Screws, nuts, etc. are processed in a polygonal shape. Polygonal shape processing is now widely 

used in the industry and is widely used. Generally, the shape of the processed polygon is slowly milled, 

and the polygon shape cannot be cut at one time, and the efficiency is low. Although special machines 

can be used to process polygonal shapes at one time, equipment is expensive and small factories are 

difficult to afford. In order to improve the cutting efficiency, the best way is to machine the polygonal 

shape at one time on any cutting machine. This paper uses a self-made power turret to match the 

rotation speed of the turret shaft and the workpiece shaft on any lathe to a certain rotation ratio. The 

turning is approximate to the polygonal shape, and the rapid cutting improves the efficiency. 

 
Keywords: Polygon, lathe, one-time processing. 

 

1. Introduction 
 

The lathe is one of the most used machines in the traditional working machine, and the cutting 

process is highly efficient. Conventional lathes and CNC lathes generally only work in symmetrical 

or cylindrical shapes. The turning and milling machine is powerful. In addition to the X-axis and Z- 

axis feeding, not only can the workpiece rotate, but the turning tool can also rotate, but the turret 

cannot rotate quickly. The turning and milling machine is processed by means of rotating the 

workpiece without moving the tool. Although the turning and milling machine can cut the shape of a 

polygon, the cutting speed is low and the efficiency is low because it is a milling machine. Turning 

and milling machines generally cannot cut out the polygonal shape at one time. If there is a special 

function of the turret to quickly control the rotation, it is generally a special machine, which is 

expensive. 

 
In this paper, the self-made power turret is used on an ordinary lathe with two tachometers to 

measure the rotation speed of the turret shaft and the workpiece axis, and adjust to a certain rotation 

ratio. This innovative machining method, although the edges of the turned polygon are convex or 

concave, can be quickly cut to improve the efficiency, and the polygonal shape of the approximate 

straight edge is turned at a time. 

Wei-Fang Chen*, Jung-Nan Chiu and Chia-Chien Liu 
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2. Literature Review 
 

Conventional lathes can be used to machine turning surfaces with a forming tool to enhance the 

functionality of traditional lathes (Moriwaki, 2008). The turning and milling surface can be used to 

machine spiral surfaces with equal cross-sections, even spiral surfaces with unequal cross-sections 

(Olgun and Budak, 2013). Modern numerical control mechanical lathes also have the function of 

milling machines, which become the CNC turning and milling machine, which has become a 

diversified processing mode, and the special functions of these models are similar to the installation 

of the fourth axis (Bono and Kroll, 2008). In addition to the lathe function, the turning and milling 

machine has the function of milling machine. In addition to the CNC lathe, the turning and milling 

machine can control the rotation of the workpiece axis, the X axis and the Z axis of the tool move, and 

increase the power of the tool to rotate or even the Y axis can move (Altintas et al., 2005a, 2005b). 

Chen and Liu (2018) explore manufacturing innovation on processing polygon with traditional lathe. 

 
Designing and manufacturing polygonal turning dynamic turret mechanism and polygon turning 

research and analysis, combined with software and hardware, is rare in the world. In this paper, the 

turning path is actually derived, and the polygon is cut once with two turning tools. The result is 

consistent with the theory. 

 
3. Two turning tools once cutting polygon theory 

 
The turning path of a turning tool for one cutting polygon can be referred to Chen and Liu (2018). 

When the number of revolutions of the turret is a multiple of 2 of the number of revolutions of the 

workpiece, the turning path of the first turning tool is rotated by 180 degrees to overlap the original 

turning path. If the two turning tools are evenly spaced by 180 degrees, the polygon is cut once, as if 

the path of the first turning tool is turned 180 degrees into the path of the second turning tool. 

 
This paper actually deduces the turning paths of the first and second turning tools. In the actual 

turning process, the turning path of the second turning tool is different from the turning path of the 

first turning tool. The turning path of the second turning tool is not to turn the turning path of the first 

turning tool 180 degrees, but to re-derive the second Turn the turning path of the turning tool. In this 

paper, the quadrilateral is cut once at twice the speed of two turning tools, and the turning results are 

in agreement with the theory. 
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Figure 1. Turning tool of counter-clockwise turning tool turret and workpiece 

 
As shown in Figure 1, the turning turret and the workpiece are rotated counterclockwise and 

rotate in the same direction. The rotation speed of the workpiece axis is α, the rotation speed of the 

cutter turret is β, the radius of the workpiece is a, the radius of the turning tool is b, the distance of the 

infeed is c, the distance between the cutter turret and the workpiece axis is d, and the tool center Pb(d,0), 

the starting tip P0(d-b-c,0) =P0(a-c,0), and the ratio of the rotation speed of β to α is i, that is, β= i α (i: 

the magnification of the rotation speed). 

 
The turning turret and the workpiece rotate in the same direction and rotate counterclockwise. 

Assume that the workpiece is stationary, which is equivalent to the turning of the turning tool and the 

turning tool turret. The center of the turning turret rotates clockwise around the center of the workpiece 

Q (0,0) at a speed of α, and then rotates counterclockwise around the center of the turning turret with 

β rotating speed. After the rotation of time p, the angle that is rotated clockwise with respect to the 

workpiece turret is t = αp. The angle at which the turning tool nose P(x, y) rotates counterclockwise 

with respect to the center of the turret is it=βp, and (i-1)t=(β-α)p. The workpiece is rotated one turn, 

and the turning turret rotates in the same direction. Considering the turning of the n-polygon, there are 

m turning tools on the turret and evenly distributed. The polygon turning n is the number of edges, and 

the ratio of the turret rotation speed β to the workpiece rotation speed α is i, then i = β / α = n / m . The 

number of sides of the turned polygonal workpiece is n=i*m, and the turret rotation speed β=i*α. The 

trajectory of the tool tip P(x, y) on the turning tool turret relative to the center Q (0, 0) of the workpiece 
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can be established. The trajectory of the first knife to the workpiece is P(x, y). The equation of P(x, y) 

whose angle t is the parameter is as follows: 

 
P(x,y)={ dcost-bcos[(i-1)t], -{(dsint+bsin[(i-1)t]}} (1) 

The trajectory of the second knife to the workpiece is P1(x1, y1). 

P1(x1, y1)={𝑑cost+𝑏cos[(i-1)t],−𝑑sint+𝑏sin[(i-1)t]} (2) 

 
4. Processing Results 

 
Two examples of a double-turn single-cut polygon are as follows. The workpiece material is ABS 

with a radius of rotation of 5.25mm and a diameter of 10.5mm. The rotational radius of the power 

turret is 52.0mm. 

 
A. Double turning tool once turned on both sides d=55.05mm, b=52.0mm, i=1 

 
The distance from the rotary turret of the power turret to the workpiece is 55.05mm, the radius of 

the feed is 2.2mm, and the rotational speed of the lathe is 1997 rpm. The speed of the turret is 1997 

rpm. The speed of the two is i = 1 times.The first tool nose point to the workpiece path equation is 

 
{−52+55.05cost,−55.05sint} (3) 

 
The resulting tool nose tip to workpiece trace pattern is shown in Figure 2. The second tool nose 

point to the workpiece path equation is 

 
{52+55.05cost,−55.05sint} (4) 

 
The resulting tool nose tip to workpiece trace pattern is shown in Figure 3. Figure 2 and Figure 3 

are combined as shown in Figure 4, a partial enlarged view is shown in Figure 5, and a finished product 

of turning is shown in Figure 6. 
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Figure 2. The first turning tool tip to the workpiece track graph 
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Figure 3. The second turning tool tip to the workpiece track graph 
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Figure 4. Two turning tool tip to workpiece path graph 

 
 
 
 

 

 

 

 

 

 

 

X mm 
 

 

 

 

 

 
 

 

 

 

 
 
 
 

Figure 5. Partial magnification trajectory diagram of two turning trajectories 
 
 

 
Figure 6. Finished photo of two turning tools 
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B. Double turning tool once turning quadrilateral d=55.75mm, b=52.0mm, i=2 

 
The distance from the rotary turret of the power turret to the workpiece is 55.75mm, the radius 

of the feed is 2.21.5mm, and the rotational speed of the lathe is 998 rpm. The speed of the turret is 

1996 rpm. The speed of the two is i = 12 times. The first tool nose point to the workpiece path equation 

is 

 
{3.75cost,− 107.75sint} (5) 

 
The resulting tool nose tip to workpiece trace pattern is shown in Figure 7. The second tool nose 

point to the workpiece path equation is 

 
{107.75cost, −3.75sint} (6) 

 
The resulting tool nose tip to workpiece trace pattern is shown in Figure 8. Figure 7 and Figure 8 

are combined as shown in Figure 9, a partial enlarged view is shown in Figure 10, and a finished 

product of turning is shown in Figure 11. 
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Figure 7. The first turning tool tip to the workpiece track graph 
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Figure 8. The second turning tool tip to the workpiece track graph 
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Figure 9. Two turning tool tip to workpiece path graph 
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Figure 10. Partial magnification trajectory diagram of two turning trajectories 
 
 

 
Figure 11. Finished photo of two turning tools 
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5. Conclusion 
 

In the finished product of Figure 11, the four corners are not right angles and each has a small 

angle to form a small side because the turning amount is insufficient. The radius of rotation of the 

turning should be greater than the radius of rotation of the workpiece. If the tool rotation radius is 

smaller than the workpiece, the one-turning feed is too large and may not be turned. 
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Abstract 
 

Roots blower wheel blades have two leaves, three leaves and even multiple leaves. The profile type of 
the Roots blower impeller is generally divided into three types of leaves, which are arc curves, 
involutes and cycloids. This paper combines theory with CATIA parametric variables and equation 
functions. It realizes CATIA parametric drawing and design for multi-blade circular arc type blower. 
Roots Blower arcuate profile drawing parameters established only once. This method has the 
functions of drawing, designing and analyzing, and can display the result and interference of the 
design quickly and instantly. The parametric design can greatly improve the design efficiency of the 
impeller. The idea of parametric modeling of arc impeller is proposed. Establish the flow of 
parametric design, drawing and analysis of the impeller. 
Keywords: Roots blower, impeller, parametric design 

1. Introduction 

The Roots blower has two identical rotors that are driven by a pair of synchronizing gears that 
are parallel to each other. The rotor is composed of an impeller and a shaft. The two impellers mesh 
with each other, and the two rotors rotate in opposite directions at the same speed. The intake and 
exhaust ports of the blower are not directly connected. The impeller and the casing wall panel enclose 
a closed volume. The geometry of the arc and the mesh of the meshing curve allows point contact 
between the rotors. The graph of the cross section of the rotor is called a leaf shape, and its outline is 
called a profile. A profile is a combination of a specific set of curves. The leaf shape is usually named 
after the name of one of the curves. The contours of the commonly used leaf shape are circular arc 
shape (Li, 2009), involute leaf shape (Spitas, 2007) and cycloidal leaf shape (Hsieh and Hwang, 
2008). The Roots blower is equipped with an impeller in the cylinder, and the impeller has two-blade, 
three-blade, and multi-blade rotors. The rotor is usually composed of an impeller and a shaft, and has 
an active and a follower. The blades of the two rotors are of the '8' shape. On both sides of the 
cylinder, a suction port and a discharge port are opened, and the two rotors are rotated in opposite 
directions by the action of a pair of synchronizing gears. The intermeshing operation of the two rotors 
isolates the suction orifice from the discharge orifice. The shape of the rotor has straight and twisted 
leaves, the two-blade rotors are straight leaves, and the three-blade rotor has two shapes of straight 
and twisted leaves. Generally, the three leaves are better than the two leaves, and the twisted leaves 
are superior to the straight leaves, but due to the limitation of processing conditions, the practical 
application is mostly straight leaves rotors. 

The rotor is the core component of the Roots blower. The key to the rotor is its profile. The outer 
contour of the rotor cross section is the profile of the rotor. Whether the rotor profile design is 
reasonable or not will directly affect the performance of the Roots blower. It is very important to 
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design and determine the profile of the rotor during the design of the Roots blower. The design 
between the outer casing and the rotor of the modified Roots blower is effective to improve the 
sealing performance. In this paper, we analyze and study the straight-blade curves equations of the 
two-leaf, three-leaf and multi-leaf arc curves. Establish rapid parametric drawing and design, and 
efficiently draw, design and analyze arc-shaped multi-blade Roots blowers. 

2. Parametric profile design of multi-leaf circular arc type Roots blower 

The key technology of the Roots blower is the design of the rotor, and the rotor profile will 
directly affect the performance of the Roots blower. The outer contour of the rotor cross section is the 
profile of the rotor. The profile of the rotor must be a conjugate curve. The most common rotor blade 
type is a circular arc leaf type. In the cross-sectional shape of the blade, the convex portion is called 
the peak, and the concave portion is called the valley. The symmetry line of the peak is called the long 
axis, and the symmetry line of the valley is called the short axis. When one rotor moves to each other, 
one blade peak collides with another blade valley. It is equivalent to having a circle of equal radius to 
make a pure scroll with each other. This two circle is called a pitch circle. The tangent point of the 
pitch circle is called the node. The peak is located outside the pitch circle, the valley is located within 
the pitch circle, and the peak is connected with the valley at the pitch circle. The angle between 
adjacent long axes on the cross section of the impeller is 180° for the two-leaf type and 120° for the 
three-leaf type. In order to have sufficient rotation angle to maintain communication with the pre-inlet 
flow passage, the three impellers rotate more smoothly than the two impellers, and the vibration noise 
is less. According to the smooth output and low noise, the three leaves are better than the two leaves, 
and the twisted leaves are better than the straight leaves. The peak of the circular arc type is an arc, 
and the valley is an arc envelope. The peak of the standard circular arc type, whose center is above the 
long axis, set number of blade is z, the radius of the outer circle is R, the radius of the peak is r, the 
center distance of the two blade is 2a, and the distance from the center of the peak to the center of the 
blade is b. 

 
r = R -b                         
   (1) 

2 2 2a +b -2ab ( )=r
2z

cos


                  

   (2) 
From equations (1) and (2), b and r can be obtained. 

𝑏 =
( [ ])

; 𝑟 =
[ ]

( [ ])
;         

   (3) 
The formula of the peak curve is 

2 2 2(x-b ) +(y-b ) =r
z z

cos sin
 

                  

   (4) 

a y R
2z z

sin sin
 

                     

   (5) 
The parametric equation of the leaf valley arc theoretical curve is as follows: 
x=2a -b (2 )-r

y=2a -b (2 )+r

cos cos cos

sin sin sin

  
                   

   (6) 
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0
2z

                                   

  (8) 
Convert to CATIA parameter equation is 
b=(R *R -a* a )/(2*(R -a*cos(PI/(2*z ))))        
   (9) 
r=(R *R +a *a -2*R *a *cos(PI/(2*z )))/(2*(R -a *cos(PI/(2*z ))))     
 (10) 
α=t*PI/(2*z)            
     (11) 
x=2*a*cos(t*PI/(2*z))-b*cos(t*PI/z)-r*cos(asin(b*sin(t*PI/z)-a*sin(t*PI/(2*z)))/sqrt(a*a+b*b-
2*a*b*cos(t* PI/(2*z))))           
    (12) 
y=2*a*sin(-t*PI/(2*z))-b*sin(-t*PI/z)+r*sin(asin(b*sin(-t*PI/z)-a*sin(-t*PI/(2*z)))/sqrt(a*a+b*b-
2*a*b*cos(t* PI/(2*z))))           
    (13) 

3. Processing Results 

If a=18mm, R=26.5mm, z=2, the blade of the circular arc type is as shown in Figure 1. If 
a=18mm, R=26.5mm, z=3, the blade of the circular arc type is as shown in Figure 2. If a=18mm, 
R=26.5mm, z=4, the blade of the circular arc type is as shown in Figure 3. If a=18mm, R=26.5mm, 
z=5, the blade of the circular arc type is as shown in Figure 4. If a=18mm, R=26.5mm, z=6, the blade 
of the circular arc type is as shown in Figure 5. If a=18mm, R=26.5mm, z=7, the blade of the circular 
arc type is as shown in Figure 6. If a=18mm, R=26.5mm, z=8, the blade of the circular arc type is as 
shown in Figure 7. 

 
Figure 1. The blade of the circular arc type of a=18mm, R=26.5mm, z=2 

 
Figure 2. The blade of the circular arc type of a=18mm, R=26.5mm, z=3 
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Figure 3. The blade of the circular arc type of a=18mm, R=26.5mm, z=4 

 
Figure 4. The blade of the circular arc type of a=18mm, R=26.5mm, z=5 

 
Figure 5. The blade of the circular arc type of a=18mm, R=26.5mm, z=6 

 
Figure 6. The blade of the circular arc type of a=18mm, R=26.5mm, z=7 

 
Figure 7. The blade of the circular arc type of a=18mm, R=26.5mm, z=8 

4. Conclusion 

Generally, the more the number of leaves of the circular arc type rotor, the larger the displacement, 
the smaller the noise, and the better the dynamic balance performance. 
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Abstract 
 

With the rapid development of modern technology, the requirements for improving the processing 

quality, precision and processing efficiency of parts are becoming more and more urgent. The 

application of complex spiral surfaces is becoming more and more extensive. The geometric accuracy 

of spiral surfaces is becoming more and more demanding. The wide application of spiral surfaces in 

engineering makes spiral surface manufacturing technology an important research topic in design and 

processing technology. This paper innovatively uses the differential geometry and envelope principle, 

combined with parameters and equation functions of CATIA, combined with parametric drawing and 

forming wheel design technology, to create double arc grooves and forming grinding wheels with fast, 

instant and high efficiency innovative design. The use of powerful graphics functions in reference 

variables and equations, complex mathematical operations and design simplification and efficiency. 

The techniques and methods of this paper not only speed up the design efficiently, but also complete 

the function of drawing entities. With the technology of 3D printing, the correctness of the theory and 

the parametric drawing can be verified. 

 
Keywords: Envelope principle, forming wheels, 3D printing 

 

1. Introduction 
 

Machining finished products need to be processed under qualitative and quantitative conditions 

to obtain stable quality and improve the reproducibility of processing. Machining must also be 

combined with mathematics. Theory and actual processing can be combined, and various theories and 

research methods can be used. The amount of processing of components with complex curved surfaces 

in mechanical manufacturing is increasing. Complex surface machining is a subject that combines 

multidisciplinary, comprehensive and practical. Combine theory with practice through mathematical 

modeling to provide an effective solution to improve processing technology. 

 
From the geometrical or structural characteristics of the surface being machined, complex 

surfaces can be divided into two categories. One type is a ruled surface or a spiral curved surface, such 
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as an impeller in various superchargers, a blade curved surface of a turbine, a screw, a spiral groove 

surface of an overall rotary cutter, and the like. The other type is a free-form surface where the principal 

curvatures at various points are changing, such as various stampings, mold surfaces of castings, and 

the like. During the cutting process, the rotary surface formed by the high-speed rotation of the blade 

produces an envelope surface in each stroke, and the entire processed surface is the envelope of these 

envelope surfaces. In the envelope and inverse envelope theory, the shaped grinding wheel is 

calculated from the angle defined by the groove shape and the angle of deflection of the actual 

machining. The spiral curved surface is ground by a forming grinding wheel at one time. In this paper, 

the design and drawing of double circular groove and forming grinding wheel are completed by theory 

and parametric drawing technique. 

 
2. Literature Review 

 
Professor Chen of the Department of Mechanical Engineering of Far East University had 

directed three master's theses of Yeh (2008), Kuo (2009) and Chen (2012) for the spiral curved surfaces. 

But the contents are not perfect. Many theoretical mathematics are too many and not very practical, 

and their applicability is weak. 

 
There are currently two definitions of the helix angle on the rotary helicoid surface. One 

definition is as in the literature (Yang et al., 1991; Lin et al., 2001) refers to the helix angle of the helix 

and the warp on the plane of revolution. Another definition is the helix angle of the helix on the plane 

of revolution and the axis of rotation as described in Chen (2006). The definition of the latter is easier 

to understand, and most of the current tool manufacturing plants use this definition. But this definition 

of mathematical calculations is the most complex, and the part of the undefined edge is also the largest. 

In addition, there is a discussion of the equal lead spiral (Liaw et al., 2007; Ren et al., 2001). 

 
3. Double arc groove spiral surface design 

 
Double arc groove is shown in Figure 1. A={R,0}, B=R{Cos[2π/n], Sin[2π/n]}, n is the number 

of grooves. The central angle of a groove is 2π/n. The maximum radius of the groove is R. The solid 

radius of the groove is r. The two arc radii of the groove are r1 and r2, respectively. The steps for 

designing the grooves of two arcs are as follows: 

 
1. First draw the three circles with the center (0,0) radius R, r and r+ r1. 

 
2. Draw a line segment with a radius of center (0,0) and radius R, this line segment has an angle of 

2π/n to obtain point B. 

 
3. With A={R,0}, B=R{Cos[2π/n], Sin[2π/n]} as the center, r1 and r2 for each radius draw a circle 

respectively. 
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4. Circle A and the circle of radius r+r1 intersect at point C, and point C is the center of the first arc. 

The first arc draws an arc with the radius r1 and the point A as the starting point. 
 

5. Point C is the center of the circle r1 + r2 for the radius, and the circle B intersects the point D. Then 

take the point D as the radius of the center, and draw the arc with the point B as the starting point, that 

is, the second arc must be tangent to the first arc. 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

Figure 1. Double arc groove 
 

4. Design of spiral surface and forming grinding wheel 
 

The spiral groove contour surface equation is {x(t), y(t)}, which makes it spiral motion. The 

surface equation of the spiral groove on the cylinder is: 
 

r  x( t )cos  y( t ) sin ,x( t ) sin  y( t )cos ,b  x* , y* ,z* (1) 

 

 is the angle of rotation, b is the spiral parameter, where T is the lead, also known as the pitch. R is 

the radius, φ is the helix angle and the relationship between the helix angle and the lead is: 
 

b  
T 
 R cot  

2


(2) 

B    r1+r2 

r+r2 

r2 
2π/n r1 

C 

r 
r1 
A(R,0) 

D     

 

r2 
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The design formula of the forming wheel is extremely complicated, and can be referred to the author's 

doctoral thesis. This article uses the drawing skills of CATIA software to draw some examples and 

provide an interesting reference. 

 
If the radius of outer circle is R=16mm, the radius of inner circle is r=10mm, the number of 

groove is n=3, the radius of first circle is r1=4mm, the radius of second circle is r2=26mm, helix angle 

is φ=60 degrees. Double arc groove is shown in Figure 2. A lead height spiral graphics is shown in 

Figure 3. A spiral solid graphics with a lead height is shown in Figure 4. 

 

 
Figure 2. Double arc groove graphic 

 
 

 

Figure 3. A lead height spiral graphics 
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Figure 4. A spiral solid graphics 
 

If the helix angle is φ=30 degrees and the spiral solid has 0.35 times lead height. It is shown 

in Figure 5. The relationship between the radius of the forming grinding wheel of 100 mm and the 

spiral solid is shown in Figure 6. The relationship between grinding wheel cross section and wheel 

axis is shown in Figure 7. The relationship between the radius of the forming grinding wheel of 60 

mm and the grinding position of the forming grinding wheel is shown in Figure 8. 
 

 
Figure 5. The helix angle is φ=30 degrees 
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Figure 6. The radius of the forming grinding wheel of 100 mm and the spiral solid 
 
 
 

Wheel axis 
 
 
 
 
 
 
 
 
 

Grinding wheel cross section 
 
 
 
 
 
 
 
 

Figure 7. The relationship between grinding wheel cross section and wheel axis 
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Wheel axis 
 
 
 
 
 

 

Grinding position of 
the grinding wheel 

 
 
 

 

Grinding wheel cross section 
 
 
 
 
 
 
 

Figure 8. The grinding position and grinding wheel cross section of the forming grinding wheel 
 
 

5. Conclusion 

The calculation, design and drawing of the forming grinding wheel are extremely complicated 

and difficult. This paper uses the theory and the complex drawing technique of CATIA software to 

innovate the grinding simulation of the complex spiral body. It can be seen from the figure 8 that the 

grinding position changes at any time, and the cross section of the forming grinding wheel not a real 

contact line. 
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Abstract 
 

The applications of internal-meshing rotary mechanisms use commonly compressor and pump. 

Internal-meshing rotary gears can sustain the high pressure and the high pressure difference, and large 

swept volume, easy manufacture and so on. This paper researches a new type of rotary mesh gears 

pump with one tooth difference. The profile of the inner rotor is the equidistant line of short frame 

outer cycloid and the profile of the outer rotor is multi-segment arcs. The inner rotor and outer rotor 

rotaries rotate around their own geometry center, small variation in torque. This paper researches the 

generation of the profiles and geometric relationship in pump, the basic meshing properties of gears, 

the radius of the pitch circles, the position of the instantaneous center and the valid meshing range of 

the tooth head arc and so on. One tooth difference of rotary pump profile has four parameters of 

eccentric distance, number of teeth of the inner rotor outer gear, position radius of the center of the 

outer rotor root circle and radius of the outer rotor root circle. This article uses these four parameters 

to establish the contour of one tooth difference of rotary pump, and uses the CATIA parameter and 

equation drawing function to complete the high-speed and immediate design of the   one tooth 

difference of rotary pump. 

 
Keywords: Internal gear pump, one tooth difference, mesh, equidistant curve 

 

1. Introduction 
 

Gear pump can be divided into two categories: external gear pump and internal gear pump. 

Compared with the external gear pump, the internal gear pump has the advantages of small size, light 

weight, good self-priming performance, small flow pulsation and small noise. The involute gear has 

the advantage that the gear ratio remains constant when the center distance is changed. In recent years, 

the rapid development of numerical control technology has solved the manufacturing problem of 

cycloidal gears. The cycloidal meshing has been applied and developed in various types of cycloidal 

pumps. Research on non-involute gear pumps is on the rise. 
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Gear pumps have many forms. According to the tooth profile curve, it can be divided into an 

involute tooth profile and a cycloidal gear pump. According to the form of gear meshing, it can be 

divided into two types: external gear pump and internal gear pump. According to the number of 

meshing gears, it can be divided into two gears and multiple gears. According to the number of stages, 

it can be divided into single-stage gear pump and multi-stage gear pump. The external gear pump 

adopts an involute tooth shape, and the internal gear pump can adopt a cycloidal tooth shape in addition 

to the involute tooth shape. The structure of the internal gear pump is mainly composed of two 

eccentric rotors, one of which is an active rotor, which pushes another passive rotor, and the inner and 

outer rotors form a plurality of closed working chambers through a plurality of meshing points 

contacting each other. 

 
2. Literature Review 

 
Daniele (2001) studied the conditional envelope formation of the cycloid pump and the envelope 

to avoid the singularity of the singularity. John (2005) studied the internal gear pump for thin liquids. 

Fong (2002) explores the mathematical model parameters of the linear gear profile of the internal gear 

pump. Yang (2007) explores the relationship between internal gears and asymmetric involute gears. 

James (1999) studied rotary volumetric pumps. Hwang (2007) studied the problem of singular points 

of the cycloidal internal gear. Hwang and Chen (2017) studied the design of the shape of rotary pump. 

Pan (2017) studies and design of the shape of rotary pumps. 

 
The inner and outer rotor gears of the internal meshing cycloidal gear pump, one for the driving 

wheel and the other for the passive wheel, the inner and outer rotor gears can be used as the driving 

wheel or as the passive wheel. The main parameters of the one tooth difference of cycloidal rotary 

pump contour design are four: the eccentric distance is e, the inner rotor outer gear teeth are z, the 

outer rotor root circle center radius is C, the outer rotor root circle radius is a. This paper uses these 

four parameters to establish the contour of one tooth difference of rotary pump, and uses the CATIA 

parameter and equation drawing function to complete the high-speed and immediate design of the 

contour of one tooth difference of rotary pump. 

 
3. The profile design of one tooth difference rotary pump 

 
The internal rotor of the internal gear of a tooth difference gear pump is a trochoid curve. The 

inner rotor of the rotary pump is an equidistant line of short external cycloidal lines. The outer rotor 

of the rotary pump is a multi-section circular arc line. The inner and outer rotor profiles of the rotary 

pump are conjugate curves. The outer rotor arc teeth are engaged within a certain range. The inner 

rotor gear drives the outer rotor gear to rotate. The inner and outer rotors of a tooth difference rotary 

pump rotate around their respective centers without eccentricity problems. The inner and outer rotor 

gears of the rotary pump have one tooth difference, the inner and outer rotors rotate in the same 

direction around their respective centers, and the inner rotor simultaneously meshes with the arc gear 
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Rr=C+2e−a 

e 
a 

C 

 
 

of the outer rotor. The relationship between the four parameters of the one tooth difference rotary pump 

is shown in Figure 1. 
 

 

 

Figure 1. Relationship between parameters and rotary pump profile shape 

 
The CATIA equation for the short outer cycloid normal equidistance curve, ie the inner rotor 

contour, is: 

 
x=C*cos(t*2*PI)+e*cos((z+1)*t*2*PI)-(a*(C*cos(t*2*PI)+e*(z+1)*cos((z+1)*t*2*PI)))/ 

(sqrt(C*C+e*e*(z+1)*(z+1)+2*C*e*(z+1)*cos(z*t*2*PI ))) (1) 

 
y=C*sin(t*2*PI)+e*sin((z+1)*t*2*PI)-(a*(C*sin(t*2*PI)+e*(z+1)*sin((z+1)*t*2*PI)))/ 

(sqrt(C*C+e*e*(z+1)*(z+1)+2*C*e*(z+1)*cos(z*t*2*PI))) (2) 

 
In the profile shape of the one tooth difference rotary pump, the center of rotation of the inner 

rotor is taken as the origin (0, 0). Then, the outer rotor rotation center is (e, 0), and e is the eccentricity. 

The number of internal rotor teeth is z and the number of internal gear teeth is z+1, and the ratio of the 

inner rotor speed to the outer rotor speed is z+1:z. The outer rotor is not stationary, with (e, 0) as the 

center of rotation, and the outer rotor center of rotation (e, 0) is rotated about the inner rotor rotation 
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center (0, 0). The outer rotor has z+1 teeth divided into z+1 segments, and each segment is divided 

into two parts: a root circle and an addendum circle. The center of the addendum circle is at coordinates 

(e, 0), the radius of the addendum circle is Rr=C+2e−a, the starting angle ψ1 and the end angle ψ2, and 

the formula is: 

 
ψ1= acos((Rr*Rr +C*C- a*a)/(2 *C* Rr)) (3) 

 
ψ2=(2*PI/(z+1))-acos((Rr*Rr +C*C- a*a)/(2 *C* Rr)) (4) 

 
The center of the root circle is located on a circle with a radius C, and its radius is a, the starting 

angle ϕ1 and the ending angle ϕ2, and the formula is: 

ϕ1= PI-acos((a*a+C*C-Rr*Rr)/(2*a*C)) (5) 

 
ϕ2= PI+acos((a*a+C*C-Rr*Rr)/(2*a*C)) (6) 

 
The center of the inner rotor is the origin, and the center of the outer rotor is {e, 0}. The center of the 

outer rotor rotates around the center of the inner rotor. The center of the root circle of the outer rotor 

is located on a circle with a radius C. The center of the tooth tip circle is at coordinates (e, 0), and the 

radius of the addendum circle is Rr=C+2e−a. The radius of the outer rotor addendum circle 

Rr=C+2e−a determines the size of the outer rotor. When the creation distance C and the eccentricity e 

are larger, the circle radius a is smaller, the radius Rr of the outer rotor addendum circle is larger. 

 
4. Simulation Results 

Table 1. z, ϕ2,ψ2 and the contours of one tooth difference rotary pump 
z ψ2 (deg) The contours of one tooth difference rotary pump 

1 170.823 Shown in Figure 2 

2 110.823 Shown in Figure 3 

3 80.823 Shown in Figure 4 

4 62.823 Shown in Figure 5 

5 50.823 Shown in Figure 6 

6 42.251 Shown in Figure 7 

7 35.823 Shown in Figure 8 
 

When z changes, it does not affect Rr, ϕ1, ϕ2, ψ1, but it changes ψ2. If C=50mm, a=8mm, e=4mm, 
we can get Rr=50mm, ψ1=9.177deg, ϕ1=94.589deg, ϕ2=265.411 deg. The change of z, ψ2 and the 
contours of one tooth difference rotary pump are shown in Table 1. 
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Figure 2. The contours of one tooth difference rotary pump z=1, C=50mm, a=8mm, e=4mm 
 

 
Figure 3. The contours of one tooth difference rotary pump z=2, C=50mm, a=8mm, e=4mm 

 

 
Figure 4. The contours of one tooth difference rotary pump z=3, C=50mm, a=8mm, e=4mm 

 

 
Figure 5. The contours of one tooth difference rotary pump z=4, C=50mm, a=8mm, e=4mm 
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Figure 6. The contours of one tooth difference rotary pump z=5, C=50mm, a=8mm, e=4mm 
 
 

 
Figure 7. The contours of one tooth difference rotary pump z=6, C=50mm, a=8mm, e=4mm 

 
 

 
Figure 8. The contours of one tooth difference rotary pump z=7, C=50mm, a=8mm, e=4mm 

 
 

5. Conclusion 

The center of the root circle of the outer rotor is located on a circle with a radius C. When the 

number of teeth is fixed, the larger the C, the larger the inner rotor becomes smoother and the tooth 

thickness of the outer rotor becomes thinner. If C is fixed, the outer rotor of the rotary pump has a 

fixed number of teeth and the more the tooth shape is curved. When the radius a is larger, the outer 

root of the outer rotor is thicker and the outer shape is smaller, and the turning point at the inner corner 

of the inner rotor is larger. 
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A New Process Model for Technology Forecasting 
 

 

 

 

 

Abstract 
 

Innovative design is the key to improve the market competitiveness of developing countries and 

emerging economies. The uncertainty of future development is a difficult problem in the design 

process. Therefore, technology forecasting is introduced as a means of aided design. In this paper, a 

new process model of technology forecasting is proposed, which mainly includes two parts: technical 

necessary feature and development trend of technology. The new model combines the advantages of 

qualitative methods and quantitative tools, and has a certain reference value for the actual production 

of relevant enterprises. 

 
Keywords: Technology Forecasting, User Need, Patent Analysis, Cutting Machine 

 

1. Introduction 
 

Developing countries and emerging economies are at a disadvantage in international competition, 

and innovative design gives them the opportunity to catch up with or even surpass the leaders in a 

relatively short time. The focus of product design has changed from meeting the current needs of users 

to forecasting the future needs of users. The feasibility of technology forecasting represented by Delphi 

method has been proved in practical application. However, the existing research on technology 

forecasting generally stays at the macro level of the country or industry, and the forecasting of specific 

product design is less. Therefore, it is a meaningful work to introduce technology forecasting from 

management discipline to engineering field. 

 
Technological system will be affected by various uncontrollable factors in the process of 

development, which leads to the general belief that innovation can only rely on the occasional 

inspiration of a few geniuses. However, Altshuller, the founder of TRIZ theory, found that the 

technological system had a relatively fixed evolutionary trend through the analysis of more than 2 

million patent documents in the world. He also found that the evolutionary laws and evolutionary 

routes summarized in one engineering field could also be applied in another engineering field. The 
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development of technology system follows certain objective laws, which is the basis of technology 

forecasting. 

 
This paper introduces the research status of technology forecasting, and divides it into two parts: 

technical necessary feature and development trend of technology. On the one hand, it collects the user 

needs, uses KANO model and QFD to transform, and extracts some new technical features. On the 

other hand, it summarizes the relevant patent data, clarifies the life cycle of the target product, and 

considers the influence of external factors on the development trend of technology. In this paper, a 

complete process model for technology forecasting is presented, and the validity of the model is 

verified by the design of cutting machine. 

 
2. Technology Forecasting 

 
▪ 2.1 Definition of Technology Forecasting 

 
Technology forecasting first appeared in the 1950s in the United States Department of Defense, 

the purpose is to get the military technology development direction. Over the next decades, inter-state 

military and economic competition, especially in the field of aerospace, promoted the development of 

technology forecasting. Since the 1970s, technology forecasting has entered the commercial field to 

forecast the hot spots in the consumer market. By the 1980s, many countries began to carry out 

largescale forecasting activities. By 2016, Japan has made 10 times technology forecasting covering 

the whole country, and achieved a lot of results. 

 
So far, there is no uniform definition of technology forecasting. The literature (Jun, Sung, etc., 

2012) proposes that technology forecasting attempts to discover the trend of future technology 

development from existing information, and obtains a logical and quantitative estimation of technical 

parameters, features and function changes and time. The literature (Yoon and Lee, 2012) points out 

that the goal of technology forecasting is to forecast the direction and speed of technology 

development trend, and to discover revolutionary technology earlier. Technology forecasting is an 

inevitable process of formulating successful policies in meeting public and private needs. The 

literature (Chen, Lin, etc., 2012) proposed that technology forecasting is to forecast the future 

development of specific technology, providing reference and early warning signals. It supports 

enterprise decision-making by identifying technical bottlenecks and specifying alternatives to 

implementation. The literature (Ercan and Mustafa, 2013) proposes that technology forecasting is a 

kind of method to forecast the features and generation time of potential technology, which can be used 

to forecast the state, parameters and changing trend of technology. 

 
To sum up, this paper defines technology forecasting as a research activity for designers to 

reasonably infer the future of technology and propose feasible solutions based on reliable product data 

collected and the impact of the social environment before technological innovation occurs. Technology 

forecasting is gradually becoming an important driving factor affecting the direction of industrial and 

technological development. It has been used by many companies to formulate strategies for enterprise 
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technology R&D, as well as by the government to guide the formulation of relevant technology and 

industrial policies. 

 
▪ 2.2 Technical Necessary Feature 

 
Two main problems to be solved in technology forecasting are: what are new technologies? When 

will new technologies emerge? For the first question. It is unrealistic to acquire complete new 

technology from scratch, because it is difficult for designers to fully grasp the large amount of expertise 

involved in the target product. We can lower standards and acquire the necessary features for the next 

generation technology to help with the current design tasks. Unlike biological evolution, there are no 

worthless features in the development of technological systems. It is reasonable to extract the 

necessary features of new technologies from the user needs. 

 
Researchers have long recognized the importance of user needs in product design. Most of the 

needs put forward by users have the features of fuzziness and incompleteness, which makes it very 

difficult to collect and analyze the needs. The literature (Liu, Jin, etc., 2013) proposes a systematic 

method to deal with the changing trend of user Need in QFD from the perspective of relative weight 

of user Need. By constructing AHP dynamic model based on the ranking of Need importance, the 

uncertain user Need can be transformed into product design attributes more comprehensively. The 

literature (Liu, Lim, etc., 2013) proposes the concept of Kansei engineering, which quantifies user 

emotions and needs. The literature (Desmet, 2012) applies TRIZ theory to tap the potential needs of 

users, and puts forward a method to acquire the implicit needs of users based on TRIZ theory. The 

literature (Wang and Chin, 2011) proposes a linear goal programming method to calculate the relative 

importance of user needs. The literature (Mann, 2011) Based on the study of the interaction between 

users and products, user needs are divided into aesthetic level, meaning level and emotional level. The 

literature (Raharjo, 2013) establishes need ontology, and uses concept similarity to mine user needs. 

 
After collecting the user needs, this paper uses KANO model to classify. KANO model is based 

on the impact of user needs on satisfaction, which reflects the non-linear relationship between product 

performance and user satisfaction. The impact of each need on the final design is different, so it is 

necessary to rank the acquired user needs according to their importance. Only when user needs are 

translated into specific technical features can the design work be effectively guided. QFD, as a 

structured analysis tool to establish the relationship between user needs and technical features, can 

effectively realize the transformation between them. The transformation process is not a simple one- 

to-one correspondence, and their relationship can be expressed by correlation coefficient. After 

calculation, only those technical features that meet certain standard can be recognized as necessary 

features. 
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Figure 1. Four kinds of needs in KANO model. 

 
▪ 2.3 Development Trend of Technology 

 
Aiming at the second question. Forecasting the market data of American music carrier is a classic 

example in the field of technology forecasting. In that study, the time node of the next generation 

music carrier was proved to be inaccurate, but the development trend of MP3 technology basically 

accords with the curve drawn at that time. Therefore, if the relevant enterprises can grasp this situation 

in advance, it is very helpful to formulate development strategies. In quantitative forecasting, S-curve 

model has been proved to be effective in forecasting technological progress. The feature of this curve 

is that it begins to rise slowly, then increases exponentially, and finally slows down and reaches its 

maximum. Development of technology system is limited by available resources, which reflects the 

product life cycle. 

 
The theory of product life cycle holds that every product is alive. After being introduced into the 

market, products must go through four stages: Infancy, Growth, Maturity and Recession. The 

expression of the S-curve is as follows: 
 

N(t)  K / [1 exp(t   )] 
 

(1) 
 

Among them, K is the growth limit. Alpha is the rate of change of growth rate. Beta is the 

inflection point when the curve reaches half of its maximum value. Using Fisher-Pry logic substitution 

model, S-curve can be linearized. The formulas are as follows: 
 

N '(t)  F(t) / [1 F(t)] (2) 
 

When the total amount is fixed, N'(t) is the ratio between occupancies. After transformation, the 

following results are obtained: 
 

log[N '(t)]  t  

(3) (3) 
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Figure 2. Four phases of product life cycle. 

 
The life cycle of the target product is judged mainly according to four indicators: the number of 

patents, patent grade, product performance and profitability. Limited to the research conditions, it is 

more appropriate to analyze the patent. Moreover, the decision-making based on patent documents 

will not be affected by the designer's subjective emotions. The literature (Li and Tate, 2010) Based on 

axiomatic design framework and natural language processing method, functional needs and design 

parameters are extracted from patent documents. The literature (Liang, Liu, etc., 2009) establishes a 

three-tier design rule representation model, including problem layer, design layer and component layer. 

Relevant design knowledge is extracted from a single patent document, and a design rule network is 

constructed with multiple patent documents. The literature (Nanba, Fujii, etc., 2008) uses IPC 

classification rules to cluster patent documents in order to understand and expand the technical features 

of patents. The literature (Soo, Lin, etc., 2006) uses pre-established rule base to extract technical terms 

and structural principles from patents, and constructs a collaborative design system based on TRIZ 

theory for innovative design. 

 
3. Process Model 

 
Technology forecasting is a complex activity. To obtain reliable forecasting results, professional 

research teams need to be set up. The staffing includes designers, producers and salespeople who can 

guide the forecasting work from different perspectives. Designers have theoretical knowledge and 

design experience. Manufacturers are familiar with production processes and manufacturing costs. 

Salesmen pay attention to the use of experience and product appearance. Team members need to gather 

information together, understand how the product runs, and make a reasonable assignment of work. 

 
There are many ways to obtain user needs, and the methods of user interviews and online reviews 

have been widely used. Collected user needs are summarized in a table and the KANO questionnaire 

is produced. Based on user feedback, needs can be divided into four categories: attractive need, 

performance need, Must-Be need and indifferent need. In fact, it's very difficult for us to get the 

attractive need from the questionnaire, because users can't know in advance what features will make 
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them feel "surprise". First, new product should meet the user Must-Be need and ensure that the 

problems raised by users are solved. Secondly, we should try our best to meet the performance need 

of users and occupy an advantage in business competition. Last, the indifferent need has little effect 

on the satisfaction of users, so the category coefficient of the above three need are 3, 2 and 1 in turn. 

 
We need to build a house of quality (HOQ) for the target product, as shown in Figure 3. The first 

column on the left is user needs, and the second column is the category score of each need. This score 

is the product of the number of times the need is mentioned and the need category coefficient. Roof is 

some technical features extracted from needs. The main body of the house is correlation coefficient 

matrix: 4 for strong correlation, 2 for weak correlation and 0 for uncorrelated. The first layer of 

foundation is the total score of each technical feature. The second layer of foundation is the ranking 

of technical features. According to Pareto’s principle, only the top 20% features can be identified as 

necessary feature. 
 

 

Figure 3. General structure of HOQ. 

 
The emergence of necessary features puts forward higher requirements for technology systems, 

so new problems brought by new features should be solved. The mature conflict resolution tools in 

TRIZ theory can be introduced, including ARIZ algorithm, contradiction matrix, four separation 

principles, 76 standard solutions and effect libraries. Designers should choose appropriate tools 

according to the specific situation of the contradiction, so as to solve the problem efficiently. Using 

TRIZ tools, many conceptual solutions can be obtained, so it needs to be evaluated. The forecast results 

are presented in the form of a radar chart and the best result is fed back to the relevant enterprise. 

 
There are many external factors affecting the development of technology systems. First, 

technology diffusion. Technology diffusion refers to the time required to enter the market from the 

first feasible prototype to the first conventional product. Camera has gone through 112 years from a 

laboratory invention to an ordinary commodity. With the development of society, the speed of 

technology diffusion is faster and faster. The technology diffusion of lead storage batteries takes 79 

years, the technology diffusion of steam locomotives takes 55 years, and the technology diffusion of 

electric welding guns takes 49 years. Now some companies directly test new products in small-scale 

markets, many common technologies are just born in recent years. Second, enterprise competition. 

Competitive relationship among enterprises will affect the investment in technology R&D and the 
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birth of new technology. The technological development speed of Blue Sea enterprises is relatively 

slow, and the technological iteration speed of Red Sea enterprises is relatively fast. Competition is not 

only bad, fierce competition will also accelerate technological maturity. Third, the economic cycle. 

Since the Industrial Revolution, the world's economies have experienced several ups and downs. Some 

experts have found that the curve of social economic level and technological development is roughly 

consistent, which proves that technological innovation is related to the stage of economic development. 

If we understand the economic situation in related fields, we can better grasp the development trend 

of technology. 

 
The complete process model for technology forecasting is shown in Figure 4. In the next section, 

we will use the example of the cutting machine to further introduce the use process. 
 
 

 
Figure 4. Complete process model. 

 

4. Case Study 
 

As shown in Fig. 5, cutting machine is widely used in industrial production. Although it is cheap 

and easy to operate, there are still many problems, such as low cutting efficiency, poor processing 

accuracy, serious waste of materials, etc. Function model is a tool to analyze problems in TRIZ theory. 

It clearly shows the relationship between parts. As shown in Fig. 6, non-standard effects mainly occur 

around the pipe fitting. 
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Figure 5. Cutting machine. 
 
 

 
Figure 6. Function model. 

 
With "cutting machine" as the key word, the IPC classification number is selected as 

B23/B24/B26 and searched on patsnap. From 2008 to 2017, the statistical results of related patent 

documents are as follows Table 1. It can be concluded that the product is in the growth stage of its life 

cycle. 

 
Table 1. Status of patent applications. 

 
 

Year Number Stage 

2008 9  

 
Infancy 

2009 17 

2010 31 

2011 43 

2012 36 

2013 28 

2014 75  
Growth 2015 95 

2016 105 

2017 154 
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The team conducted a week-long market research. Some members visited nearby construction 

sites, small factories and hardware markets. Another group searched two major e-commerce platforms 

in China: Taobao.com and JD.com to collect user reviews of cutting machine. After removing 

repetitive content, the user needs are summarized in Table 2. The KANO questionnaire as shown in 

Figure 7. A total of 30 questionnaires were distributed and 23 valid questionnaires were regained. The 

statistical results are shown in Table 3. 

 
Table 2. Summary of user needs. 

 
 

No. Description 

1 Metal materials with different shapes can be cut 

2 Reduce cutting time 

3 Improvement of Surface Parameters of Pipe fitting 

4 Reduce noise during cutting 

5 Pipe fitting will not loosen during cutting 

6 Reduce the manpower required for cutting 

7 Reduction of chips during cutting 

8 Cutting angle can change continuously 

9 Improving the degree of automation of machines 

10 Improving the sharpness of cutting tools 

 

 
Figure 7. KANO questionnaire. 

 
Table 3. Classification of user needs. 

 
 

No. Attractive Performance Must-Be Indifferent Result 

1 1 6 4 12 I 

2 0 3 13 7 M 

3 1 7 9 8 M 

4 2 12 4 5 P 

5 1 4 11 7 M 

6 3 6 4 10 I 
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7 0 14 3 6 P 

8 2 7 5 9 I 

9 2 10 5 6 P 

10 1 5 4 13 I 
 

Relevant technical features are extracted from needs, as shown in Table 4. In order to express the 

relationship between user needs and technical features, the HOQ of cutting machine is established, as 

shown in Table 5. After calculation and sorting, the necessary features of cutting machine are 

determined as 1 and 7. Taking the realization of necessary features as an invention problem, three 

feasible conceptual designs are obtained by using TRIZ tools. According to the following six indicators 

to evaluate: Maintainability, Reliability, Portability, Beauty, Safety and Economics. The evaluation 

results are shown in Figure 10. Design 3 ranked first. 

 
Table 4. Technical features. 

 
 

No. Description No. Description 

1 Special fixture 6 Multiple knife 

2 Sensor 7 Pipe fitting rotation 

3 Knife movement 8 Cooling device 

4 Lubricating device 9 Multiple fixtures 

5 New material 10 Grinding device 

 
Table 5. HOQ of cutting machine. 

 
 

Need 

 
No. 

Category 

 
Score 

Technical features 

1 2 3 4 5 6 7 8 9 10 

1 12 4 0 0 0 0 2 0 0 0 0 

2 39 0 0 2 0 0 2 4 0 0 0 

3 27 0 0 0 2 2 0 0 2 2 2 

4 24 0 0 0 2 2 0 0 0 0 0 

5 33 4 0 0 0 0 0 0 0 2 0 

6 10 0 2 0 0 0 0 4 0 0 0 

7 28 0 0 0 2 0 0 0 2 0 0 

8 9 2 0 2 0 0 0 0 0 0 0 

9 20 0 4 2 0 0 0 2 0 0 0 

10 13 0 0 0 2 2 0 0 0 0 0 

Total score 198 80 156 184 128 102 236 110 120 54 

Rank 2 9 4 3 5 8 1 7 6 10 
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Figure 8. Design 1. 
 
 

 
Figure 9. Design 2. 

 
 

 
Figure 10. Design 3. 
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Figure 11. Design evaluation result. 
 

5. Conclusion 
 

Innovation is the key to differentiated competition in commodities, which is more important for 

developing countries and emerging economies. The needs of users are constantly improving, but the 

resources that enterprises can invest in new product development are limited. In this paper, a new 

process model for technology forecasting is proposed to deal with the above-mentioned conflicts in 

the design stage. The model combines the advantages of quantitative tools and qualitative methods, 

and is helpful to the design of products in different life cycles. In order to improve the accuracy and 

efficiency of technical forecasting, the next step is to expand the sources of reference data and compile 

auxiliary design software. 
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Abstract 
 

How to increase the impact of TRIZ transfer to industries is a difficult situation in the TRIZ 

community in the world today. After TRIZ is introduced into China the same situation is faced in 

industries. This paper firstly identifies the obstacles of TRIZ transfer processes and then introduces C- 

TRIZ that is further development of TRIZ in China. MEIM which is a mass-engineer oriented training 

model is then constructed to support the transfer of C-TRIZ/TRIZ. Some outputs of transfer classes 

are demonstrated under the interacted environment of local governments, intermediary agencies, 

university and companies. The study shows that a new pattern for innovation, mass-engineer-invention 

driving innovation, is formed, which is a low cost and suitable for the C-TRIZ/TRIZ transfer to the 

industries in China. 

 
Keywords: TRIZ, C-TRIZ, technology transfer, innovative engineers, low cost innovation 

 

1. Introduction 
 

Technology transfer is the movement or flow of technical knowledge, data, designs, prototypes, 

materials, inventions, software, and/or trade secrets from one organization to another organization or 

from one purpose to another purpose. TRIZ (Altshuller, 1984, 1999), the theory of inventive problem 

solving, was invented and developed by Altshuller in USSR and transferred to the western world in 

1991, South Korea in 1999, and then into China (Souchkov, 2016). In TRIZ there are basic concepts 

and tools for solving inventive problems to form new ideas and later the ideas are transformed into 

inventions and innovations. In the world today TRIZ has been applied in many companies in their 

innovation processes, such as in BMW, Boeing, European Space Agency, Ford Motor, General Electric, 

Philips, Xerox (Souchkov, 2016). 

 
In 2008, the ministry of science and technology of China made a plan to transfer the enabling 

technologies of invention and innovation to the industries nationwide in order to increase their 
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innovation capabilities. TRIZ was selected as a key enabling technology to be transferred. But the 

transfer models or patterns are needed to make selection and determination. 

 
From literatures there are several papers to show the transfer activities, mainly the training, 

including courses study and problem solving. Kamal et al. (2012) study the impact of TRIZ training 

on creativity and innovation of engineers in companies, and indicate that participation in TRIZ training 

led to short-term improvements in both the creative problem solving skills and motivation to innovate, 

and these are associated with longer term improvements in their idea suggestion in the workplace. 

Nakagawa (2011) shows the experiences training engineers successfully to solve real unsolved 

problems using TRIZ in Japan. Lilly (2015) state that training of TRIZ influence the two stages of 

innovation: idea generation and idea implementation. Hernandez et al (2013) show that TRIZ does 

improve the ideation effectiveness metrics novelty and variety while slightly reducing quantity when 

compared to a control group using ad hoc ideation methods for university students. Through a survey, 

Imoh et al. (2013) conclude that the application of TRIZ leads to more effective inventive teamwork, 

faster ideation, foreseeing how technical systems and technologies develop, but there are some 

challenges associated with TRIZ, and understanding TRIZ an “inordinate time requirement”. The 

training activities above show that there is no one pattern to be accepted by companies as a best one 

in the world. 

 
Souchkov (2016), a TRIZ Master, declared that TRIZ was not ready to be implemented in the 

business processes of organizations and the reason was that the effectiveness of TRIZ implementation 

in industries was low. 

 
All the research result shows that the classic TRIZ should be developed further in order to make 

the methodology to be suitable to the wide industrial application. The more suitable patterns to transfer 

the TRIZ to the companies need to be created to meet the urgent need for innovations in industries in 

the world. But the formation of a new pattern to transfer TRIZ to the industries is a challenge because 

the progress is unclear after the implementation for many years in the TRIZ community in the world. 

 
The target of TRIZ transfer to companies in China are generation of innovative engineers and 

new technologies, new processes, and if possible some new products. In the literature (Livesay, 1996), 

inventors are classified into five categories related to the innovation process, namely entrepreneurs 

with technology, industry-specific inventors, professional inventors, grantsmen, and inveterate 

inventors. We define that an innovative engineer is an industry-specific inventor, who has specific 

technical improvements for product designs or processes in their workplaces during the period of one 

transfer program. 

 
In the current study the C-TRIZ, the further development of TRIZ in China, is presented first. 

Then the rout to transfer TRIZ to the companies in the environment of local government, intermediary 

agencies, university and companies from industries is determined. Some transfer results in companies 

are demonstrated. A new pattern for C-TRIZ/TRIZ transfer appears gradually. 
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2. Methodology 
 

▪ 2.1 The enabling technology to be transferred 
 

In order to meet the needs of the target to transfer the TRIZ to the companies the classic TRIZ 

must be developed further. The reason is that the transfer process should not be closed as a separated 

activity for talent training and innovation. It must be integrated with the innovation process that is 

implemented in the companies. 

 
The classic TRIZ is a self-contained system. The input is an inventive problem and the output is 

the solutions of that problem. For TRIZ Masters or men of superior attainments in the world they have 

capabilities to connect the TRIZ process with the innovation processes implemented in different 

companies. They have created many inventions which have transformed to several innovations in past 

years. But for general persons they have no capabilities to make the connection. As a result TRIZ 

training, especially a few days training, has not presented attractive fruits. So we must extend the 

classic TRIZ to set up directed connections with the innovation processes that are implemented in 

companies. 

 
Figure 1 shows the process of C-TRIZ which is developed in this center. The classic TRIZ is the 

core of C-TRIZ but the process is extended to the domain analysis and the development of the domain 

inventions. The domain inventions which are the outputs of C-TRIZ will be transformed into 

innovations after C-TRIZ process in a company. 
 
 

 
 

Figure 1. C-TRIZ/TRIZ process. 

 
Figure 2 shows the framework of the C-TRIZ which includes three parts, main, auxiliary and 

technology transfer. It is different from other kind of methodologies, in which some methods are 

radical or disruptive-oriented once and technology transfer activities are a part of C-TRIZ. The 
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implement of MEIM, mass-engineer-invention technology transfer model, is the major part of the 

technology transfer process. 
 
 

 
Figure 2. Framework of C-TRIZ. 

 
There are four levels in the main part of the C-TRIZ. The Level 1 is the classic TRIZ and its 

extensions. Level 2, Level 3 and Level 4 are problem-oriented methods, purpose-oriented methods 

and innovative process methods respectively. The most important level is Level 2 and 3 in which the 

methods for radical, incremental and disruptive innovations are being developed and integrated. Every 

level is independent with each other but the classic TRIZ is the base of all level. 

 
The auxiliaries are support methods to the main part of the C-TRIZ. There are three methods, 

which are trimming process, integration process and patent around process. In the process of 

innovation the trimming, integrating and patent analyzing are mostly applied methods for engineers 

from companies. 

 
The third part of the C-TRIZ is MEIM, which is a new model for technology transfer. A few days 

for training TRIZ is not enough, for which the literatures shows. But how long and the pattern that 

activities should be arranged are not known. The MEIM tries to give a solution for this difficult task. 

 
In C-TRIZ, eleven inventive processes are arranged, in which problem-oriented and purpose- 

oriented inventive processes are included. Figure 3 shows one of eleven process models, in which the 

classic TRIZ is in the core position for problem solving. 
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Figure 3. Problem-oriented incremental inventive process. 

 
The Figure 3 is the model for problem-oriented incremental inventive process in C-TRIZ. The 

process as an added inventive process is integrated with the major innovation process of a company. 

The added process is becoming one part of the major innovation process. The engineers in a company 

apply the added process and the major process for invention and innovation activities at same time. 

 
▪ 2.2 Mass-engineer-oriented model for technology transfer 

 
For transfer of C-TRIZ/TRIZ the governments including local governments and intermediary 

agencies are necessary in the environment of China today. The local government for a region has big 

impact to the companies located inside the region. As integration of enabling technologies for 

innovation the C-TRIZ/TRIZ should be transferred into companies by some routes. The main rout now 

is from source institutions to companies through the bridge of local government and intermediary 

agencies, as shown in Figure 4. 
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Figure 4. One rout to transfer C-TRIZ/TRIZ to companies. 

 
The source institutions are universities, research agencies or consultancies which have ability to 

provide high quality training courses of C-TRIZ/TRIZ. The institutions which are regularly work as 

trainers are selected by a big market. Our center is a kind of the source institute for providing C- 

TRIZ/TRIZ transfer which is evaluated and selected by the training market. 

 
MEIM in the Figure 4 developed in this center is a mass-engineer-oriented invention training 

model (MEIM) for guiding the training process. The process includes seven steps and the process is 

interactive with the major innovation process which is currently applied in companies. The engineers 

to attend the programs must connect the training contents to the R&D or innovation processes of their 

companies in order to find or construct and solve inventive problems. 

 
There are four main parts in Figure 5, an innovation process, a training process, an interface 

between the two parts, and the companies to join the program. The innovation process includes fuzzy 

front end, new product development and commercialization. The training process are seven steps 

which are selecting companies, selecting engineers, training stage-1, finding problems, training stage- 

2, finding solutions and summing up. In the middle of the two parts is an interface, which includes 

opportunities and solutions for innovation, also the implicated problems. The companies selected to 

attend the class may be one or more at same time. A class lasts 8 to 12 months accordingly in practices. 

Table 1 shows the detailed activities of each step in the training process. 
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Figure 5. Mass-engineer-oriented invention training model (MEIM)(Tan, 2015, 2018). 

 
Table 1. The training steps and activities. 

 
 

Step Name Activities 

1 Selecting 

companies 

The companies to attend the class are selected. 

 Some institution of a local government, or an organizer, is 

responsible for the organization and selection of the companies to 

attend the class for a region. 

 The center or organizer selects the companies directly. 

2 Selecting 

engineers 

The engineers to attend the class are selected. 

 The companies selected make recommendation for a list of 

engineers to join the class. 

 The organizer of a class makes is the final selection of the 

engineers. 

3 Training 

stage-1 

The teacher team in the center gives lessons to the engineers. 

 The basic concepts, methods of TRIZ will be taught. 

 Many cases applying these methods are also demonstrated. 

4 Finding a 

problem 

Each engineer of the class must identify an inventive problem from his 

or her workplace. 

 Engineer finds an inventive problem from a stage of innovation 

processes of their companies. 

 Engineer constructs an inventive problem for the situation of 

his/her workplace. 

5 Training 

stage-2 

The teacher team in the center gives lessons to the engineers again. 

 The systematic methods, such as problem-oriented inventive 

process, are the contents. 

 A systematic process model for finding and solving inventive 
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  problems are demonstrated. 

6 Solving 

problem 

Every engineer must solve the inventive problem and identify an 

invention. 

 Every engineer finds new ideas. 

 Every engineer develops the ideas and transform the them into at 

least one invention. 

7 Summing 

up 

Examination and evaluation are made. 

 The final oral examination is made and engineers will present their 

results with slides. 

 An evaluation is made and a certificate is presented to some 

qualified engineers who are innovative. 
 

▪ 2.3 A pattern to transfer C-TRIZ to companies 
 

Figure 1-5 together form a pattern to transfer C-TRIZ/TRIZ to the companies as shown in figure 

6. The feature of the pattern is that it is mass-engineers oriented. Many engineers, such as 60-80, from 

different companies may attend one class for the C-TRIZ transfer at same time. The role of the local 

government is financially supporting the class and transfer activities. The intermediary agencies make 

the transfer plan and select the companies to attend the transfer classes. The national engineering center 

which is located in Hebei University of Technology is responsible for supporting the activities of 

intermediary agencies and training, guiding and coaching for the engineers selected by the process of 

MEIM. 
 
 

 

Figure 6. A pattern for mass-engineer-invention driving innovation. 
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The national Research Center, which is located in Hebei University of Technology, is a research 

platform for TRIZ and its development. We have many interactive relations with the TRIZ community 

in the world. The design methodology and management of technology are integrated in the C-TRIZ. 

 
In 8-12 months, the outcomes for one transfer class are generated which are some innovative 

engineers, new technologies, new processes, maybe a few new products. The generation of innovative 

engineers is the major purpose of the transfer classes because the engineers will serve the companies 

for a long time in the future. The new technologies and the new processes patented are created by the 

innovative engineer during the transfer time, which are the derived purpose. One or two new products 

in a class may also be produced for some little modified once, which is lucky for relative short time. 

 
After the transfer class the companies attended the transfer activities will make evaluations for 

the patented new technologies generated from the innovative engineers and decide which should be 

developed further. After the following development activities in the companies several innovations are 

generated. 

 
3. Results 

 
▪ 3.1 Certificated innovative engineers 

 
From 2013 to 2016 we have carried out 40 transfer classes to train engineers for 721 companies 

which are located in 13 provinces or cities in China. The 3173 engineers attended the classes. Among 

them 1471 did pass all the process and were certificated to be innovative engineers in this center. The 

1471 engineers applied 1218 patents and among of them 648 are patent for innovations. A part of the 

patents have been developed to be new products in these companies. 

 
Figure 7 shows the relationship between the 1471 engineers who were certificated to innovative 

once and the regions that the engineers come from. The numbers of Hebei is the first which shows that 

the center servers the province first. The reason is that the university is local one and belongs to the 

province. The number of Tianjin is the second which shows that the center pays more attention to the 

city located in. The third is Beijing which is near to Tianjin. 
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Certification numbers 

 
Figure 7. Certificated engineers in different regions from 2013-2016. 

 
Figure 8 shows the relationship between patent numbers applied by innovative engineers during 

the training processes in different regions. The numbers of Hebei, Tianjin and Beijing are the first 

three regions. The reason is the same with that in figure 7. Figure 9 shows other innovative outputs in 

the same training processes: papers, new products. 
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Figure 8. Patent numbers in different regions from 2013-2016. 
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Figure 9. Papers and new products in different regions from 2013-2016. 

 
▪ 3.2 The pattern for low cost innovation 

 
After 10 year experiences the pattern to transfer C-TRIZ/TRIZ to the companies in China, which 

is composed by Figure 1-5, is formed and in matured state today. The pattern has the following 

distinguishing features: 

 
1) Many engineers from different companies may attend one transfer class at same time. 

 
2) C-TRIZ/TRIZ transfer process is structured and integrated with the major innovation 

process being implemented in companies. This make the engineers use the C-TRIZ/TRIZ in his or her 

workplaces after the transfer activities. 

 
3) The cross-domain knowledge and processes for invention and innovation are introduced into 

the companies to attend the transfer activities with C-TRIZ/TRIZ processes naturally. 

 
4) Local government, intermediary agencies, university and companies carry out the transfer 

activities together and each advantage is brought into play. 

 
5) The investment from the local government or companies is only a little but the outputs of 

the transfer activities are rich relatively. 

 
All the features show that a pattern for low cost invention and innovation, which is “mass- 

engineer-invention driving innovation”, has been formed. The pattern is different from the patterns 

generated in other countries. Today it is being implemented in several regions and companies including 

a few fortune 500 companies in China. 
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4. Conclusions 
 

A new pattern, mass-engineer-invention driving innovation, for C-TRIZ/TRIZ transfer to the 

companies is formed with a feature of low cost. The implementation, practices and improvement in 

the past ten year show that the pattern is effective. The purpose to transfer C-TRIZ/TRIZ comes true 

in China. Big market for the transfer activities has been formed now. 

 
The next step is to improve the new pattern further to make it suitable to more needs of the 

companies for innovations. The integration processes and methods between the major innovation 

process and the added inventive processes of C-TRIZ are also to be studied to make the system more 

applicable in industrials. 
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Abstract 
 

The processes in the cake decoration include many steps such as plastering, sauce 

dripping, flower extrusion and other decorations. In the above-mentioned steps, the 

flower extrusion is the most difficult and value-added process as it needs individual 

aesthetic literacy and long-term skillful training. The flower extrusion technique in 

cake decoration requires a lot of time, experience and technical accumulation to afford 

the competence. In present, there exists a talent fault in cake industry. The core 

techniques in the flower extrusion process are pressure control and motion control. In 

this paper, we explored the stress control problem so the pressure measurement is a key 

issue. Therefore, a systematic innovation method was adopted to explore and evaluate 

the pressure measurement methods on the extrusion process of the cake decoration. 

Functional analysis tool was used to analyze the technical problems. Then, the 

scientific effect knowledge base tool was adopted to find the feasible methods to solve 

the pressure measurement problem. Finally, we adopted Pugh’s matrix tool to evaluate 

the solutions based on some metrics. The contribution of this paper is to proposed and 

demonstrated a systematic innovation method to solve the practical problem in the food 

and beverage industry. 

 
Keywords: Flower Extrusion, Function Analysis, Scientific Effects Database, Pugh’s 

Matrix. 

 
 
 

1. Introduction 
 

The processes in the cake decoration include many steps such as plastering, sauce 

dripping, flower extrusion and other decorations. In the above-mentioned steps, the 

flower extrusion is the most difficult and value-added process as it needs individual 
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aesthetic literacy and long-term skillful training. The flower extrusion technique in 

cake decoration requires a lot of time, experience and technical accumulation to afford 

the competence. In present, there exists a talent fault in cake industry. 

 
The core techniques in the flower extrusion process are pressure control and motion 

control. In this paper, we explored the stress control problem so the pressure 

measurement is a key issue. Therefore, a systematic innovation method was adopted to 

explore and evaluate the pressure measurement methods on the extrusion process of 

the cake decoration. 

 
2. Literature Review 

 
TRIZ theory has been changed and extended by researchers. The TRIZ theory 

development can be divided into four stages: classic TRIZ, Innovative Technology of 

Design, TRIZ plus and GEN3 TRIZ. The objective in each stage is different and the 

Main Parameters of Value (MPV) has attracted more attentions. TRIZ is a practical tool 

for product research and development. Many researchers has integrated TRIZ and tools 

in other disciplines such as AHP (Chang & Chen, 2004), QFD (Li et al., 2009) and 

Kano (Chen & Chang, 2008) to form an effective problem-solving method. Pin et al. 

(2011) have applied TRIZ principles in crowd management problem. Fresner et al. 

(2010) have developed a effective method for option identification for cleaner 

production projects. Moreover, there are other applications of TRIZ such as safety 

improvement (Scyoc, 2008) and eco-design (Jones and Harrison, 2000). Mann (2002) 

proposed a hierarchical framework for TRIZ (Figure 1). He divided TRIZ into four 

levels: tool, method, philosophy and excellence. The tools level contains many 

available and effective tools for problem analysis and solution generation. 
 

 

 
 

Figure 1. The Levels of Systematic Innovation (Mann, 2002) 
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3. Research Method 

 
Figure 2 shows the research flowchart of this paper and it includes four steps: 

problem definition, problem analysis, problem solving and solution evaluation. We 

adopted 6W1H1G tool in the problem definition step, functional analysis tool for 

problem analysis. Then, the scientific effect knowledge base tool was adopted to find 

the feasible methods to solve the pressure measurement problem. Finally, we adopted 

Pugh’s matrix tool (Silverstein et al., 2012) to evaluate the solutions based on some 

metrics. 
 

 

 
Figure 2. The research flowchart in this paper 

 
4. Research results 

 
Figure 3 shows the functional analysis of cold storage bag at usage moment. Figure 4 

shows the 

snapshot of the query-“Decease Temperature” and suggestions for cooler bag with 

TRIZ Effects Database (https://www.triz.co.uk/triz-effects-database). Table 1 and 2 

present the suggestive methods along with explanation in TRIZ Effect Database, and 

feasibility evaluation of some suggestive methods with Pugh’s Matrix. Snapshot of the 

experiment with the prototype of pressure control device is shown as Figure 5. 



The 2019 International Conference on Systematic Innovation 

July 08-11, 2019, Liverpool, The UK 

344 

 

 

 
 
 
 
 

 

Figure 3. Functional analysis of cold storage bag at usage 
moment 

 
 
 
 

 
Figure 4. Snapshot of the query-“Decease Temperature” and 

suggestions for cooler bag 
 

(TRIZ Effects Database) 
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Table 1. Suggestive Methods along with Explanation in TRIZ Effect 
Database 

 
 

Table 2. Feasibility Evaluation of Some Suggestive Methods with Pugh’s 
Matrix 
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Figure 5. Snapshot of Experiment with the Prototype of Pressure Control 
Device 

 
 

 
5. Conclusion 

 
In this paper, a systematic innovation method was adopted to explore and evaluate 

the pressure measurement methods on the extrusion process of the cake decoration. 

Functional analysis tool was used to analyze the technical problems. Then, the 

scientific effect knowledge base tool was adopted to find the feasible methods to solve 

the pressure measurement problem. Finally, we adopted Pugh’s matrix tool to evaluate 

the solutions based on some metrics. The contribution of this paper is to proposed and 

demonstrated a systematic innovation method to solve the practical problem in the food 

and beverage industry. 
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Abstract 
 

Maximizing productivity in machining is a today real challenge, as products have 

to be proposed faster and faster on the market. However, in a competitive environment, 

this increasing of productivity cannot be performed at the expense of quality. Thus to 

find the best compromise, Design of Experiments are used to propose to best relevant 

process in regard of the required specs. But here also a limitation remains: the cost of 

the experiments, thus several proposals exist to limit the number of experiments. 

 
In this article, the authors propose a global approach to find the optimal solution 

out of Design of Experiments and to increase this optimum by the complementary use 

of TRIZ-based methods. For this, the Pareto frontier will be built out of the Design of 

Experiments results, Generalized Systems of Contradictions will be formulated, and 

then concepts of solution will be proposed. 

 
This proposal is an illustration of a global research project aiming at proposing a 

continuum and cross-fertilization between optimization and inventive methods. 

 
Keywords: Design of Experiments, Generalized System of Contradictions, Machining 

of Composite Materials, Optimization and Invention Continuum. 
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1. Introduction 
 

Composite parts made of composite material are increasingly used, 
especially in aeronautics, for their mechanical properties and 
lightness. However, the machining of this material is complicated 
because of various degradation phenomena found either on the 
machined parts or on the cutting tools. Various authors such as 
(Tsao and Chen, 1997, Davim and Reis, 2005, Durão et al., 2010, 
Ahmad, 2009) concluded that cutting conditions are an important 
factor in determining the reliability of machining of composite 
materials. Lasota and Rusek (Lasota and Rusek, 1983) described 
the influence of cutting conditions on energy consumption during 
finish turning. Authors highlighted the fact that the heterogeneity of 
the cutting material and poor choice of cutting conditions could not 
only generate premature cutting tool wear (Iliescu, 2008), but also 
cause severe damage to the workpiece (Khashaba, 2004).The most 
common defects encountered during composite machining are 
delamination, fiber pullout and resin overheat. In order to 
understand the machining defects, some authors have linked the 
cutting conditions to damage (Marques et al., 2009). 

 
A number of authors have used experimental modeling methods and multi-criteria 

optimization methods to evaluate the efficiency of manufacturing operations when 

machining composite materials. Davim et al. (Davim et al., 2010) studied the 

machinability of composite material polyetheretherketone reinforced with 30% of glass 

fiber using polycrystalline diamond (PCD) and cemented carbide (K20) tools and 

analysis of variance (ANOVA). The same authors (Davim and Mata, 2004) conducted 

an optimization study of surface roughness in turning fibre-reinforced plastics tubes 

manufacturing by filament winding and hand lay-up using polycrystalline diamond 

cutting tools. The objective was establishing the optimal cutting parameters to obtain a 

certain surface roughness, corresponding to international dimensional precision (ISO) 

IT7 and IT8 in the FRP workpieces, using multiple analysis regression (MRA). 

Morandeau et al. (Morandeau et al., 2013) have made a comparative study in terms of 

cutting force, workpiece temperature and tool wear for different configurations of the 

tool when machining carbon/epoxy composite. 

 
All the studies mentioned above are based on a multi-criteria optimization which 

does not always solve all the constraints retained in the study. The objective of this 

study is to use in a complementary way multi-criteria optimization and inventive design 

methods to find the machining configurations that best meet all the constraints of the 

studies. 
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2. State-of-the-art 
 

In this part will be presented, first a brief overview of Design of Experiments, 

then the classical TRIZ System of Contradictions, as well as some of its limits. Then 

the model of Generalized System of Contradictions, which enable to overcome these 

limits will be introduced. 

2.1 Design of Experiments 

 
Design of Experiments (DoE) is a powerful tool for analyzing, modeling and 

optimizing process. The term experiment is defined as the systematic procedure carried 

out under controlled conditions in order to discover an unknown effect, to test or to 

illustrate a known effect. When analyzing a process, experiments are often used to 

evaluate which process inputs have a significant impact on the process output, and what 

the target level of those inputs should be to achieve a desired result (evaluation 

parameters). Experiments can be designed in many different ways to collect this 

information. 

 
Designed Experiments are also powerful tools to achieve manufacturing cost 

savings by minimizing process variation and reducing rework, scrap, and the need for 

inspection. 

 
Appropriate data can be analyzed by statistical methods such as Response Surface 

Methodology (RSM) (Box and Draper, 2007) and Linear Regression Methodology 

(LRM) (Cohen et al., 2002). Statistical validation of experimental design is necessary 

to draw meaningful conclusions from the data (Montgomery, 2004). An effective 

alternative to the composite factorial design is the Central Composite Design (CCD), 

originally developed by Box and Wilson (Box and Wilson, 1951), and improved by 

Box and Hunter (Box and Hunter, 1957). CCD gives as much information as a three 

levels factorial design, requiring a lower number of tests than the latter, and describes 

a majority of steady-state process responses. 

 
In this study, the DoE was used to optimize the machining process of a composite 

material. The influences between several action and evaluation parameters were 

evaluated. The identification of contradictions from the DoE was developed with the 

method proposed in this paper, which is presented in section 3. The resolution of these 

contradictions will allow to overcome the Pareto front (defined by the dominant points 

of the optimization space) of the solutions and to reach the targeted solution. 
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2.2 Classical TRIZ Systems of Contradictions 

 
TRIZ has been developed by Altshuller based on the analysis of patents and in 

order to understand what invention is, the kind of problems an invention resolve and 

also the kind of principles used to propose a new concept (Madara, 2015). Thus, 

Altshuller stated that the contradictions are one powerful model to formulate the 

problems, and he proposed two kinds of models of contradictions (Altshuller, 1988). 

Technical contradictions represent the problem to be solved at the system level, when 

two Evaluation Parameters (EP) of the specs cannot be satisfied together. Physical 

Contradiction state the core of the problem, it enables to point out a design parameter 

which has to be in two different states, for which two different values are required, to 

satisfy the previously identified conflicting Evaluation Parameters (Altshuller, 1999). 

Based on the models proposed in TRIZ, Khomenko proposed to generalize to non- 

technical problems the underlying axioms of TRIZ, and he defined the System of 

Contradictions, linking the models of physical and technical contradictions and stating 

that “many Physical Contradictions may be linked to a given pair of Technical 

Contradictions” (Khomenko et al., 2007). The object of this System of Contradictions 

is to point out that a Physical Contradiction elicits the reason why a Technical 

Contradiction exists. 

 
One of the hypothesis on which TRIZ models of contradictions are based is that 

any problem (any situation for which no solution is known) could fit the model of 

Contradiction. In (Dubois et al., 2009a), the authors have identified the limits of this 

assumption, illustrating on a case example that a problem could occur for which it is 

impossible to formulate, formally, contradictions. Counterexamples were given that the 

presence of an OTSM-TRIZ System of Contradictions is not equivalent to the absence 

of solution. However, TRIZ models are used to solve problems, as in such cases, human 

experts formulate problems but based on partial consideration of the model of the 

system, but considering the whole model, no such contradictions exist. 

 
2.3 Generalized System of Contradictions (GSC) 

 
A Generalized System of Contradictions has been defined in (Dubois et al., 2009a, 

Dubois et al., 2009b) to fit to the axiom of equivalence between the existence of a 

problem and the formulation of contra-dictions. The figure 1 presents the model of 

GSC, and also illustrates the difference between OTSM-TRIZ System of 

Contradictions and the generalized one, and, finally, how they can be recognized in 

table of experiments, where ei are experiments, xi are Action Parameters (AP) and yi 

are Evaluation ones (EP). Ei and Yi define sets of experiments or Action Parameters. 
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The way the model can be recognized in any table linking inputs and outputs 

enabled the authors to propose algorithms to automatically extract contradictions out 

of such tables (which can, for example, be the result of Design of Experiments). The 

algorithm to automatically extract the complete set of Generalized Technical Contra- 

dictions (GTC) from experiments has been presented in (Lin et al., 2013). In (Lin et al., 

2014) the Generalized Physical Contradiction (GPC) is described through binary 

integer programming and an algorithm is proposed in order to identify and extract the 

complete set of Generalized Physical Contradictions. This GSC model is thus a 

generalization of the classical TRIZ, and OTSM-TRIZ, system of contradictions, 

referring not only to pairs of EPs but to two sets of EPs, for the technical contradictions; 

and linking them to two different states of several APs for the physical contradiction. 
 

 
Figure 1. OTSM-TRIZ and Generalized Systems of Contradictions. 

3. A method to provide a continuum 
 

Algorithms to extract GSC have been defined and tested throughout various 

examples, and enabled to point out some ascertainments: 

 
• In (Lin et al., 2013), the big complexity in the search of technical and 

Generalized Technical Contradictions has been illustrated: too many GTC could be 

formulated and the human expert is not able to deal with them. This imply the necessity 

to identify the more relevant GTC to be treated for further resolution. 

 
• In (Lin et al., 2014), the same kind of problem has been demonstrated for 

physical contradictions, an example showed that for one selected GTC, more than 

3.000 GPC can be formulated. 
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Another interesting result, illustrated in (Dubois et al., 2015), is that different kind 

of GPC could be recognized. Thus, some “contextual” classical TRIZ physical 

contradictions have been extracted, i.e., GPC were found with only one conflicting 

parameter, but this GPC remain true only under a fixed context, fixed values for some 

action parameters. 

 
In this article, the authors propose a method based on both Design of Experiments 

and GSC formulation, this method is illustrated on figure 2. It starts from the definition 

of the model of the considered system, it means the set of Action Parameters describing 

it, and also, the set of Evaluation Parameters defining the specs. Then, a Design of 

Experiments is conducted, and the optimum solutions are confronted to the defined 

objectives. If a solution is satisfying, the process can be stopped, otherwise the analysis 

of contradictions will be conducted. 

 
To identify more relevant contradictions, the proposal is to consider only optimum 

points (Pareto set) of the binarized DoE, and thus only the GTC built with these points. 

This assumption relies on the fact that contradictions built without optimum points 

could be solved by optimal points, then not necessarily satisfying the defined objectives. 

Let us notice that a similar way for getting GTC was proposed in (Bach et al., 2017) in 

order to deal with a simple problem of fleet optimization where numerous simulation 

data was available. Our case study is more complex and only few data is available due 

to the cost of one experiment. Thus our study is also a way to test this approach for 

getting GTC with only few data resulting from “economical” design of experiment. 

ARIZ 
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Figure 2. Method to build a continuum. 
 

4. Case study 

4.1 Preliminary study 

 
The experimental study was realized at the Center for Studies and Research on 

Cutting Tools (CEROC), Laboratory of Mechanics and Rheology (LMR), it was 

completed in the framework of two theses (Chibane et al., 2013, Chibane et al., 2017). 

Optimization of milling T800 M21 carbon/epoxy composite material was established 

by response surface methodology (Morandeau et al., 2013). The aim was to compare 

the cutting behavior of a 19° and a 60° lead angle tool. Several points of comparison 

have been chosen such like cutting force, material temperature, milled surface 

roughness, delamination and tool wear. A wide range of cutting conditions was tested 

with a depth of cut equals to four plies in order to minimize the influence of plies 

orientation. This previous factor has been widely describing in the literature. Authors 

conclude that cutting results with 19° lead angle have shown reducing in cutting force, 

less wear and less delamination in comparison with 60°, these results are partly 

explained by the insert geometry 19°. 

 
The precautionary study allowed to make a choice of cutting condition and 

geometry of the cutting tool by multi-objective optimization methods, the result of the 

optimization is a compromise between several parameters but never a satisfaction of 

the set of objectives. Our new study, consists of finding a solution that satisfied at the 

same time all the needed objectives (parts surface integrity, cutting tool and 

productivity). The objective of this study was to overcome the Pareto front of the 

solutions find by optimization and reach the targeted solution. by proposing a change 

in the model of the system. The transition from optimization to innovation by the 

inventive design method necessitated a change in the model that will be presented later. 

 
4.2 Presentation of the case 

 
Down milling tests were performed on a horizontal high speed milling machine, PCI 

METEOR 10 HSK63AThe multi-axial composite carbon / epoxy T800S/M21 was 

machined with a single Diamond Like Carbon (DLC) insert provided by the cutting 

tool manufacturer (Cochran and Cox, 1992) as shown in figure 3. 
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Figure 3. Cutting tool and parameters. 

 
The axial depth of cut DOC was set at 1.04 mm, a thickness corresponding to four 

layers of carbon fabric, to avoid the effect of fiber orientation. The radial engagement 

ae was set at 50% of the tool diameter (ae = 36.4 mm). The cut length Lc is 55 mm. 

 
The orientation of the composite plies is described by [(45/90/135/0)16]s with ply 

thickness equal to 0.26 mm as illustrated in Fig.3. Dry machining conditions were used 

during the experimental tests. The thickness h of the shaving depends on the feed rate 

f per tooth and the angle of attack Kr = 19° or 60°, and is given by equation: h = f × 

sin(Kr). 

 
The cutting conditions was tested with a depth of cut equals to four plies in order 

to minimize the influence of plies orientation. 

 
4.3 Design of Experiments and Action Parameters 

 
To minimize the number of experiments, a central composite design (CCD) with 

9 combinations was studied using two quantitative parameters, cutting speed (Vc) and 

chip thickness (h). The same DOE has been doubled to take into account a qualitative 

parameter which is the lead angle Kr. 

 
A diamond like carbon (DLC) with a thin film of 1 μm diamond coating has been 

tested through the experimental part. A 6% cobalt content cemented carbide has been 

chosen as a substrate. In Figure 3, which shows the testing environment, an insert type 

PDKT0905DEFR11 with a Kr = 19° lead angle has been equipped on a penta high feed 

milling cutter from Safety manufacture. Another milling cutter called ‘penta 60’ has 

been used for Kr = 60° lead angle inserts. 

 
Three diamond coatings were studied, a diamond like carbon (DLC), a micro- 

crystalline chemical vapor deposition (M-CVD) and a nano-crystalline chemical vapor 

deposition (N-CVD). 
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The total number of experiments was 54. Note that the central test was repeated 3 

times. 

 
The levels of machining parameters were chosen in accordance with the 

recommendations provided by the cutting tool manufacturer (Safety, 2007) as shown 

in Table 1. 

 
Table 1. Machining parameters levels. 

 

Variables level Quantitative parameters Qualitative parameters 

 Cutting 
speed (m/min) 

Chip 
thickness h (mm) 

Lead angle 
Kr (°) 

Coating of 
cutting insert 

Min (-1.21) 96.5 0.06   

Min (-1) 200 0.1 19 DLC 

Mean (0) 450 0.2  M-CVD 

Max (+1) 700 0.3 60 N-CVD 

Max (+1.21) 803.5 0 .34   

4.4 Measuring output parameters (Evaluation Parameters) 

 
In this study, several parameters related to the quality of machining parts were 

exam-ined. Vibration levels (Arms), delamination length (DL), workpiece temperature 

(T) and cutting force (Fmax), material removal rate (MRR), Surface roughness (Ra) 

and fiber flaking (FF), were measured for each test in one pass. The Table 2 summarizes 

the experimental methods used in this study and their technical specifications. 

 
 

Table 2. Experimental methods used in this study and their technical 
specifications. 

Evaluation parameters Used material Manufacturer reference Specificity 

Workpiece 
temperature T (°) 

Infrared camera CEDIP, JADE MWIR Spectral response 3 to 5μm, fa =176 Hz 

Cutting forces F (N) Force sensor Kistler mod.9255B fa = 10 KHz 

Vibration levels Arms 
(m²/s). 

Tri-axial 
accelerometer 

(Brüel & Kjær 4520) sensitivities of 10 mV/g 

Delamination length 
Ld (mm) 

Stereo 
microscope 

LEICA Expansion x4 

Surface roughess 
(µm) 

Optical 
profilometer 

VEECO, WYKO NT1100 Vertical resolution 0, 1 nm to 1 mm 

Material removal rate 
(cm3/min) 

Mathematical 
model 

  
 

𝑀𝑀𝑀𝑀𝑀𝑀=$%&×(×)*×%+×, - 

×. 

4.5 Results of the optimization 

 
The purpose of this study was to find optimal configuration of machining process 

according to a defined situation. For example, an optimization situation that favors 
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maximum production with a good surface roughness and without machining defects 

(flaking of the composite fibers, delamination of the composite folds and thermal 

degradation of the resin). 

 
The choice of the values of the evaluation parameters targeted to was set according 

to the need sought, as shown in the table 3. 

 
Table 3. Design of Experiments objectives. 

 

Evaluation parameters Min Max Target 

Workpiece temperature T (°) 0 80 Minimize 

Cutting forces F (N) 0 200 Minimize 

Vibration levels Arms (m²/s). 0 80 Minimize 

Delamination length DL (mm) 0 0.1 Minimize 

Fiber flaking FF (mm) 0 0.1 Minimize 

Surface roughness Ra (um) 0 3 Minimize 

Material removal rate MRR (cm3/min) 1200 2000 Maximize 

The experiments were conducted and a part of this Design of Experiments is 

presented in table 4, where the satisfying results of the experiments have been colored 

in green. 

 
Table 4. Design of Experiments. 

 
 

  

Action Parameters (AP) 
 

Evaluation Parameters (EP) 

Test 
Number 

Coating 
of 

cutting 
insert 

Lead 
angle 
Kr (°) 

Cutting 
speed 

Vc 
(m/min) 

Chip 
thickness 
h (mm) 

Surface 
roughness 
Ra (µm) 

Fiber 
flaking FF 

(mm) 

Delamination 
length 

Ld (mm) 

Workpiece 
temperature 
T (°) 

Cutting 
forces 
F (N) 

 
Material 

Removal 
Rate MRR 
(cm3/min) 

Vibration 
levels 

Arms (m²/s) 

test 1 DB3 19 96,5 0,2 11,26 3,30 0,00 56,00 164,41 754,56 61,94 

test 2 DB3 19 200 0,1 4,20 2,10 0,00 95,00 302,78 1532,43 73,88 

test 3 DB3 19 200 0,3 11,12 3,70 0,00 67,00 129,14 464,42 160,15 

test 4 DB3 19 450 0,06 2,35 0,00 0,00 122,00 461,22 933,05 85,30 

test 5 DB3 19 450 0,2 19,00 2,40 0,00 101,33 207,28 493,50 141,60 

test 6 DB3 19 450 0,34 9,44 0,00 0,00 62,00 112,99 147,54 203,46 

test 7 DB3 19 700 0,1 3,92 0,86 0,00 282,50 874,15 448,15 190,26 

 
 

test 50 DSP3N 60 450 0,2 1,51 1,10 2,80 118,00 411,36 19,84 93,18 

test 51 DSP3N 60 450 0,34 2,59 2,00 6,10 98,00 285,28 12,86 113,78 

test 52 DSP3N 60 700 0,1 0,90 0,00 0,52 159,00 580,24 32,71 79,24 

test 53 DSP3N 60 700 0,3 1,68 0,00 3,67 121,00 314,66 12,35 124,50 

test 54 DSP3N 60 803,5 0,2 2,11 0,00 3,20 134,00 381,05 13,17 128,74 
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5. Contradictions analysis 
 

The previously presented case study and the results on table 4 illustrate the limits 

of optimization approaches on this case. Indeed, no experiment enable to fully satisfy 

all the Evaluation Parameters. As no solution is known, based on the model of the 

system, the problem could be considered an inventive one, it is thus relevant to search 

for contradictions and apply TRIZ-based methods. In the next parts, the Pareto Analysis 

of Contradictions, will be presented in detail for the example. 

 
5.1 Identify the Pareto frontier 

 
The Pareto frontier is the set of all points, for a given set of experiments, that are not 

dominated by any other of the known points. The concept of Pareto dominance is of 

extreme and is particularly relevant when the objectives are conflicting, i.e. as soon as 

the desired result cannot be reached. In this case, the best solutions are the set of 

solutions for which selecting any one of them in place of another will always decrease 

the satisfaction of one Evaluation Parameter, while improving at least one other. Then 

the satisfaction or not of the Evaluation Parameters have to be compared by pairs of 

point to determine the existence of a dominance relationships between both. This 

comparison can be done either based on real values, or based on binary categorization 

of the satisfaction. On this second point the experiments will be given, for each 

Evaluation Parameter, the value of 1 if the experiment satisfies the considered E.P., the 

value 0 otherwise. 

 
When considering the previously introduced Design of Experiments, binarized as 

described, one can consider some of the experiments, presented on table 5. On this 

excerpt, the experiment 7 is dominated by the experiment 4, as exp. 4 increases the 

Evaluation Parameters 1 and 2 without degrading any other. The same relationships 

could be established between exp. 4 and exp. 13. Thus, the experiments 4 and 7 are 

both dominated by exp. 13, so they are not on the Pareto frontier. If comparing 

experiments 13 and 20, they are conflicting as one satisfies the Evaluation Parameters 

1 and 2, but not 6; and the contrary for the other. These points have no dominant point 

in the defined binarized Design of Experiments, so they are points of the Pareto frontier. 

 
Table 5. Dominance relationship on some experiments 

 

 E.P. 1 E.P. 2 E.P. 3 E.P. 4 E.P. 5 E.P. 6 E.P. 7 

exp. 4 1 1 1 0 0 0 0 

exp. 7 0 0 1 0 0 0 0 

exp. 13 1 1 1 0 0 0 1 
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exp. 20 0 0 1 0 0 1 1 

5.2 Choose a GTC 

 
Each pair of experiments not satisfying the same set of Evaluation Parameters 

could be recognized as a Technical Contradiction. But, one can easily consider that 

formulating of GTC with experiments not on the Pareto frontier could recognize, as a 

solution, points dominating the considered experiments. Thus, it is proposed to only 

consider, as robust GTC, the ones built between the Pareto optimums. These optimums 

can be regrouped as 4 families, as illustrated on table 6. Then any pair of those families 

will define a robust GTC. Thus, 6 different GTC could be defined. The different 

possible GTC have been proposed to the experts, and they considered that the most 

conflicting pair is between MRR and Ra, and that Evaluation Parameters as Fiber 

flaking and Cutting forces could be easily resolved by the use of lubricant, thus 

resolving independently the problems linked with these parameters (without affecting 

the others). 

 
Table 6. Families of Pareto optimums 

  
Action Parameters (AP) 

 
Evaluation Parameters (EP) 

 
 
 
 

Test 

Number 

 
 
 
 
 
 
 

Coating of 
cutting insert 

 
 
 
 

Lead 

angle 

Kr (°) 

 
 
 
 

Cutting 

speed Vc 

(m/min) 

 
 
 
 

Chip thickness 

h 

(mm) 

 
 
 
 

Surface 

roughness 

Ra (µm) 

 
Fiber 

flaking 

FF 

(mm) 

 
 
 
 

Delamination 

length 

Ld (mm) 

 
 
 
 

Workpiece 

temperature 

T (°) 

 
 
 
 

Cutting 

forces 

F (N) 

 
Material 

Removal 

Rate MRR 

(cm3/min) 

 
Vibration 

levels 

Arms 

(m²/s) 

exp. 1 DB3 19 96,5 0,2 0 0 1 1 1 0 1 

exp. 19 
DB6 19 96,45 0,2 

0 0 1 1 1 0 1 

            

exp. 6 
DB3 19 450 0,34 

0 1 1 1 1 0 0 

            

exp. 11 
DB3 60 200 0,1 

1 0 1 1 0 0 1 

            

exp. 2 DB3 19 200 0,1 0 0 1 0 0 1 1 

exp. 20 DB6 19 200 0,1 0 0 1 0 0 1 1 

exp. 38 
DSP3N 19 200 0,1 

0 0 1 0 0 1 1 

Based on these considerations, the GTC that have been considered is the one 

between the experiment 11 satisfying Ra, Ld and T° on the one hand, and experiments 

2, 20 and 38, satisfying Ld, MRR and Arms on the other hand. 



The 2019 International Conference on Systematic Innovation 

July 08-11, 2019, Liverpool, The UK 

360 

 

 

 
 

5.3 Choose a GSC 
 
 

The analysis of table 6 pointed out, one contextual GSC can be extracted. This 

contradiction is true under the context: the cutting speed has to be 200m/min and the 

chip thickness has to be 0,1mm; then a contextual physical contradiction on the lead 

angle could be expressed (see figure 4). The presented contradiction is based on setting 

the cutting speed and the chip thickness, in such conditions, the lead angle has to be 

low to enable a good productivity, whereas it has to be high to provide good roughness 

and temperature. 

 

 
Figure 4. Contextual Generalized System of Contradiction 

5.4 Resolution of the GSC 

 
The interest of eliciting a contextual contradiction is that it is thus expressed as a 

classical TRIZ Physical Contradiction, and then being able to apply the separation 

principles. Analyzing the GSC, two separation principles gave interesting directions, 

the separation in space, and also the systemic level separation. First, the principle of 

separating the contradictory requirements in space was applied and it gave the concept 

of using a tool with variable geometry, with a rotating insert from 19° to 60° (cf. figure 

5a). This solution consists in adding a motor element which makes it possible to change 

the orientation of the cutting plate according to the machining area. Typically, when 

machining a part, the surface condition requirement is located in certain areas. This 

solution makes it possible to direct the cutting insert at a lead angle equal to 60° for 

these zones and to 19° for the other parts of the part to allow maximum productivity. 

This solution remains only a partial one as it does not meet both requirements at the 

same time, and so do not enable to fully resolve the contradiction. 

 
Thus, the principle of systemic level separation was considered, and it lead to the 

concept of using a tool with two geometries, at a macro level, the global lead angle is 

19°, but is composed, at a micro level of combination of several lead angle of 60° (cf. 

figure 5b). This solution makes it possible to have an overall orientation of the cutting 

insert at 19° to allow maximum productivity, and a local orientation at 60°, this 

facilitates the cutting of the carbon fibers and therefore a better surface roughness. Even 
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if this solution seems much more adapted than the first, and seems promising, now it 

is necessary to confirm its feasibility, mainly the possibility to manufacture this 

geometry of cutting tool. 
 

 
Figure 1. Solution concepts. (a) Rotating tool (b) Nested geometry 

 

6. Discussion and Conclusion 
 

The study presented in this article enabled to point out one well-known contradiction 

in production, to propose faster and better-quality products. In the case of composite 

material machining, solving this contradiction aim at increasing productivity without 

degrading the surface integrity of machined parts. The proposed concept solution 

consists in designing a new cutting tool with a specific geometry answering industrial 

needs, this solution can even be integrated into a global 4.0. plant process. Of course, 

is still remains a concept, and even if, theoretically, it seems relevant, it first will have 

to be prototyped. 

 
Concerning the proposed method itself, some positive feedbacks could be stated. First 

of all, it clearly gives a simple method to elicitate the contradictions. Based on a set of 

experiments, the method enable in few and formal steps to identify the Generalized 

Technical Contradictions. More over, the obtained GTC make sense for the domain 

experts. Also, the use of dominance, and of the Pareto optimums, helps in classifying 

and organizing conflicts. Even if the quantity of data is not so exhaustive, the results 

seem to be relevant (and this has been also pointed out in Bach et al. (2017)). Of course, 

in this method, the nature of GTC depend on the way Evaluation Parameters are 

binarized (are recognized as satisfying, but this is also true for classical TRIZ 

contradictions). It implies that it is necessary to know how to satisfy each of the E.P. 

(each E.P. has to be satisfied at least once in the experiments). The classification of 

GTC with the dominance concept point out multi-criteria conflicts, but also enable to 

formulate all the concomitant classical TRIZ contradictions, and this is not possible 

with a simple visual analysis of the D.o.E.. Moreover, it helps the expert to better 
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structure the problem to consider, choosing more relevant E.P. and thus simplifying the 

G.T.C., and its related G.S.C.. 

 
Finally, the resolution still tackle questions, in this example, as in all the examples the 

author treated, it has been possible to consider contextual physical contradictions, thus 

enabling the use of separation principles to solve them. Nothing prove, till now, that it 

will always be possible to formulate such contradictions, and till now, the way to solve 

Generalized Physical Contradictions has no answer. But one can consider that the 

difficulty the authors have to find such cases is perhaps an argument in favor of the 

robustness of the proposed approach. 
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Abstract 

Pressure vessels are widely used in various industries such as petrochemical, steel, 

dyeing and automobile. There are about 30,000 metal pressure vessels in Taiwan. Due 

to long-term storage with metal, the welded part is prone to cracking, damaging, etc., 

Poor structure or long-term storage reduces reliability which may lead to cracks and 

explosions. Negligence on periodic checking of potential hazards may result in 

accidents such as gas leak that endangers the operator as well as the surrounding 

environment. This study develops a design methodology, which is based on TRIZ, 

Fuzzy QFD, and DEA to address the reliability shortfall and safety issues. The resulting 

design does not only innovate pressure vessel products but also provide a design 

reference which promotes safety on pressure vessels from the known harsh 

environment. 

Keywords: Fuzzy QFD, DEA, TRIZ, Pressure vessel 

 
1. Introduction 

Pressure vessel is a container that can hold liquid, vapor, or gas at a different 

pressure. Its materials including metallic and non-metallic. Pressure vessel is probably 

the most used equipment within the different industrial sectors. In fact, there is no 

factory without pressure vessel, steam boiler, tank, autoclave, collector, heat exchanger, 

pipe, etc. 

Pressure vessel is a kind of special equipment widely used in various industries. 

Poor structure or long-term storage reduces reliability which may lead to cracks and 

explosions. Negligence on periodic checking of potential hazards may result in 
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accidents such as gas leak that endangers the operator as well as the surrounding 

environment. 

This study develops a design methodology, which is based on the following 

methods: TRIZ, Fuzzy QFD, and DEA to address the reliability shortfall and safety 

issues. The resulting design does not only innovate pressure vessel products but also 

provide a design reference which promotes safety on pressure vessels from the known 

harsh environment. 

2. Literature review 

2.1 Pressure vessel 

Pressure vessels are used in a wide range of applications, such as weapon systems, 

scientific research, and petrochemicals. They can have physical and chemical reactions, 

store gases or liquids, and have pressure-resistant functions. Various numbers of 

pressure vessels applications have also been flourishing with the following 

development types, such as fuel tanks, gas cylinders and pipes, as shown in Figure 1. 

A fuel tank is a safe container for flammable fluids. Fuel tanks range in size and 

complexity from the small plastic tank of a butane lighter to the multi-chambered 

cryogenic space shuttle external tank. A gas cylinder is designed for storage and 

containment of gases at above atmospheric pressure. Inside the cylinder the stored 

contents may be in a state of compressed gas, vapor over liquid, supercritical fluid, or 

dissolved in a substrate material. Pressure vessels can be any shape, but shapes made 

of sections of spheres, cylinders, and cones are usually employed. 

(a) (b) (c) Figure 1. Various types of pressure vessel: (a) fuel 
tank, (b) gas cylinder and (c) pressure pipe 

 
Most of pressure vessel designs refer to the specifications of ASME/CNS 9788, 

Japan JIS B 8265 and other specifications. It is important to confirm the pressure level 

defined in the specification and whether it is suitable for the current design conditions 

of the pressure vessel. For example, the specification divides pressure vessels into three 

grades. According to their design pressure, the first vessel grade has a design pressure 
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Engineering System Components Super-system Components 

 

specification of less than 100 MPa, the second vessel grade has a design pressure of 

less than 30 MPa, and for the third grade the design pressure of the container should 

be less than 1 MPa. In addition to the pressure range, it is necessary to pay attention to 

the design temperature, as well as other specifications, such as whether it contains 

connecting pipes, other container fittings, etc. The component analysis of a typical 

pressure vessel is shown in Table 1. A supersystem is a higher level system that has the 

analyzed system as a subset. Supersystem components are all those elements of the 

supersystem that influence or are influenced by the engineering system 

but are not part of the engineering system. (Domb 2008) 

Table 1. Pressure Vessels Component analysis 

Engineering System:Pressure Vessels 
Main function: Store gas or liquid 

Raw materials:metal materials Case 

End plate Nozzle 

Sealing element Base 
 

2.2 Fuzzy QFD 

Quality function deployment (QFD) is a useful analyzing tool in product design and 
development.                                                                                                       

QFD is a way to transform customers’ desires into suitable businesses’ requirements at 

every step, from research through product design and development, to manufacturing, 

distribution, installation and marketing, sales and services. To solve the uncertainty or 

imprecision in QFD, numerous researchers have applied the fuzzy set theory to QFD 

and developed various fuzzy QFD models. The extant studies focused on identifying 

important engineering characteristics and seldom explored the prototype product 

selection issue. 

The QFD originated in 1972 in Japan, has been a successful tool to assist the 

product development team systematically in translating market research and customer 

requirements into the technical requirements to be met in product design. QFD 

translates in the engineer’s language all the relevant information provided by the 

customer in a fuzzy manner, contributing to a customer-centric product design. 

Fiorenzo et al.(2017) mentioned that the importance ranking of design requirements 

(DRs) may be affected by several factors, including types of fuzzy numbers, 

defuzzification methods, and the number of fuzzy numbers. It was found that 
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defuzzification methods have a relatively larger impact on the ranking result. QFD is 

known by its house of quality (HOQ) which has a matrix format. HOQ is an important 

tool for QFD activities, containing information on "what", i.e., customer requirements 

(CRs), "how", i.e., design requirements (DRs), relationship between "CR" and "DR", 

and a triangularshaped matrix placed over the design requirements correspond to the 

interrelationship between DRs. The overall objective of QFD is to reduce the product 

development cycle-time and simultaneously improving the product quality and 

delivering the product to the customer at the lowest overall cost. 

 
2.3 Data envelopment analysis 

Data envelopment analysis (DEA) is an objective method for priority determination 

of decisionmaking units (DMUs) with the same multiple inputs and outputs. DEA is 

an efficiency estimation technique and it can be used for solving many problems of 

management such as the ranking of DMUs. 

Ramanathan and Yun-Feng (2009) applied DEA to incorporate cost and environmental 

factors in QFD. They proved that the relative importance values computed by DEA 

coincided with traditional QFD calculations when the ratings of DRs with respect to 

customer needs are included and only one additional factor, namely, the cost is 

considered. They view each DR as a DMU. 

Pourmahmoud and Babazadeh (2017) proposed a fuzzy multi-criteria group 

decision-making approach based on QFD, fuzzy weighted average and DEA is called 

Grouped QFDEA. It will also be extended in this study. 

2.4 Systematic innovation TRIZ 

TRIZ has been promoted as a systematic methodology or toolkit that provides a 

logical approach to developing creativity for innovation and inventive problem-solving. 

The methodology has spread to over countries across the world. It has been applied by 

several global organizations who have found it particularly useful for spurring new 

product development. 

Several tools and techniques in TRIZ were developed by Altshuller (1994) and his 

colleagues. The ones which appear most prominent include：Function analysis, 

Contradiction matrix, 40 inventive principles, Separation principles, Substance-field 

analysis, Patterns of evolution of technical systems.The concepts of contradiction, 

ideality and evolution patterns introduced by Altshuller (1994) are central to TRIZ and 
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at least one of these concepts is applied in any TRIZ problem-solving tool. 

Contradictions are indicative of inventive problems arising from the apparent 

incompatibility of desired features within a system. Resolving the contradictions solves 

the problems. 

With TRIZ is possible to save time, as the instrument lets the engineer focus on 

valid solutions to the problem and then develop those solutions (Gadd, 2011). The 

purpose of TRIZ is to overcome the psychological barrier in problem-solving through 

the generalization of the specific problem to an analogous generic problem, for which 

a generic solution can be found. At this point, a specific solution can be identified, 

usually with the help of brainstorming sessions and experience. (see Figure 2). 

Figure 2. TRIZ systematic approach to problem-solving (Tate & Domb, 
1997) 

TRIZ provides useful and usually novel solutions. Apart from the quality of ideas, 

TRIZ helps to generate more innovative ideas that would have been generated 

otherwise. This study integrates Fuzzy QFD, DEA and the prototype product selection 

model to develop a product design and selection approach. 

2.5 Combined FQFD and TRIZ 

The combination of Fuzzy QFD and TRIZ is the perfect complement in the 

process of developing a new product (Chaoqun, 2010). Fuzzy QFD can help designers 

understand what they should do to meet the needs of their customers, but it cannot help 

to solve the design problem. Although QFD combines customer’s needs with the 

quality of the elements through the HOQ very ingeniously, some problems are present 

in product innovation design in practical applications. However, TRIZ can help solve 

difficult design contradictions. 

The combination of HOQ and TRIZ lets designers satisfy customer demand and 

solve successfully varied technology contradictions. The product design process is 

aimed to find the design parameters of new products, starting from conceptual design 
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parameters, and then determine several technical solutions based on these parameters. 

Therefore, the integration of TRIZ and QFD is useful to find product specifications 

that satisfy the customer and solve conflicts that may exist between design parameters. 

In this study, we combined TRIZ, Fuzzy QFD, and DEA to find the new product 

“pressure vessels” specifications that satisfy the customer. 

 
3. Methodology 

The objective of this study is to develop a design methodology based on TRIZ 

and fuzzy QFD to address the reliability shortfall and safety issues. There are two main 

phases: (a) The establishment of fuzzy QFD and (b) The evaluation and selection of 

prototype products. The procedure of the research methodology is shown in Figure 3 

and discussed in the following. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3. The Methodology for this study.. 

3.1 Search customer requirements 

Through market research or customer survey, the design team can acquire the 

customer requirements (CRs) and the relative importance of CRs (weights). They 

provide the requests and expectations of the customer for the new product. 

3.2 Find design requirements 

Based on the identified CRs, the team then generates the corresponding design 

requirements (DRs) to establish the relationships matrix. Finally, the team can calculate 

the final importance of DRs based on the relationships matrix and the correlations 

matrix between DRs. 

Determine and Rank Design 
Parameter’s Weights with DEA 

Search Customer Requirements 

Find Design Requirements 

Consider additional 
inputs and outputs 

Establish Fuzzy 
QFD + HOQ 

Indentify TRIZ Improving Parameters 
and Worsening Parameters for CM 

Build the Product 

 
Find Trigger Solutions 
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3.3 Establish fuzzy QFD + HOQ 

To evaluate and select the best product prototype, the team evaluates the 

performance level of the prototype based on each evaluation criteria. The evaluation 

results produce a decision matrix. The decision matrix is further using the concept of 

linear assignment transformed into a fuzzy linear programming (FLP) problem. Finally, 

we can solve the FLP problem and determine the best prototype. 

QFD begins with the identification of customer requirements and their mapping 

into relevant engineering design requirements, as shown in Figure 4, where CR1 – CRI 

are the indented customer requirements, DR1- DRJ are the relevant engineering design 

requirements. The relationship between CRi and DRj reflects the impact of the 

fulfillment of DRj on the satisfaction of CRi. These relationships should be developed 

by QFD team members. The relationship between CRi and DRj and the relationship 

between the DRs themselves are usually determined subjectively by ambiguous or 

vague judgments. However, they are usually captured using symbols converted into 

crisp numbers using different measurement scales. The degree of these Rij relationships 

is usually expressed on a scale system such as 0,1, 3, and 9, representing linguistic 

expressions such as "no relationship", "weak/possible relationship", 

"medium/moderate relationship", and "strong relationship", respectively. The degree 

of rij relationships is expressed on a scale system of 1, 0, and -1, representing linguistic 

expressions “positive relationship”, "no relationship", and "negative relationship", 

respectively. 

3.4 Consider another inputs and outputs with DEA 

This study applies data envelopment analysis (DEA) to incorporate cost and 

environmental factors in QFD, in accordance to what Ramanathan and Yunfeng (2009) did. 

They proved that relative importance values computed by DEA coincide with traditional QFD 

calculations when only the ratings of DRs with respect to customer needs are considered. Each 

DR is considered as a DMU. Using input and output definition in DEA, CRs and other factors 

are classified as inputs and outputs, e.g. there are s outputs (consisting of t CRs and s-t other 

inputs), and m outputs (see Table 2). By solving the CCR-input oriented model for each DMU 

(DR). We can get the relative importance of each DR. Using arithmetic average to obtain the 

final overall efficiency scores in such uncertainty environment (Ebrahimi 2019, 

Emrouznejad and Yang 2018). 

 
 

r11 rjj rJJ 

Weight 
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rlJ 

rlj rjJ 

 
 

  DR1 ... DRj ... DRJ 

 CR1 W1 R11 ... R1j ... R1J 

  ... ... ... ... ... 

CRi Wi Ri1 ... Rij ... RiJ 

.....  ... ... ... ... ... 

CRI WI RI1 
... RIj ... RIJ 

 

Figure 4. HOQ Table 2. Classification of CRs and additional factors as 
inputs and outputs 

 
 

  
Output 1 

 
Output 2 

  
Output t 

 
Additional output factors 

 
Additional input factors 

CR1 CR2 … CRt Output t+1 … Output S Input 1 … Input m 

DMU1 

(DR1) 
y11 y21 … yt1 yt+1,1 … ys,1 x11 … xm1 

DMU2 

(DR2) 
y12 y22 … yt2 yt+1,2 … ys,2 x12 … xm2 

… … … … … … … … … … … 

DMUn 
(DRJ) 

 
y1J 

 
y2J 

 
… 

 
ytJ 

 
yt+1,J 

 
… 

 
ys,J 

 
x1n 

 
… 

 
xmn 

 

The traditional QFD relationship to the engineering can be based on the 

experience of the engineer or the QFD team to find the appropriate parameters. Each 

member (defiend as k decision makers (𝐷𝑀𝑘), where 𝑘 = 1,2, … , 𝐾) will prove 

different evaluation from other people's evaluation mode and then will produce 

different evaluation results, thus generating innacurate fulfilment to customers’ 

need/demand. Furthermore, when there are significant interrelationships between the 

DRs, this information should be used to normalized the entries of the relationship 

between CRs and DRs. Therefore the normalization of Rij is shown as in Equation (1) 

below. 
𝒏 

∑ 𝐑𝐢𝐥∙𝐫𝐥𝐣 

𝐑𝐧𝐨𝐫𝐦𝐢𝐣 ∑𝐣=𝟏∑𝐥=𝟏 𝐑𝐢𝐣∙𝐫𝐥𝐣 𝒊, 𝒋 (1) 
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0

ij

 
Where Rnorm

ij : denotes the relationship of CRi and DRj level in terms of score between the 

CRi and DRj , and rij is the interrelationship score between DRi and DRj . Rnorm is the 

normalized relationship value between CRi and DRj , m is the number of CRs, n is the number 

of DRs. This study used DEA to overcome 

the uncertainty of the QFD team. The subjective assessment of each member is directly 

taken into account and the envelope analysis method decision model in the group 

context is constructed. 

3.5 Determine design parameter’s weights 
 

The design criteria are further developed by using optimization which transformed 

into a linear programming (LP) problem. The subjective assessment is directly taken 

into account and the without using the CCR model or the BCC model, the grouped- 

DEA model for QFDE is constructed. (Pourmahmoud and Babazadeh 2017). A model 

is proposed for parameter ranking as the study included project management factors as 

evaluation factor (accommodating 𝐷𝑀𝑘) . The model is described as follows: 

min ∑𝐾𝑘=1(∑𝑚𝑖=1 𝑣𝑖𝑥 𝑘𝑢𝑟𝑦𝑟
( 𝑘) ) (2) s.t. 𝑠 𝑢𝑟𝑦𝑟𝑗(𝑘) 

= 0 , ∀ 𝑗, 𝑘 
 

𝑟=1 
 
 

𝑖 
 

𝑢𝑟 ≥ 𝜀 , ∀ 𝑟 

𝑣𝑖 ≥ 𝜀 , ∀ 𝑖 

𝑤𝑖𝑗 ≥ 𝜀 , ∀ 𝑖, 𝑗 

Where 𝑦  is the assessment relationship between the output (including CR and the 

other outputs) r and DMU0 given by DM k, 𝑥𝑖
(
0𝑘) is the assesement relationship between 

the input i and the DMU0 given by the DM k, ‘0’ index in those two parameters is 

referring to the evaluated DMU0 (0∈j=1; 2;…; n), and ℎ𝑘 is the relative importance 

weight of k. The 𝑢𝑟 (r = 1; 2;…; s) are the weights of outputs, 𝑣𝑖 (i = 1; 2;…;m) are the 

weights of inputs and the model is used to obtained the efficiency score of DMUj (j = 

1; 2;…; n). Here Ɛ is a small amount of positive. So the last three constraints are caused 

that all variables 𝑢𝑟(r = 1; 2;…; s), 𝑣𝑖(r = 1; 2;…;m) and 𝑤𝑖𝑗 (i = 1; 2;…; m and j = 1; 

2;…; n) are always positive values. Equation (2) is used to optimize the efficiency 
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FQFD 

 
 Customers Needs 

 The engineering 
parameter (DRs) 

TRIZ 

 

score (relatives weight) of every DMU for parameter ranking where the minimization 

of the relatives weight is subjected to the formulated constraints. 

 
3.6 Rank design parameters 

After we have determined the product engineering parameter (DRs) weights, we 

will rank them. Based on the ranked design parameters, we can connect them with 

TRIZ engineering parameters. Following the FQFD and TRIZ analysis mentioned 

before, we can affirm that from the integration of FQFD and TRIZ innovative solutions 

arises a proposal of a new design method as shown in the following picture (Figure 5), 

considering that FQFD input are “Customers’ Needs”, then output will be generated as 

“Product Innovation solution”. 

 
 

FQFD Output-TRIZ Input TRIZ Output 
 

Figure 5. Combined FQFD and TRIZ method 

 
3.7 Find trigger solutions from contradiction matrix 

TRIZ researchers have configured a tool called a Contradiction Matrix which 

takes the list of parameters inside the product engineering parameter weights, 

analyzing the strategies that inventors have used to improve these parameters without 

adversely affecting on other design parameters (i.e. the contradiction-breaking 

strategies) results in the list of Inventive Principles. Using TRIZ to find out 

correspondent engineering parameters. The engineering parameter and inventive 

principle obtained in this part mainly serves for the purpose of providing engineers a 

criteria and limitations to a certain degree (providing trigger solutions) instead of free 

development of design. Such results obtained will meet customer requirements and 

decrease the complication of subsequent evaluation on strategic design. Engineers will 

get some innovative ideas due to TRIZ inventive characteristics. 

Product 

Innovation 
solution 
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4. Case Study 

The case study is to design a pressure vessel for improving its features. The 

combination of Grouped QFDEA and TRIZ raised by this study for constructing 

product conception design pattern mainly serves the purpose of discussing how design 

management methods raised in early phases of design influence the overall 

development speed, cost, and reliability of product development. Therefore, this study 

provides the example of an innovative design on pressure vessel to verify the effect of 

such a pattern. 

4.1 Search customer requirements 

Pressure vessels are widely used in various industries. Poor structure or long-term 

storage reduces reliability which lead to cracks and explosions. In this study has a 

design temperature according to the ASME specification, the temperature is set 

between -29 °C and 345 °C, and the pressure specification is A1 (ultra-high pressure 

vessel, high-pressure vessel). The Taiwanese regulations are called the first pressure 

vessel. The CRs are listed in table 3, and they have four kinds and 14 items. 

 
 

Table 3. Customer requirements of pressure vessels 

Performance Structural safety Environmentally 
resistant 

High and low-temperature 
resistance 

Weight Anti-corrosion 

Greatest pressure Mechanical properties 

Cost of production Raw material Others Quality 

Production equipment Reliability 

Manufacturing Interface Type 

Appearence 

Cost 

4.2 Find design requirements 

According to the CRs, we find the corresponding DRs, as shown in Table 4, to 
establish the relationships matrix. 

Table 4. the Design requirements of pressure vessels 

Load Tolerance temperature Outer diameter Manufacture mode 

Length Anti-leakage Operating method  
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Withstand presurre Cylinder strength (thickness) Transport design  

4.3 Establish fuzzy QFD + HOQ 
 

The customer requirements are included for the product-related stakeholders. The 

engineering requirements are based on ASME (2013), CNS 9796-2001, and the 

pressure vessel safety inspection construction standard, the Labor Department of the 

Executive Yuan of Taiwan. We interview engineers with more than 20 years of design 

experience in the industry, and set the relevant House of Quality (HOQ) as shown in 

Figure 6. 

4.4 Consider additional inputs and outputs 

The definition and ranking of technology readiness level (TRL, technology 

maturity) and manufacturing readiness level (MRL, manufacturing maturity) are not 

exactly the same in different countries and industries. This study uses DoD 

classification (DoD 2003) as the evaluation criteria, as shown in Tables 5 and 6. The 

product company has the third level for both TRL and MRL. 

Table 5. TRL definition 

TRL Definition 

1 Basic principles observed and reported 

2 Technology concept and/or application formulated 

3 Analytical and experimental critical function and/or characteristic proof-of-concept 

4 Component and/or breadboard functional verification in laboratory environment 

5 Component and/or breadboard critical function verification in relevant environment 

6 Model demonstrating the critical functions of the element in a relevant environment 

7 Model demonstrating the element performance for the operational environment 

8 Actual system completed and accepted for flight ("flight qualified") 

9 Actual system "flight proven" through successful mission operations 

Table 6. MRL definition 

MRL Definition 

1 Basic manufacturing implications identified 
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2 Manufacturing concepts identified 

3 Manufacturing proof of concept developed 

4 Capability to produce the technology in a laboratory environment. 

5 Capability to produce prototype components in a production relevant environment. 

6 Capability to produce a prototype system or subsystem in a production relevant 
environment. 

7 Capability to produce systems, subsystems or components in a production representative 
environment 

8 Pilot line capability demonstrated. Ready to begin low rate production. 

9 Low rate production demonstrated. Capability in place to begin Full Rate Production. 

10 Full rate production demonstrated and lean production practices in place. 
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Notes: Symbol of Rij: ◎ stands for strong relation (score 9 is assigned), ○: moderate (3), and 𝗈: weak (1). Symbol of rij: +: positive 
impact (1), <blank>: no impac (0) and -: negative impact (-1). CR weights: 1 (lowest) to 10 (highest). 

Figure 6. The HOQ for pressure vessel 4.5 Determine Design Parameter’s weights 

For our DEA study, CRs are the outputs as Figure 6, and TRL, MRL, Risk, and Environmental 

factor are additional inputs, as shown in Table 7, with their weights and relations with DRs for the 

foundation of HOQ. Five experts are requested to evaluate the product HOQ for the relations between 

DRs and CRs plus inputs. 

 
Table 7. Classification of additional factors as inputs 

Additional inputs W DR1 DR2 DR3 DR4 DR5 DR6 DR7 DR8 DR9 DR10 

Technology Readiness Level, TRL 3 ◎ ◎ ◎ ◎ ◎ ◎ ◎ ◎ 
𝗈 

◎ 

Manufacturing Maturity (MRL) 3 ○ ○ 
◎ ◎ ◎ 

○ 
◎ ◎  

○ 

Risk 10 ◎ ◎ ◎ ◎ 
○ ○ 

◎ ◎  
○ 

Environmental factor (green 
design, manufacturing, and safety) 

 
8 

 
◎ 

 
○ 

 
◎ 

 
◎ 

 
◎ 

 
◎ 

 
◎ 

 
◎ 

 
𝗈 

 
○ 

4.6 Determine and Rank Design Parameter’s Weights with DEA 

From the FQFD and DEA methodologies discussed before, based on five experts evaluation data, 

we run for the correlation test for each DR, the “transport design” did not pass, so the rest DRs become 

the design parameters. Their absolute weights and relative weights are shown in Table 8, and the 

importance of design parameters can be found. In this research, not only CRs but also four additional 

factors are considered for the selection of most important design parameters, which will be followed 

for TRIZ innovative solutions. 

Table 8. Rank of the pressure vessel parameter weights 
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4.7 Identify improving parameters and worsening parameters for CM 

The design parameters are selected from the results of the Grouped QFDEA. In order to improve 

the withstand pressure and load bearing weight, manufacturing precision will be decreased. Also, the 

productivity will be reduced, when manufacturing mode changing from metal forming to composite 

material froming. In addition, in order to improve the temperature tolerance and improve the opening 

method, manufacturing accuracy will worsened. From the above arguments, improving parameters and 

worsening parameters are identified for using TRIZ contradiction matrix (CM). Two CMs are used, 

the original one and Matrix 2003, as shown in Table 9. Through this process, many inventive principles 

are indentified. Table 10 shows the occurrence frequency of inventive principles for pressure vessel 

product design. Parameter changes, Preliminary anti-action, and Local quality are the first three 

inventive principles occurring more. We will check each inventive principle from the list of Table 10 

to find the possible trigger solutions, as shown in Table 11. 
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Table 9. Contradiction matrix of pressure vessel design 

Notes: Number in () for the origional contradiction matrix parameter. Number in [] for the Matrix 2003 

contradiction matrix parameter. 

Table 10. Occurrence frequency of inventive principles for pressure vessel product design 

Inventive principles times Inventive principles times Inventive principles times 

 
35 Parameter changes 

 
19 

16 Partial or excessive 
actions 

 
5 

 
36 Phase transitions 

 
2 

10 Preliminary 
antiaction 

 
15 

 
14 Curvature 

 
4 

 
12 Equipotentiality 

 
2 



The 2019 International Conference on Systematic Innovation 

July 08-11, 2019, Liverpool, The UK 

382 

 

 

3 Local quality 15 26 Copy 3 39 Inert atmosphere 1 

28 Mechanics 
substitution 

 
14 

 
37 Thermal expansion 

 
3 

11 Beforehand 
cushioning 

 
1 

 
1 Segmentation 

 
11 

18 Mechanical 
vibration 

 
3 

13 The other way 
around 

 
1 

 
24 Intermediary 

 
9 

34 Discarding and 
recovering 

 
3 

 
31 Porous materials 

 
1 

17 Another dimension 8 4 Asymmetry 3 7 Nested doll 1 

40 Composite 
materials 

 
8 

 
15 Dynamization 

 
3 

 
19 Periodic action 

 
1 

 
25 Self-service 

 
8 

 
23 Feedback 

 
3 

9 Preliminary antiaction  
1 

 
2 Taking out/ 
separation 

 

7 

30 

Flexible shells and thin 
films 

 

2 

 
 
 

22 Blessing in disguise 

 
 
 

1 
29 Pneumatics and 
hydraulics 

 
6 

 
5 Merging 

 
3 

32 Color changes 5 6 Universality 2 

 
 
 

Table 11. Trigger solutions for pressure vessel product design 

TRIZ inventive 
principles 

Trigger solutions TRIZ inventive 
principles 

Trigger solutions 

10 Preliminary 

Anti-Action 

Using Pre-formed technology 
 

 
 
 
 

3 Local quality Pre-forming technology 

for the joint between the 

shell metal and the 

composite 
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2 Taking out/ 
separation 

The inner diameter is 
controlled by the mold core 
and is separated after the shell 
is formed for a hollow shell 

28 Mechanics 
substitution 

Use a thickness gauge to 
verify the thickness of 
the composite winding 
instead of the mechanical 
size test 

17 Another 
dimension 

Stacking thickness using 
winding technology 

40 Composite 
materials 

Change the metal shell to 
a composite housing 

32 Color 
changes 

Because the material used 
changes, the color of the 
exterior changes with the 
material. 

 
 

24 Intermediary 

Using glue between the 
core and the shell and 
between the filaments 

 

 

15 
Dynamization 

Divide the shell into straight 
sections and arcs 

30 Flexible shells 
and thin films 

The film is separated by 

a release paper to avoid 

sticking 

6 Universality New products need to be able 
to store gas, gunpowder or 
biochemical materials 

1 Segmentation Forming the case in one 
piece to improve solder 
joint degradation 

 
TRIZ inventive 
principles 

Trigger solutions TRIZ inventive 
principles 

Trigger solution 

14 Curvature Use winding technology to 
achieve surface machining. 

 

 
 
 
 
 
 
 
 
 
 

34 Discarding and 
recovering 

The mold core uses a 
sand mold instead of 
the metal mold core, 
and the sand mold can 
be washed and 
discarded after 
forming 
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35 Parameter 
changes 

According to customer 
needs to make 
different 
pressure 
vessels 

11 Beforehand 
cushioning 

Pre-make the mold to 
ensure the correct size 

 

 

Based on the above trigger solutions, our product design for pressure vessel has many suggestions 

in various aspects and will be implemented as suggested. 

4.8 Build the product 
 

In order to improve the problems of metal fatigue, aging, stress corrosion, corrosion, thinning and 

deterioration of welded parts, composite materials are used to replace metal materials in this study, and 

related processes are pre-formed according to TRIZ analysis results and intermediate media, process 

consolidation and other modes are used to carry out the product design implementation. Composite 

pressure vessel design section view is shown in Figure 7. 

 

Insulation layer  
Metal layer 

 
 
 
 
 

CFRP  

Mould 
 
 
 

 

Figure 7. Composite pressure design profile 

 
The carbon fiber composite material (CFRP) is a new material with excellent mechanical properties: 

rigidity, corrosion resistance, high-temperature resistance, etc.. The strength of the shell made of 
carbon fiber composite material is increased by 3 times and the weight is reduced by 50%, compared 

with the metal material casing (Gohari, et al.., 2011). In this study, the composite material winding 
method adopts wet winding, and the winding pattern includes glass fiber mat /90∘/18∘/45 ∘carbon 

fiber cloth, etc., The winding Pattern is shown in Figure 8. Filament-wound (FW) composite 
pressure vessels utilizing high strength-density and modulus-density ratio materials offer significant 

weight savings over conventional, therefore provide greater structural efficiencies (hence lower 
weight) than all-metallic pressure vessels of similar volume and pressure rating. The thickness is 

wound up to the appropriate number of layers according to customer requirements. After the 
pressure vessel shell is completed, the thickness is measured shown in Table 12。The thickness and 

the length meet the customer requirements. 
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Figure 8. Winding pattern entity diagram 

 
 

Table 12. Partial thickness test 
Length 
(cm) 

Thickness 
(mm) 

Length 
(cm) 

Thickness 
(mm) 

Length 
(cm) 

Thickness 
(mm) 

10 1.52 70 1.55 130 1.53 

30 1.5 90 1.54 150 1.59 

50 1.56 110 1.52 170 1.63 

The new product development of the pressure vessel is subjected to maximum burst pressure 

verification to ensure that the pressure specification meets the design requirements, as shown in 

Figure 9. The blasting phenomenon of the composite material shell is a fiber break, which does not 

cause accidents such as metal scattering, and also improves the defects of metal material corrosion. 

The product developed in this case has the advantages of low cost, lightweight, and high-pressure 

resistance, as shown in Table 13. However, there is still a room for improvement in product process 

stability. The research process and method of this study can provide the industry with design reference 

in product innovation and value-added and can achieve the ability to improve industrial technology. 

Following-up related new product development can use this research result, which can effectively 

shorten the R&D and verification process. 

 

Figure 9. The Maximum burst pressure test diagram 
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Table 13. Comparison of metal pressure vessels and composite pressure vessels 

Item Composite pressure vessels Metal pressure vessels 

Weight Lighter than metal pressure vessels 
 

Maximum 
withstand pressure 

>1.25 metal pressure vessels  

Processing method One-piece forming to improve 
solder joint degradation 

Segmented metal welding 

MRL Small batch production Mass production 

Cost Lower 1.5 times 

 
In this study, optimization of customer requirements with respect to the design attributes addresses 

the pressure strength of the container as main priority. The use of linear programming to identify 

critical problem points provides a decision model prior to solution generation. The problem with 

material strength is directly addressed by the ranking results. The use of LP proved a significant 

decision-making by filtering engineering parameters in contradiction. Needs are concentrated and 

more focused that solutions are more effective. Use of composite materials is proposed and produced 

major improvements to reliability. The composite material such as carbon fiber reinforced polymer 

(CFRP) is a new material with excellent mechanical properties for the container shell. Its features such 

as rigidity/specific gravity, corrosion resistance, high temperature resistance, etc. improve base 

conditions. The strength of the shell made of carbon fiber composite material is increased by 3 times 

and the weight is reduced by 50% compared with the metal material casing. The resulting design solves 

the reliability risk of the container with the replacement of its initial material also improving its weight. 

5. Conclusion 

This study develops a design methodology, which combines TRIZ, Fuzzy QFD, and DEA to 

address the reliability shortfall and safety issues. The optimization of customer requirements with 

respect to the design requirements with additional input considerations is addressed. The use of linear 

programming to identify critical problem points provides a decision model prior to solution generation. 

The products developed in this case have the advantages of low cost, light weight, and high pressure 

resistance design for pressure vessels. The resulting design does not only innovate pressure vessels but 

also is a design reference which promotes safety on pressure vessels from the known harsh 

environment. 

For the future study, the methodology can be applied to other product designs. The specific case 

study is also able to combine TRIZ and Lean methods for systematic improvement projects. 
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Abstract 
 

Many people are suffering from tinnitus. Tinnitus is a symptom that people always 

hear unpleasant sounds and can not get rid of it. The reasons leading to tinnitus are still 

unknown. Traditional Chinese medicine and Western medic give different explanations 

to tinnitus. Tinnitus nearly can not be cured. We accidentally find that some sounds of 

tinnitus come from environment noises. And, we begin to verify the assumptions by 

trying to detect these tiny noises. Systematic innovation and TRIZ’s training help us 

find the way to detect tiny noises. In this paper, we proposed methods to detect tiny 

sounds and tiny vibrations that cause tinnitus. By identifying the sounds and vibrations, 

Tinnitus people can escape noising sceneries or make their environment more 

comfortable. By being aware that they can hear tiny sounds, tinnitus people can deal 

with tinnitus with a positive attitude and feel less anxious and have a better life-quality. 

 
Keywords: fight-or-flight , tinnitus, TRIZ, vibrations 

 

1. Introduction 
 

Tinnitus is a common symptom that people always hear unpleasant sounds and can 

not get rid of it. Sounds of tinnitus are different Tinnitus sounds are like ringing, hissing, 

roaring, crickets, screeching. The clauses of tinnitus are still of uncertainty. Some 

possible clauses are head and neck injuries, ear infections, earwax, Eustachian tube 

problems, traumatic brain injury, cardiovascular diseases, diabetes, and so on. In 

Traditional Chinese Medicine, tinnitus is considered as a circulation problem around 

the ear, neck or shoulder region. TCM practitioner believes the ears are the openings of 

the kidney on the body surface. Tinnitus is not an auditory disease, but it is often related 

to certain channels and particular internal organs. 
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We accidentally find that some sounds of tinnitus come from environment noises. 

The fight-or-flight response is a physiological reaction that occurs in response to a 

perceived harmful event, attack, or threat to survival(Cannon 1915). If tinnitus is caused 

by stress, the body will do fight-or-flight response(ZAL 1999, Sahley and Nodar 2001). 

So, we can hear very tiny sounds and feel tiny vibrations. In this article, we will 

introduce a radical method which can identify the source triggering tinnitus in 

environment. And the key challenge is how to detect tiny voices and tiny vibrations. 

Once we identify the noise, those people with tinnitus can escape the environment or 

try to improve their environments to easy their tinnitus. 

 
2. Methodology 

 
Figure 1 shows the research method. In the study process, we understand Auditory 

system, collected evidence of tinnitus and find it is possible that people with tinnitus 

might hear tiny sounds and sense tiny vibration. The question now arises: How can we 

detect tiny sounds and tiny vibrations. Bases on the essentials of system innovation, we 

develop methods to collect these sounds and vibrations and visualize them. With 

visualization of sounds and vibrations, people with tinnitus aware something indeed 

cause them hear offensive sounds and take some safety measures, like leaving the spot 

of stopping environmental noises. 
 

 
Figure 1 Research method 
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There are 2 ways that people can hear sounds. One way is through ears. The other 

way is bone conduction. Bone conduction is the conduction of sound to the inner ear 

through the bones of the skull, allowing the user to consume audio content bypass the 

eardrums. Bone conduction transmission can be used with individuals with normal or 

impaired hearing. 

 
The methodology is based on evidence that people under stress can cause tinnitus. 

This sort of tinnitus is a symptom of fight-or-flight response. Under fight-or-flight 

reaction, human can choose fight with stress or flight from reaction. If a person chooses 

fight mode, all his/her body will prepare for fight by getting more nervous and 

increasing more adrenaline. In fact, he can hear tiny voice and what he is hearing could 

be recognized as tinnitus. 

 
2.1. Collect Data 

 
We identify noises by methods of Resource Optimization (Silverstein, et al. 2012) 

and Su-Field Analysis. As people knows, sound wave are composed or frequency and 

amplitude. We recognized frequency and amplitude as resources. To detect vibrations, 

we introduce a plastic box to change the vibration into sounds. Since the amplitude is 

very small, we figure out a method to record it by using SONY handycam HDRCX430V, 

and directional microphone and iPad mini. Figure 2 shows the devices to record tiny 

sounds. This sound is too small to be recorded, so we add a sensitive directional 

microphone to record sounds. Figure 3 shows a brand-new method to detect small 

vibration. By adding a soft plastic box, the vibrations apply kinetic friction to the plastic 

box, and convert it to sounds. And the sounds is recordable by our collect devices. 
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iPad can be also be a standalone collect device, and it is a real time method by 

using iPad. iPad must be installed spectrum view software, and enable Automatic Gain 

Control function. Attach the iPad mic to the surface of wall, we can view the FFT of 

the noise instantly and realize if there are offensive noises or auditory hallucination. 

 
2.1. Analysis Data 

 
In order to visualize the noises sound, we use software Audiodirector or Spectrum 

view. These software help people visualize noise. The data on SONY handycam must 

be transferred to a PC, and process by Audiodirector V12.0 to get a FFT diagram. As 

for iPad, it is installed spectrum view and can analysis FFT diagram instantly. 

 
Figure 4 show the flow cart of how to identify a noise source. The first step is to 

collect noises. In method 1, we use iPad and spectrum view to collect it. This method 

has an advantage because it is real time. We can identify noise in time. The 

 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 3 Attach a soft plastic box to detect vibration 

 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2 Collect devices (SONY HDR 

CX430V, and directional microphone - 

Audio-technica AT9941) 
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Figure 4 Flow chat of tinnitus solution 
 

3. Results and Discussion 
 

Sound frequency spectrum and Fast Fourier Transform analysis are the results. 

These results can show those noises contributing tinnitus. Figure 5 is a FFT of white 

noise and white noise can ease people’s mind and tinnitus. In this environment, some 

people’s tinnitus can be eased. It is not only the white noise cover the tinnitus sounds, 

but also no offensive noises exist. Figure 6 is a FFT of an environment that tinnitus 

people feel uncomfortable. Both the environments are very quiet, a healthy people can 

not tell the difference from these two environments. But a tinnitus people can easily 

feel comfortable and uncomfortable. Compared with Figure 5, Figure 6’s curve is not 

starkly steep as Figure 5’s. Therefore it is reasonable to conclude that the extra part 

causes a person tinnitus and this is a major contribution of the research. Figure 7 shows 

another analysis method that also shows the offensive noise. These noises are so tiny 

that hardly to record it. But it indeed exists and causes louder tinnitus. These db of 

noises must be small enough, so that it can cause very loud tinnitus.   If these noises 

are large enough, they won’t cause tinnitus and become ordinary noises. 
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Figure 5 This is a white noise FFT, that 

can ease tinnitus 
Figure 6 This FFT shows an offensive 

noise. 

 

 
 

Figure 7 Offensive noises that make tinnitus worser 

 
As far as we know, most of the noises and vibrations come from motor, refrigerator 

and so on. So keeping far from these noise resource is good to tinnitus. 

 
4. Conclusion 

 
This paper maybe the original paper of that reveals tiny sounds and vibrations 

cause tinnitus symptom, and we propose the methods to detect tiny noises and 

vibrations. People with tinnitus can leave this offensive spot and feel better. In this paper, 

fight-or-flight response is introduced, and methods to identify noises are proposed. 

These can make contributions to tinnitus people. 
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Abstract 

The flower extrusion is the most difficult and value-added process in the cake decoration. The process 

needs not only individual aesthetic literacy but also long-term skillful training. For those who are 

inexperienced, the first problem in the flower extrusion is how to select the suitable pastry tips before the 

piping process implemented. Therefore, in this paper, we integrated the systematic innovation method and 

fuzzy markup language (FML) on the application of the pastry tips selection. First, we defined the situation 

of the problem, and analyzed the problem with the functional analysis tool. Then we established the FML 

rules of pastry tips selection based on the flowers’ features. The contribution of this paper is to propose 

and establish a method to help inexperienced people select the suitable pastry tips. Moreover, it can be 

further developed to form a teaching and training system. 

 
Keywords: Systematic Innovation Method, Fuzzy Markup Language, Pastry Tips, Knowledge Base. 

 

1. Introduction 
 

The flower extrusion is the most difficult and value-added process in the cake decoration. The process 

needs not only individual aesthetic literacy but also long-term skillful training. For those who are 

inexperienced, the first problem in the flower extrusion is how to select the suitable pastry tips before the 

piping process implemented. Therefore, in this paper, we integrated the systematic innovation method and 

fuzzy markup language (FML) on the application of the pastry tips selection. 
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2. Literature Review 
 

The theory of inventive problem solving (TRIZ) has widely adopted in diverse disciplines as an 

effective systematic innovation method (Altshuller, 1984; Mann, 2002; Mann, and Dewulf, 2002; Livitin, 

2011). TRIZ can be integrated other tools as a powerful method for product development, there have been 

many studies that integrate TRIZ and others techniques or tools such as AHP (Chang & Chen, 2004), QFD 

(Li et al., 2009) and Kano (Chen & Chang, 2008). Pin et al. (2011) have applied TRIZ principles in crowd 

management and found it is a feasible method for solving problems. Fresner et al. (2010) have developed 

a approach for option identification for cleaner production projects. There are other applications of TRIZ 

such as safety improvement (Scyoc, 2008) and eco-design (Jones and Harrison, 2000). 

 
As fuzzy logic controllers (FLCs) have been widely used in many applications, FML was proposed 

by Acampora & Loia (2005) to make FLCs more human-readable, efficient, extendible, compatible and 

hardware independent based on extensible markup language (XML) (Lee et al., 2018). Its usefulness was 

also accepted by the IEEE and it has been an IEEE standard since May 2016 (IEEE Standards Association, 

2016). With its advantages, FML has been used to solve various problems. For examples, Loia (2011) 

used it with fuzzy ontologies to generate fuzzy inference mechanisms and semantic decision making 

systems for web intelligence applications. Lee et al. (2012) integrated it with a genetic algorithm (GA) to 

help infer the next good-move position at each round for increasing the winning rate of the NoGo game. 

Acampora et al. (2013) combined it with a distributed learning strategy to implement an agent-based 

framework designed for providing proactive and distributed services in an ambient intelligent scenario. In 

2018, it was integrated with particle swarm optimization (PSO) for student learning performance 

evaluation and educational applications (Lee et al., 2018). Their experimental results showed that the 

novel learning mechanism for the parameter estimation and learning optimization performs favorably. 

 
 

 
3. Research Method 

 
Figure 1 is a flow chart of the research in this paper. The 6W1H1G tool is used to define the 

problem situation. Then the functional analysis method is used to analyze the current problem. Then 

we collect the petal's appearance ratio, internal wrinkles and edge aliasing. The standard for collecting 

petal features. Then we build the flow of the FML rules and build a knowledge base and rule base that 

derives the squeezing nozzles from the petal features. Finally, some examples are given for a brief 

explanation. In the future, we will further train and validate the established fuzzy rules and establish 

the educational training system as the ultimate goal. 
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In this paper, we explain and define the problems encountered by inexperienced people when they 

squeeze the flowers, as shown in Table 1. Figure 2 is a functional analysis diagram of cake squeezing as 

an example. Here we focus on the problems encountered by inexperienced beginners in the selection of 

squeezing nozzles. 

 
Problem Situation Definition 

 

 
 

 

 
Functional Analysis 

 

 
 

 

 
Petal features Collection 

 

  

Preliminary Rules Establishment 
(Derivation of petal by features corresponding petal pastry tip) 

 

 
 

 Rule Training and Verification  

 
 

 

 Educational training system Establishment  

 
Figure 1. Flowchart of this paper 

 
Table 1. 6W1H1G for the problem scenario analysis 
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Flower extrusion Pastry tips 

Establish a Knowledge Base 

Determine the Aspect Ratio of 
the petal shape 

  

Determine the number of 
Wrinkles inside the petal 

  

Determine the degree of 
Sawtooth the petal 

 
Establish a rule base for the Pastry tips 
corrrespond to the Flower Extrusion 

 
Collect the mapping of pastry 

tips and Extruded Flower 

  
 

Catalog pastry tips based on 
the parts of the flower 

 

  
 

Figure 2. Function analysis of flower extrusion process 
 

4. Research Results 
 

Figure 3 depicts the procedure to build a FML-based rule inference system for the pastry tips 

selection. The first step is to collect the data of flower features and their corresponding pastry tip(s). 

Based on the above data, the second and third steps are to build the FML-based knowledge base and 

rule base, respectively. Taking petal extrusion as an example, the detailed descriptions of the three steps 

are shown in the following sub-sections. 

Data Collection 
 
 
 

 
 
 
 
 
 

 

Figure 3. Flow chart for establishing rules 
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▪ 4.1 Collection of Petal features and corresponding pastry tip(s) 

 
For petal extrusion, three petal features were identified, namely the degrees of aspect ratio, wrinkle 

and sawtooth. Table 2 shows how to evaluate the values of the three features for a flower petal. In Table 

3, the petal features and corresponding pastry tip(s) of five common flowers (Narcissus, Rose, Cosmos, 

Clematis and Lotus) were collected. These data will be used for the second and third steps in Figure 3. 

 
Table 2. Rating scales for the three petal features 

 
 
 

 

 
 
 
 
 

Table 3. Petal features and corresponding pastry tips for five common flower 
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4.2 Initial FML-based knowledge base establishment of pastry tips selection 

 
Based on the results in Sub-section 4.1, this sub-section is to build an initial FML-based knowledge base 

for the pastry tips selection. That is, initial fuzzy membership functions are established for the input and 

output variables of this problem. For petal extrusion, there were three input variables (the degrees of aspect 

ratio, wrinkle and sawtooth) and one output variable (the degree of matching for a specific pastry tip). 

Based on Trapezoidal Fuzzy Number, the initial FML-based knowledge base is defined in Table 4 and 

visualized in Table 5. 

 
Table 4. Fuzzy membership functions for the input and output variables 

 

 
Table 5. Visualization of the Fuzzy membership functions 

 

 
 

▪ 4.3 FML-based rule base establishment of pastry tips selection 

 
Based on Table 6, the three input variables with their respective three fuzzy levels generally 

produce twenty-seven rules. Then, based on domain knowledge and collected data in Table 3, each rule 

will be assigned with a suitable value of the output variable. For instances, in Table 6, the first rule is 
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that if the degree of aspect ratio is low, the degree of wrinkle is less and the degree of sawtooth is sparse, 

then the corresponding pastry tip is No.123. 

 
Table 6. FML-based rule base for pastry tips selection 

 

Input variable Output variable 

Degree of
aspect ratio 

Degree of wrinkle Degree of sawtooth 
Corresponding 
petal pastry tip(s) 

Low Less Sparse No.123 

Low Less Suitable No.123 

Low Less Intensive No.123 

Low Middle Sparse No.104 

… 

High More Intensive No.103 
 
 

▪ 5 Conclusion 

 
In this paper, we integrated the systematic innovation method and fuzzy markup language (FML) on 

the application of the pastry tips selection. First, we defined the situation of the problem, and analyzed the 

problem with the functional analysis tool. Then we established the FML rules of pastry tips selection based 

on the flowers’ features. The contribution of this paper is to propose and establish a method to help 

inexperienced people select the suitable pastry tips. Moreover, it can be further developed to form a 

teaching and training system. 
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Abstract 
 

At present, the activity of free gift with purchase has become an important means 

in the product marketing. However, in present, most the styles or functions of the cooler 

bags in free gift with purchase activities are the same. This free gift lacking special or 

different features is difficult to attract customers. Therefore, in this paper, we redesign 

the cooler bags with systematic innovation method. Firstly, the main parameters of 

value (MPV) tool were adopted to analyze the customers’ values for the current cooler 

bag. So the attributes of the products that the customer needs but not satisfied can be 

found. Then based on these attributes, the deficient functions of the product were 

analyzed with function analysis tool. Finally, the scientific effect knowledge base tool 

was used to solve the problem so as to generate some valuable design. This paper will 

provide a research method reference for the design of free gifts with purchase in 

product marketing. 

 
Keywords: Cooler Bags, Main Parameters of Value (MPV), Function Analysis, 

Scientific Effect Knowledge Base. 

 
1. Introduction 

 
At present, the activity of free gift with purchase has become an important means 

in the product marketing. However, in present, most the styles or functions of the cooler 

bags in free gift with purchase activities are the same. This free gift lacking special or 

different features is difficult to attract customers. Therefore, in this paper, we redesign 

the cooler bags with systematic innovation method. 
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2. Literature Review 

 
TRIZ theory has been changed and extended by researchers. The TRIZ theory 

development can be divided into four stages: classic TRIZ, Innovative Technology of 

Design, TRIZ plus and GEN3 TRIZ as shown in Figure 1 (Livtin, 2011). The objective 

in each stage is different and the Main Parameters of Value (MPV) has attracted more 

attentions. Many researchers have integrated TRIZ and tools in other disciplines such 

as AHP (Chang & Chen, 2004), QFD (Li et al., 2009) and Kano (Chen & Chang, 2008) 

to form an effective problem-solving method. Pin et al. (2011) have applied TRIZ 

principles in crowd management problem. Fresner et al. (2010) have developed a 

feasible method for option identification in production projects. There are many 

effective applications with TRIZ such as safety improvement (Scyoc, 2008) and eco- 

design (Jones and Harrison, 2000). Mann (2002) proposed a hierarchical framework 

for TRIZ (Figure 2). He divided TRIZ into four levels: tool, method, philosophy and 

excellence. The tools level contains many available and effective tools for problem 

analysis and solution generation. 

 

 

 

 
Figure 1. Evolution of systematic innovation methods (Livitin， 

2011). 
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Figure 2. The Levels of Systematic Innovation (Mann, 2002). 
 
 
 

3. Research Method 

Figure 3 shows the research flowchart in this paper. There are four stages: business 

opportunity identification, problem definition, problem analysis and problem solving. 

The corresponding tools for these four stages are: MPV, 6W1H1G, Function analysis 

and scientific effect knowledge base. 
 
 

 

 
Figure 3. The research flowchart in this paper 
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4. Research Results 
 

Based on the aforementioned flowchart, the research results were shown in Figure 

4 to Figure 8, Table 2 and Table3. Figure 4 shows the main parameters value (MPV) 

of cooler for customer bag at business opportunity identification stage. Table 1 shows 

problem scenario definition with 6W1H1G at problem definition stage. Figure 5 

shows the functional analysis of cooler bag at problem analysis stage. 

 
 

Figure 4. The main parameters value of cooler bag for customer 
 
 

Table 1. Problem scenario definition with 6W1H1G 

 



The 2019 International Conference on Systematic Innovation 
July 08-11, 2019, Liverpool, The UK 

408 

 

 

 
 
 
 

 
 
 
 

Figure 5. The functional analysis of cold storage bag at usage 
moment 

 
 
 

At the problem solving stage, TRIZ effects database tool 

(https://www.triz.co.uk/) was adopted to find the possible conceptual solutions. From 

the result of function analysis in Figure 5, we focused on the insufficient function of 

inner material or design in the cooler bag. Therefore, the queries: “Decease 

Temperature” and “Stabilize Temperature” and the subsequent suggestions are shown 

in Figure 6 and Figure 7. Furthermore, we arranged the intersection of solutions 

between the queries: “Decease Temperature” and “Stabilize Temperature” . Figure 8 

illustrates the suggestive methods of stabilize and decrease temperature and Table 2 

shows the intersectional solutions -suggestive methods of stabilize and decrease 

temperature 

 
. 
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Figure 6. Snapsots of the query-“Decease Temperature” and suggestions for 

cooler bag 
(TRIZ Effects Database) 

 

 

Figure 7. Snapsots of The query-“Stabilize 
Temperature” and suggestions for cooler 
bag. 

(TRIZ Effects Database) 
 
 
 

 
Figure 8. Suggestive methods of stabilize and decrease temperature 
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Table 2. Suggestive Methods of Stabilize and Decrease 
Temperature 

(TRIZ Effects Database) 
 

 
 
 

5. Conclusion 
 

In this paper, we adopted MPV tool to analyze the customers’ values for the 

current cooler bag. Then based on the important and not satisfied attributes, function 

analysis tool was used to find insufficient functions. Finally, the scientific effect 

knowledge base tool was used to solve the problem so as to generate some feasible 

conceptual suggestions. Although many efforts still need to do in the future. This paper 

has provided a research method reference for the design of free gifts with purchase in 

product marketing. 
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Abstract 
 

The flower extrusion is the most important and valuable process in the cake 

decoration. In the process, the extruded materials for the cake decoration are mostly 

made of hydrogenated oils as they are not susceptible to temperature. However, the 

hydrogenated oil has a negative influence on health. Although some people have 

changed the extruded material into bean paste, there still exists a problem of excessive 

calories and too high sweetness. Therefore, in this paper, we proposed a method to 

innovate and add the value of extruded material in cake decoration. Firstly, we used the 

main parameters of value (MPV) analysis to explore the factors that customers care but 

feel unsatisfied for the extruded materials in cake decoration. Then we adopted the 

functional analysis (FA) tool to understand the negative functions of the current 

extruded materials in cake decoration for the human body. Finally, the trend analysis 

was used to propose improvement suggestions. The method along with examples in this 

paper can provide a reference for innovation and added-value of product in the food 

and beverage industry. 

 
Keywords: Main Parameters of Value, Function Analysis, Trend Analysis, Cake 

Decoration. 

 
1. Introduction 

 
The flower extrusion is the most important and valuable process in the cake 

decoration. In the process, the extruded materials for the cake decoration are mostly 

made of hydrogenated oils as they are not susceptible to temperature. However, the 

hydrogenated oil has a negative influence on health. Although some people have 

changed the extruded material into bean paste, there still exists a problem of excessive 

calories and too high sweetness. Therefore, in this paper, we proposed a method to 

innovate and add the value of extruded material in cake decoration. 
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2. Literature Review 

Since the introduction of TRIZ by Genrich Altshuller in 1946, the theory has been 

changed and extended. The TRIZ theory development can be divided into four stages: 

classic TRIZ, Innovative Technology of Design, TRIZ plus and GEN3 TRIZ as shown 

in Figure 1(Livtin, 2011). The objective in each stage is different and the Main 

Parameters of Value (MPV) has attracted more attentions. The theory of inventive 

problem solving (TRIZ) has widely adopted in diverse disciplines as an effective 

systematic innovation method and it has revealed its promising development. TRIZ is 

a practical tool to integrate other tools as an effective method for product development. 

Many researches integrated TRIZ and others tools or techniques such as AHP (Chang 

& Chen, 2004), QFD (Li et al., 2009) and Kano (Chen & Chang, 2008). Pin et al. (2011) 

have applied TRIZ principles in crowd management problem. Fresner et al. (2010) have 

developed a effective method for option identification by adopting TRIZ for cleaner 

production projects. There are also many other applications of TRIZ such as safety 

improvement (Scyoc, 2008) and eco-design (Jones and Harrison, 2000). Based on 

Altshuller’s the Laws of development of technical systems (Altshuller, 1984), Mann 

(2002) proposed 35 evolutionary trends (Mann, 2002; Mann & Dewulf, 2002). Figure 

2 shows the spectrum of technology trends divided into space, time and interface 

categories (Mann, 2002). 
 
 
 

Figure 1. Evolution of systematic innovation methods. (Livitin，2011). 
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Figure 
2. 

 
 
 

Spectrum of Technology Trends Divided into Space, 

Time and 

Interface Categories (Mann, 2002) 

 
3. Research Method 

 
Figure 3 shows the research flowchart in this paper. There are four stages: 

opportunity identification, problem definition, problem analysis and solution 

generation. The corresponding tools for these four stages are: MPV, 6W1H1G, 

Function analysis and trend analysis. 
 
 
 

Figure 3. The Research Flowchart. 
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4. Research Results 
 

Based on the aforementioned flowchart, the research results were shown in Figure 

4, and Figure 5, and Table 1-3. Figure 4 shows the main parameters value of cake 

decoration bag at opportunity identification stage. Table 1 shows problem scenario 

definition with 6W1H1G at problem definition stage. Figure 5 shows the functional 

analysis of cake decoration at problem analysis stage. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4. The Main 
Parameters 

Value of Cake Decoration for consumer 
 
 
 
 
 
 

Table 1. 6WIHIG for the problem scenario analysis 
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Figure 
5. The 

 
 
 
 
 
 
 
 

 
functional analysis of cake decoration 

 
 

At the problem solving stage, we adopt trend analysis (Mann, 2002) to find the 

possible conceptual suggestive solutions based on MPV attributes. From the MPV 

analysis in Figure 3, we focused on the “customized cake decoration” and “sanitary 

manufacturing process”. Table 2 and Table 3 show the corresponding solutions- adopted 

trend along with suggestions for improvement for these two MPVs. 

 
 

Table 2. Trend Analysis based on “Customized cake decoration” MPV 

MPV 
Description and analysis 

Adopted Trend Suggestions for Improvement 

 

Customized 
cake 

decoration 

At present, cake 
decorations are made in 
some fixed styles that 
customers cannot select 
their preferences 

 

Range: Interface Item: 
reducing human 
involvement 

 

Add automation, let customers 
design the cake decoration 
patterns by themselves. 
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Table 3. Trend Analysis based on “Sanitary manufacturing process” MPV 
 

MPV Description and analysis Adopted Trend Suggestions for Improvement 

 
 

Sanitary 
manufacturing 

process 

 
Consumers don't know 
whether the cakes are 
made in sanitary 
manufacturing 
environment. 

 
 
Range: Interface 
Item: Increasing 
transparency 

The production process can be 
designed in a transparent 
environment, allowing 
customers to see the live 
production, so that customers 
can feel at ease. 

 
 

5. Conclusion 
 

In this paper, we proposed a method to innovate and add the value of extruded 

material in cake decoration. Firstly, we used the main parameters of value (MPV) 

analysis to explore the factors that customers care but feel unsatisfied for the extruded 

materials in cake decoration. Then we adopted the functional analysis (FA) tool to 

understand the negative functions of the current extruded materials in cake decoration 

for the human body. Finally, the trend analysis was used to propose improvement 

suggestions. The method along with examples in this paper can provide a reference for 

innovation and added-value of product in the food and beverage industry. 
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Abstract 
 

In addition to a variety of major diseases, the most common problem that plagues the health of 

the elderly is that they are difficult to sit and stand up from chairs, sofas and toilets, etc. because the 

knees are aging or unhealthy. Although there are many products on the market that can help the user 

to gradually tilt from the original seat to help stand up from the chair. However, due to the lifting 

mechanism is built into the seat, the entire set of seats is complex and expensive, and cannot help most 

people who need assistance. 

 
This research develops a portable seating assist device by systematic innovative method. It is 

designed to be portable and can be applied on one chair to the others. A combination of a labor-saving 

mechanism and some sets of compression springs are designed to achieve the goal of helping the 

elderly standing up much easier with less cost. 

 
Keywords: portable, seating assist, device, elderly. 

 

1. Introduction 
 

With the advancement of medical technology and the advancement of health care, people's life 

expectancy has gradually extended. As the age increases, the health of the elderly, in addition to a 

variety of major diseases, knee aging or loss of health often leads to the elder people hard to move 

freely. Simple movements in daily living such as sitting down and getting up in indoor seats, sofas, 

toilets, and the like, even becomes a problem. 

 
In order to meet the needs of the underprivileged minority suffering from knee joints and to help 

them getting up from the seats, sofas and toilets, there are many auxiliary lift seats on the market that 

can help users gradually tilt from the original position through the chair. The user can be lifted and to 

stand up from the chair with less effort. 
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Figure 1 shows the similar related accessories in the market. Since the auxiliary seat is built into 

the chair, the entire set of chair is complicated in structure and is expensive, and only very few people 

can afford it. It is hard to benefit the disadvantaged group with problems with knee joints. In addition, 

the lift-up mechanism built in the chair cannot be moved away from the chair for applying on other 

chairs, so the user cannot use the auxiliary seat in the other chair even at home. Not to mention to use 

it in the outdoors. 
 

 
Fig.1 A reclining lift chair 

 
2. Objective 

 
The purpose of this study is to develop a kind of "Portable Seating Assist Device". It is designed 

with simple structure and mechanism to reduce the cost and to be simpler, lighter, less expensive, and 

easy to move and carry. It will solve the problem and help a lot of people who cannot stand up 

independently because of their weak knees. 

 
3. Literature Review 

 
There are many technical patents on auxiliary lifting chairs and auxiliary cushions in Taiwan and 

other countries. By patent search it is found that there are a lot of related patents filed in Taiwan such 

as Patent No.I586343, "Activating the lift chair with his own movement ". In terms of foreign patent 

search, the largest number of patent applications for auxiliary lift chairs and auxiliary cushions is in 

the United States. There are many patents such as “Height adjustable wheelchair” in US patent 

US6540250B1. Due to the length of the article, only 20 items respectively are listed in this paper, as 

shown in Table 1 and Table 2. 

 
After analysis, the above related patents are different from the means used in this study. The 

auxiliary cushion developed in this study is an innovative technology. 
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Table 1 Patent Search related to lifting seat and lifting cushion in Taiwan. 
 
 

Item PAT. NO. Title 

1 I586343 Activating the lift chair with his own movement 

2 M552806 Labor-saving self lift assist structure 

3 M543067 Auxiliary chair to stand up 

4 M542458 Auxiliary cushion for standing up from a chair 

5 M541845 Device with seat assisted push-up mechanism 

6 I565458 Auxiliary device for standing up from a chair 

7 M527715 Auxiliary chair to stand up 

8 M522017 Portable electric lift chair 

9 M519503 Slidable cushion and back pad auxiliary standing wheelchair 

10 M518514 Structure of an auxiliary chair for standing up 

11 M515382 Multifunctional auxiliary device for standing up 

12 M511313 Auxiliary chair 

13 M510744 Auxiliary device for standing up from a chair 

14 M509033 Assist device for standing up from a chair 

15 M506530 Lift chair structure 

16 M505291 Assist device for standing up 

17 M502460 Auxiliary device for standing up 

18 M499909 Foldable lift chair 

19 M495144 Assist cushion 

20 I465230 Wheelchair that can assist standing 

 
Table 2 Patent Search related to lifting seat and lifting cushion in America. 

 
 

Item PAT. NO. Title 

1 US6540250B1 Height adjustable wheelchair 

2 US6637818B2 Portable lift seat apparatus 

3 US6440046B1 Disabled user lift system 

4 US6213554B1 Lift chair 

5 US6113188A Portable seating assist device 

6 US5931532A Lift recliner chair with safety system 

7 US5984411A Elevator chair 

8 US5984338A Lightweight stabilized raising chair 

9 US5806920A Fully reclinable elevator lift chair with ottoman 
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10 US5772226A Lifting device for a stand-up wheelchair, and a wheelchair using the same 

11 US5730494A Linear actuation drive mechanism for power-assisted chairs 

12 US5701968A Transitional power mobility aid for physically challenged children 

13 US5513867A Seat-lift wheelchair 

14 US5466046A Linear actuation drive mechanism for power-assisted chairs 

15 US5346280A Chair with automatic standing aid 

16 US5316370A Seat assist 

17 US5312153A Recline lift wall hugger chair 

18 US6000758A Reclining lift chair 

19 US5230113A Multiple position adjustable day night patient bed chair 

20 US5265935A Stand-assist recliner chair 
 

In the US patent, Figures 2 to 7 are patents more relevant to this study. The patents related to the 

auxiliary cushions are driven by a pneumatic rod, or a separate motor, or a single spring force, which 

cannot achieve a simple design with sufficient lifting force. The design of the lift and the related 

patents are also different from the technical means of this research. Therefore, in addition to being 

able to apply for domestic patents, the designs from this study can also apply for foreign patents such 

as the United States to enhance the patents protection of future products. 
 
 

  

Fig. 2 US4884841 Seating 
assistance device 

Fig.3 US6113188 Portable 
seating assist device 
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Fig. 4 US5316370 Seat assist 
 
 
 

 
Fig. 6 US6637818 Portable 

lift seat apparatus 

Fig. 5 US3479086 Chair for physically 
handicapped persons 

 
 

 

Fig. 7 US5082327 Lift apparatus 

 
 
 
 

In terms of research papers, there are several master's thesis papers such as Chang, D. M. (2015), 

“Benefit and discussion of standing assistant devices design for user”, but their use techniques are all 

different from this study. 

 
4. Design Concept from Systematic Methods 

 
In this study, TRIZ systematic tool was applied to generate some design concepts. 

 
The second item out of the TRIZ 40 invention principles, Taking Out, is applied. This new design 

extracts the seating assist cushion from the auxiliary lifting chair and turns out to be a portable cushion. 

This separation design makes it possible to move the seating assist cushion to other chairs at any time. 

It allows users to use it anywhere. The lifting force is provides by a motor powered by a mobile power 

bank. 

 
The tenth item out of the TRIZ 40 invention principles, Preliminary Action, was applied. Two 

compression springs are installed in between the seat cushion and the frame so that the springs will be 
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pressed to the maximum distortion when the seat cushion is in the horizontal position and stores the 

maximum spring force. 

 
When the user wants to stand up and start the motor, the compression spring force and the thrust 

generated by the motor driving the worm and the worm gear mechanism push the end of the seat 

cushion up and that pushes the user's buttocks up. When the user gets out of the seat cushion and stands 

up, the motor reverses after a period of time and drives the worm and the worm gear to gradually lower 

the raised seat cushion. At the same time the springs are gradually compressed and the elastic potential 

energy is stored for the next assisted lifting to release the elastic force. 

 
The fifth item out of the TRIZ 40 invention principles, Merging, was applied. The thrust 

generated by the motor to drive the worm and the worm gear mechanism, and the spring force 

generated by the pre-compression of the springs, which are combined with each other to generate a 

resultant force for pushing up the seat cushion. 

 
5. Design Results 

 
Figure 8 shows some components of a prototype of the portable seating assist device. The main 

structure includes a cushion body, a base, a motor, a worm, a worm gear, a connecting rod, a control 

box, two compression springs etc. 
 
 

Cushion body 
 

Connecting rod 
 

Upper limit switch Worm and worm gear 
Power bank 

 

Motor 
 
 

Compressed 
springs 

Control box 
 
 

Lower limit switch 
 

Base 
 

 
Fig.8 The main structure of the portable seating assist device. 

 
When using it, press the switch on the control box to operate the motor, drive the worm and worm 

gear, and then drive the connecting rod. At the same time this rod will drive the cushion body to rotate 

according to the rotating shaft and then one end of the cushion body will be slowly pushed up and the 

cushion is tilted gradually to help the user to stand up. 
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The two compression springs are used to pre-store the elastic potential energy. When the motor 

is started and the connecting rod starts to push up the cushion body, the compression spring 

simultaneously starts to release energy, thereby achieving the effect of jointly pushing up the cushion 

body. 

 
6. Motion Analysis 

 
Figure 9 shows the action process of the auxiliary cushion. When the auxiliary cushion is in the 

original position and is placed on the sofa or chair. It is ready for helping the user to stand up. The two 

compression springs are fully compressed and the maximum elastic potential energy is stored, as 

shown in Figure 9(a). The angle between the cushion body and the base is about 7 degrees. 

 
The maximum upward thrust is required when the cushion is pushed up from the original position. 

At this point, the motor drives the worm and worm gear to rotate, and pushes the cushion body up 

gradually through the connecting rod. At the same time, the compression springs begin to release 

energy, and simultaneously pushes the cushion body upwards to achieve the purpose of jointly pushing 

up the cushion body, as shown in Figure 9(b). . 

 
Figure 9(c) shows that the auxiliary cushion rises to the highest position and the user can stand 

up and leave the chair cushion. The compression springs have completely released elastic potential 

energy. At this point, the cushion body and the base are at an angle of about 25 degrees. 

 
When the user leaves the chair cushion, the control program in the control box in Figure 8 of this 

design is timed for a period of time (about 2 minute), then the motor starts to reverse and one end of 

the cushion gradually descends and gradually compresses the springs at the same time. 

 
When the cushion compresses the spring to the lowest point, the motor stops rotating and the 

cushion returns to the original position. Limit switches are set at the starting point position and the 

highest point position to control the stopping point of the motor. 
 
 
 
 

   
(a) Original position, elastic 

potential energy is stored in 
(b) Middle position, elastic 

potential energy is released 
(c) Highest position, elastic 

potential energy is released 
the compression springs. from the compression springs. completely. 

 

Fig.9 The action process of the auxiliary cushion. 
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Figure 10 shows how a prototype of the seating assist device helps the user to stand up from the 

seat. Figure 10(a) shows that the user sits on the cushion in the original position. Figure 10(b) shows 

that the user is pushed up to walk and leave the seat when one end of the cushion is lifted to the highest 

position. 
 
 

 

(a) Original position, the user sits on the cushion. (b) Highest position, the user is pushed up to walk 
and leave the seat. 

Fig.10 A prototype of the seating assist device helps the user to stand up. 
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Abstract 
 

This paper studies for theorizing visual management, a technology for lean management. In 

Stefik’s principles and strategies of radical innovation, the patterns of invention are classified into four 

types: theory-driven, data-driven, method-driven, and needs-driven. The Fourth Industrial Revolution 

involves an innovation with various advanced digital technologies, and it can be considered to be a 

method-driven invention in the above classification. In this invention, it is generally important to think 

what purpose the provided method is to be used. However, in the early stages of the installation of 

digital technology, it is largely based on someone's ideas and hard to say systematic innovation. Based 

on this problem recognition, in order to contribute to the diffusion period in the future, this paper 

proposes scenarios for extending the visual management by advanced digital technologies, and 

describes some perspectives for applying expanded visual management. The above discussion serves 

as a guideline for the challenge of digitizing visual management in the industry. It will also lead to 

academic achievements such as the systematization of application areas of visual management through 

emerging advanced digital technology. 

 
Keywords: Digitalization, Operation Management, Systematic Innovation, Visual Management. 

 

1. Introduction 
 

The promotion of visualizations to increase the transparency of production activities is 

recognized as one of the key effects of advanced technological innovation. However, in lean 

management, many organizations have executed visual management to help make people understand 

and quickly solve abnormal conditions hidden in operation systems. Relevant research must reveal 

differences between these two tendencies. 1) The good and bad impacts of this change to visual 

management, and 2) A specification of visual management with digital technologies. 

 
Mr. and Mrs. Stefik (2004) proposed breakthrough innovation. In the concept, the patterns of 

invention are classified into four types: 1) theory-driven, 2) data-driven, 3) method-driven, and 4) 

needs-driven. Industry 4.0, which is actively discussed in the industry in recent years, involves an 

innovation with various advanced digital technologies, and it can be considered to be third invention 
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Creation 
(ε) Production 

System 
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in the above classification. In this invention, it is generally important to think what purpose the 

provided method is to be used. However, in the early stages of the installation of digital technology, it 

is largely based on someone's ideas and hard to say systematic innovation. Based on this problem 

recognition, in order to contribute to the diffusion period in the future, this paper proposes scenarios 

for extending the visual management by advanced digital technologies, and describes some 

perspectives for applying expanded visual management. The above discussion serves as a guideline 

for the challenge of digitizing visual management in the industry. 

 
2. A Theoretical Framework of Visual Management 

 
Figure 1 illustrates the analytical method used in this paper (Murata et al 2017). It shows the 

internal visual management system K2. Within the framework, visual management systems are tools 

that support communication between people and the production systems they manage. The framework 

has three components: 1) people as receivers of error information α and executors of μ; 2) the 

production system K1 managed by people; and 3) a tool to realize visual management. This framework 

aims to represent two key items: 1) the reaction μ the production system requests from the people and 

2) the functions of the tool. 
 

K2 

Reaction 
(μ) 

 
Figure 1. The basic mechanism of a visual management system. 

 
Five capabilities of a visual management system is as follows. 

 
 A reaction μ requested by the production system from the people (Mgmt. issue) 

1. Comprehensibility (the problem of expert-beginner difference (De 1996)) 

 Two functions, crating ε and transmitting α, of the tool (function issue) 

2. Non-ordinariness 
a) The richness of objects where an abnormal status quietly hides (Womack’s 

definition) (Womack 2003) 
b) The multi-sided performance indicators (Quality, Cost, Delivery…) 
c) The meaning of “abnormal” (“Bad” and “Good”) 
d) A problem-solving process (not only “Waste” but also “Countermeasure”) 

3. Continuity (the difficulty of monitoring at any time) 
4. Inducibility (physiology issue) 

5. Timeliness (jut-in-delivery) 
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3. Conventional Visual Management vs. Digital Visual Management 
 

This section describes conventional visual management and visual management with digital 

technologies, called “digital visual management” in this paper, and compares the two concepts, as in 

Table 1. 

 
Conventional visual management appears on the left of Table 1. Visual management originally 

aims to detect the abnormal statuses hidden in an internal supply chain. The difficulty of managing 

abnormal situations is that they occur irregularly and must be discovered during cyclic production 

activities without watching for them daily. To reach this goal, the conventional approach installs a tool 

to visualize objects, activities, and indicators that could indicate anything unusual. The visualized 

attributes of these managed items involve each step in problem solving, such as understanding the 

present, finding a cause, analyzing an impact, and executing a countermeasure. A visual tool should 

be based on diverse ideas for a simple view and established in a production system independently. The 

level of visual management is decided by the quality and quantity of the installed visual tools. 

 
The right side of Table 1 describes a new framework of digital visual management, which 

indicates the future image of problem-solving. A new layer of data is created in a supply chain, in 

addition to the real world due to advanced data or virtual visual tools such as a sensor, an analytical 

tool, a control tool, a display tool, the internet, and so on. The proposed framework mainly detects the 

bad changes in managed objects, including their trends both to and from the real world to the data 

world, and executes useful activities for perfect problem solving across geographical and temporal 

boundaries. 

 
4. Conventional Visual Management vs. Digital Visual Management 

 
This section discusses the potential extensions of visual management following the theoretical 

framework described in Section 2. Digital technologies improve non-ordinariness, inducibility, and 

timeliness in particular in terms of the five capabilities of the framework. 

 
4.1 Non-ordinariness 

 
Table 1. Conventional visual management and digital visual management. 

Layer of data world 

Risks 

Layer of real world Risks 

Risks 
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Clarified item by visual 

tools 
Clarifies what is normal and what is abnormal 

Clarifies the internal and external risks that threaten the 

survival of a company 

Visualized item Visualizes vital objects, activities, and indicators Visualizes all objects, activities, and indicators 

 
Idea source of visual tools 

 
Diverse idea-driven visual tools for a simple view 

Data or virtual visual tools, such as sensors, analytical tools, 

control tools, and displays for events coming from and going 

to the real world and the data world 

Establishment of   visual 

tools 
Distributed in a production system 

High connectivity among all managed objects for perfect 

problem solving across geographical and temporal boundaries 

 

The framework involves four dimensions of non-ordinariness: the richness of objects that quickly 

hide an abnormal status, multi-sided performance indicators, the meaning of “abnormal,” and a 

problem-solving process. All dimensions except the third are discussed below. 

 
For the first dimension, industries face various risks as they globalize their activities. The risks 

consist of internal risks and external risks. The former include the life of expendable supplies, mistaken 

operations, contamination, strikes, and violation of rules that were managed conventionally. However 

the impact of customer complaints and environmental destruction increased with the expansion of 

corporate social responsibility. The latter risks include epidemics, natural disasters, and cyberterrorism 

that occurred in the present age. Their destructive power has the possibility to create a crisis in a factory 

and to halt industry infrastructure. In this social background, as an extension of conventional visual 

management, the aforementioned functions are added to digital visual management, in which digital 

technologies should manage both the internal and external risks of a supply chain and their impacts. 

 
For the second and fourth dimensions, the design of a new data network aims to build high 

connectivity between all managed objects for perfect problem solving across geographical and 

temporal boundaries. Figure 2 presents an evaluation of a risk occurring in a supply chain when the 

accumulation of the group data of each process exceeds threshold r. The database in process i includes 

j kinds of physical data obtained from a sensor system that provides real-time monitoring of the 

operating states of human, machine, and material resources. Equations (1) to (4) resent the formulation 

of the above scheme. The announcement of not only an abnormal situation but also its solution is 

automated with machine analysis of accumulated data with a stronger prediction function. 

 
This system includes both the horizontal network that manages physical data in parallel with 

operation networks, and the vertical data network that connects to the management-level decisions. 

 
In the first network, all resources utilized in a process aim for the common goal of creating value. 

However, they have different attributes and behavior due to the influence of relevant resources. The 

network has an ideal to monitor all processes steadily in the new vein of problem solving to detect an 

abnormal state of each resource quickly, and the impact of other resources or processes caused by an 

abnormal resource state. 

 
The second network relates to the measurement of production performance from the management 

level perspective. Creating the network requires the systematization of performance indicators, such 

as in a table of monetary data, a table of performance data, and a table of physical data, as Figure 2 
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☠ 

 

describes. A cross-sectional analysis of these datasets is required to activate the sensors spread across 

the network. Murata (2009) proposes a database structure to accumulate key performance indicators 

(KPIs), key activity indicators (KAIs), and the method to analyze the relationship through an improved 

data envelopment analysis (DEA). 

 

 
Figure 2. Data-oriented digital visual management. 

 
4.2 Inducibility 

 
For the viewpoint, there are four scenarios for improving the performance of visual management 

with digital technology as shown in Figure 3. 
 

 

 
Figure 3. Scenarios for digital visual management.. 

 
The first point is that you got a space that you can visualize like Pokemon GO. The second point 

is the temporal extension that you can see more clearly the past and the future and you can see in more 

real time. The third point is not only abnormality, but also the whole problem solution such as causes 

and countermeasures can be seen. And the fourth point is geographical extension that you can see 
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places you are not now. This also contributes to the global simultaneous occurrences of the above three 

scenarios. 

 
Examples are discussed. As a feature of innovation by the digital technology this time, there are 

many advanced ideas in our everyday life as consumers. If you look around daily life, there are lots of 

hints. A 360 degree camera for virtual reality (VR) is used to display dynamic images in the world of 

winter sports. For example, it may be used for introducing the factory of the company in recruitment 

activities only using PowerPoint and for TV conference to create you feel as if you were there. 

 
The second one is a case at the airport. Until now, a poster informs the prohibited items into the 

inside of a plane. Innovative case is changing this by moving picture. By teaching concrete things to 

throw away and teaching places to throw away, you can visualize countermeasures as well as 

abnormalities. It is an interesting example from the viewpoint of the fusion of digital visual 

management and analog visual management by dragging the shape of things to be discarded into a 

garbage can. 

 
The third one is a case of using a digital display to choose a menu at first food restaurant. Although 

the problem of load balancing is one typical research topic of industrial engineering, it is a case 

approaching with the idea of sharing part of service and operation with customers. This example will 

also be such as the checkout after shopping and the face authentication of the passport at the airport. 

 
4.3 Timeliness 

 
Extra visualization and over-providing information can lead to misunderstanding and 

misjudgment, which waste time and money. The method to provide production information to a 

process is illustrated using an information system as an example in TPS (Ono 1988). That is to say, 

 
‘Too much information induces them to produce ahead and can also cause a mix-up in sequence. 

Items might not be produced when needed, or too many might be made, some with defects. 
Eventually, it becomes impossible to make a simple change in the production schedule.’ 

 
Once the system of digital visual management is established, it is hard to improve the full 

specification of the system frequently. However the system may have two latent issues: “wasted 

visualization” and “omissions of visualization.” 

 
On wasted visualization, future visual management schemes must monitor not only internal risks 

in a factory, but also the influence of external risks to achieve its responsibility as social infrastructure 

in view of serious recent events such as economic crises, natural disasters, and terrorist activities. This 

radical increase in visualization requests indicates a need to consider the priority of visualization 

carefully, including the appropriate timing to deliver information, as in Section 2. 

 
On the omissions of visualization, as the range of applications of established digital visual 

networks becomes larger and wider, maintaining the details of the network structure will decline. 
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Additionally, the network may not reveal the phenomena to human users all of the time. Improving 

the network’s mobility from this perspective is always required because a supply chain’s movement 

always changes. Needless to say, handmade visual tools with high mobility are undoubtedly useful for 

such a situation. 

 
A virtual world is a useful digital visual world to overcome these problems. For example, visual 

guarantees and visual standards that cannot be seen during operations can be digitalized, and the 

materials selected by operating conditions are provided during production through smart glasses and 

smart tablets without the effort required to search for and remember them. 

 
5. Conclusion Remarks 

 
There are the five main findings of this paper; 1) Reviewing conventional visual management, 2) 

Designing new framework of visual management with digital technologies (digital visual 

management), 3) Clarifying improved capabilities of visual management, a) View, b) Time, c) Solution, 

and d) Place, 4) Indicating the direction for developing digital visual management, a) The approach 

from the innovation of a visual tool as an interface with human and b) the approach from the design 

of new data network, and 5) Discussing two latent troubles hidden in the established digital visual 

network system, a) ‘the waste of visualization’ and b) ‘the omission of visualization’. 
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Abstract 
 

This research proposed a Fuzzy quantitative method to identify TRIZ effect solution models 

based on the idea of similar problems having similar solutions. A total of 210 known cases and 70 

effects were from scientific website/knowledge database. By conducting a 3-fold verification of 210 

cases, the ten highest similarity solutions provided a hit rate exceeding 96.2% coverage of original 

solutions. This substantially exceeded the 13.3% hit rate of ten randomly selected solutions. The ten 

worst similarity solution only provided 0% hit rate. Sensitivity analysis showed that the top three 

identified solutions can have 90% hit rate indicating the effective of the priority selection. 

 
The contributions of this study include: 1) Allowing the users quickly, objectively, and repeatably 

obtaining solution to a problem with priority based on existing effects and solved problems with Fuzzy 

similarity. 2) Using multivariate similarity analysis to enhance original simple similarity measures to 

reflect real-world situation and producing better performance than crisp similarity. 

 
Keywords: Theory of inventive problem solving (TRIZ), Systematic Innovation, Multivariate 

similarity, Fuzzy similarity, Effect Knowledge Database. 

 
1. Introduction 

 
Knowledge/Technical Database is to use attributes or functions as key words to search related 

effects or resources for solving problems, and is one of most efficient solution tools of TRIZ. Although 

Goldfire, and Oxford Effect database etc. are popular and well-known knowledge/Technical database, 

but there are some shortages like providing numerous possible solutions without priority, uncleanly 

using for attributes or functions change, and discrepantly function operation area for user’s current 

problem[ρԾޑፕЎ]. 

This research used attributes and functions which were augmented by authors [ρԾޑፕЎ]. The 

principle to prioritize possible effects also was based on TRIZ theorem “Similar Problem, Similar 

E-mail(s): hong.jealousy@gmail.com1; dsheu@ie.nthu.edu.tw2; mcchiu@ie.nthu.edu.tw3 
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Solutions” to solve problem, and used Fuzzy measures and multivariate similarity to enhance original 

simple similarity measures. 

 
This paper also used problem characteristics array and solution characteristics array for providing 

prioritized trigger effect solution. The advantages of this paper include: 

 
1. Enhancing simple similarity measures as multivariate similarity, and using “Increase”, 

“Decrease”, “Measure”, “Stabilize”, and “0 (No impact)” to replace “(1,0)” of binary similarity for 

evaluating attributes change which could help to solve specific problem and effect happened impact. 

 
2. Using Fuzzy measures to identify the function operation area. For example, if the fuzzy weight 

of move “Solid” was “1”, and fuzzy weight of move “Liquid” or “Gas” even “Field” was “0.5”. 

 
Operating multivariate similarity for attribute array and fuzzy measures for function array could 

help user quickly, objectively, and repeatably to obtain solution to a problem with priority based on 

existing effects and solved problems. 

 
2. Literature Review 

 
2.1 TRIZ Solution model and export system 

 
TRIZ problem solving process, embodied in Effect and Resource databases, are shown in Figure 

1. This work focused on improving the encircled process step of converting from a problem model to 

solution models, or trigger solutions, using effect database. A future work will concentrate on using 

Resource database in a similar fashion. However, the process of matching problem models to their 

corresponding solution models by using TRIZ problem-solving tools has been reliant on expert 

experiences and judgments. Not only different experts may identify different solutions, the traditional 

methods may also obtain different solutions at different times even for the same person. The lack of 

repeatability and mathematical/quantitative contents contributed to the lower-than-deserve acceptance 

of TRIZ research work by rigorous scientific journals. 

 
This research addressed the above-mentioned problems in TRIZ identification of solution models 

in terms of effects. By using quantitative measures the goals of solution priority, objectivity, 

repeatability, modeling rigor, and the speed of obtaining solution models, can be achieved. In the 

meantime, the system design allows for problem solving based on the integral results of continual 

accumulation of many experts’ knowledge/experiences embedded in many expert-solved cases instead 

of knowledge/experience of an individual expert. 
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Figure 1. TRIZ Model of Problem Solving Embodied in Effect and Resource Databases. 

 
2.2 Similarity Comparisons 

 
In order to define the similarity of any two elements, I and J, they can be represented as arrays of 

the same kind. Dunn and Everitt (1982) listed a binary variable paired observation table as shown in 

Table 1. In Table 1, i and j are two corresponding columns of I and J to be compared. They represent 

the same attribute column of the two arrays I and J. A matrix variable that equals to one represents that 

an observed value of an attribute exhibits certain defined characteristics. A matrix variable that equals 

to zero represents that the observed value does not exhibit the defined characteristics. Among the 

variables, a represents the number of attributes in which observed values in i and j are both equal to 

one and that these two exhibit the defined characteristics, which results in successful positive matches. 

b represents the number of attributes in which observed values i and j are respectively (0, 1), which 

represents that i does not exhibit the defined characteristics while j exhibits the defined characteristics 

and thus matching is unsuccessful. c represents the number of attributes in which observed values i 

and j are respectively (1, 0), which represents that j does not exhibit the defined characteristics while 

i does. Again, the match is unsuccessful in this case. Lastly, d represents the number of attributes in 

which i and j are both zero, which means that neither exhibit the corresponding defined characteristics, 

thereby resulting in a successful negative matches. Numerous similarity measurement methods exist 

to indicate the similarity between I and J (Choi, Cha, & Tappert, 2010; Donald, Keith, & Harold, 1989; 

Jackson, Somers, & Harvey, 1989; and Meyer, Garcai, Souza, & Souza, 2004). Eight mostly used 

measurements with their respective computational methods are listed in Table 2 where Sim denotes a 

Similarity measure. 

 
Table 1. Binary Variable Paired Observation Table. 

 
 

i 

j 
1(Presence) 0(Absence) 

1(Presence) a b 

0(Absence) c d 

1. Effect Database 
2. Resource Database 

Model of Problem 
1. Generic Function 
2. Generic Attribute 

Model of Solution 
1. Effects 
2. Resources 

Step 2: Identifying Solution Models 
Step 1: 
Model Formulation 

Step 3: 
Idea Substantiation 

Specific Problem Specific Solution(s) 
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Table 2. The Eight Common Similarity Formulas. 
 
 

Name Equations Savants(year) 

Jaccard Sim  
a
 

a  b  c 
Jaccard(1901) 

Ruseel-Rao Sim  
a
 

a  b  c  d 
Ruseel & Rao(1940) 

Dice Sim  
2a

 
2a  b  c  d 

Dice(1945) 

Ochiai Sim  
a
 

(a  b)(a  c) 
Ochiai(1957) 

OchiaiⅡ Sim  
ad

 
(a  b)(a  c)(d  b)(d  c) 

Ochiai(1957) 

Simple 

Matching 
Sim  

a  d
 

a  b  c  d 
Sokal(1958) 

Rogers- 

Tanimoto 
Sim  

a  d
 

a  d  2(b  c) 

Rogers & Tanimoto 

(1960) 

Anderberg Sim  
a
 

a  2(b  c) 
Anderberg(1973) 

 
 
 
 

3. Methodology 
 

This section explains the research methods developed for mathematical approaches to identify 

databased of effect solutions with priorities. Section 3.1 explains the modeling approaches for the 

problems, effects, and cases. Section 3.2 explains the method of identifying effect solutions using 

similarity measures. Section 3.3 explains the overall tasks of identifying effect solutions. Section 3.4 

shows the computational details of how to identify the solutions. 

 
 
 

3.1 Modeling of the problems, effects, and cases 

 
In order to calculate the various similarities, the research developed below arrays to fully represent 

problem to be solved, effects, and cases using attribute and function elements. 

 
Problem Characteristic Array (PCA): PCA is the standardized problem model. It models a problem 

to be solved with functions and attributes characteristics of that problem. 
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Effect Characteristic Array (ECA): ECA is the standardized characteristics of an effect. It 

characterizes an effect with the environmental attributes which are conducive for the effect to occur 

and the functions/attribute-changes the effect is able to provide if it occurs. 

 
Case Characteristic Case Array (CCA): CCA is the standardized Case model. It models a solved 

case including two parts. The first part of the CCA is its Problem Characteristic Array (PCA) with 

functions and attributes characteristics of that problem. The second part of the CCA is the Solution 

Array (SA). It indicates which effects have been or can be used to solve this problem. 

 
3.1.1 Modeling of a problem, PCA 

 
Table 3 shows the multivariate array representation of a PCA. A PCA contains an attribute part and 

a function part. Since function can also be represented as change or maintain the attribute(s) of an 

object, the function part of a PCA are further divided into attribute subsection and function subsection 

to fully represent a function. For convenience, the authors denote the attribute part of the function as 

indirect functions and the function part as direct functions. When using the PCA, the user needs to 

identify the correct phase for the subject problem system, which could be solid, liquid, gas, or field. 

In the attribute array, a ‘‘1” in a cell value indicates that the corresponding attribute is one of the 

characteristic attributes of the current problem. A ‘‘0” in an attribute cell indicates that the 

corresponding attribute is irrelevant to the problem. On the attribute subsection of the function array, 

a ‘‘I” in the cell indicates that to solve this problem some increase of this parameter is needed. A “D” 

in the cell indicates that to solve this problem some attributes need to decrease. A “M” represents that 

measurement of relevant attributes are useful to solve current problem. A “S” means that to stabilize 

some attributes could solve current problem. A ‘‘0” in the cell location indicating that this attribute is 

irrelevant to the problem solving. On the function subsection of the function array, a ‘‘1” in the cell 

indicates that achieving the corresponding function can solve this problem. A ‘‘0” in the cell indicates 

that the corresponding function is irrelevant to problem solving. 

 
Table 3. Problem Characteristic Array. 

 
 

 Problem Characteristic Array 

 
Attribute Array 

Function Array 
Attribute Subsection Function Subsection 

1 … m … M 1 … m … M 1 … n … N 
 x1 … xm … xM ya 

1 … ya 
m … ya 

M y f 1 … y f n … y f 
N 

 
Symbol definitions: 

(1) M represents the number of generic attributes of this study. 
(2) N represents the number of generic functions of this study. 
(3)  xm represents the relevancy of the m  th attribute with respect to the subject problem. 

xm  1 indicating that the m-th attribute is relevant to the problem. Otherwise, xm  0 

m  1, 2,,,,, M . 
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m

m

 

(4) ya  I , D, M , S representing that “Increasing”, “Decreasing”, “Measuring”, and “Stabilizing” 

the m  th attribute helps to solve the subject problem. Otherwise, ya  0 m  1, 2,,,,, M . 

(5)  f  1representing that achieving the n  th function can help to solve the subject problem. 

Otherwise, f  0 , n  1, 2,..., N . 
 

3.1.2 Modeling of an effect, ECA 

 
Table 4 shows the effect characteristic array (ECA). The attribute/function sets of the ECA are 

similar to that of the PCA used with respect to the effects problem-solving tool. The first part of ECA 

is attribute array. The characteristic attributes of the attribute array are the attributes which are relevant 

to this effect. A ‘‘1” in a cell value indicates that the corresponding attribute is one of the characteristic 

attributes of the current effect. A ‘‘0” in an attribute cell indicates that the corresponding attribute is 

irrelevant to the effect. The second part of the ECA is the function array. This part, in turn, includes 

indirect function sub-section (change/maintaining attributes) and the (direct) functions sub-section. 

For indirect function sub-function, an ‘‘I” in the cell indicates that attribute increase can be achieved 

with this effect happened. A “D” in the cell indicates that effect happened can decrease attribute value. 

A “M” represents that effect can measure attribute and can help to solve the user’s problem. A “S” 

means that attribute stabilization can be achieved with current effect stabilize some attributes could 

solve current problem. A ‘‘0” indicates that the corresponding attributes are irrelevant to this effect. 

For direct function, a ‘‘1” in a function field of the effect indicates that a function change in the 

particular environmental phase can be achieved with this effect. A “0.5” indicates that the 

corresponding functions although happened in other environments or problem super system when 

effect used. A ‘‘0” indicates that the corresponding functions are irrelevant to this effect. The 

environment of core problem happened and related components is called system. Besides, other 

surrounding elements including system is super system. The ECA itself can be considered as a solution 

to a problem of certain attribute/function characteristics. In this sense, an effect by itself can be 

considered as another form of a case. Therefore, they can be added to the database for the solution 

process. 

 
Table 4. Effect Characteristic Array. 

 
 

 Effect Characteristic Array 

 
Attribute Array 

Function Array 
Attribute Subsection Function Subsection 

1 … m … M 1 … m … M 1 … n … N 
i  th 

 
Effect 

xi,1 

 
… xi,m  

 
… xi,M   

 
 

ya 
i,1 

 
… 

 
ya 

i,m   

 
… 

 
ya 

i,M   

 
 

y f 
i,1 

 
… 

 
y f i,n   

 
… 

 

f 
i, N   

 
Symbol definitions: 

(1) I represents the number of effects of this study. 
(2) xi,m  represents the relevancy of the m  th attribute with respect to the i  th effect. 

y

y
n

n
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xi,m  1 or 0 indicating that the attribute is irrelevant to the effect. 

(3) a 
i,m   represents the relevancy of the m  th attribute with respect to the i  th effect. 
a 
i.m   I , D, M , S indicating that the i  th effect can be used to Increase, Decrease, Measure or 

Stabilize the m  th 

m  1, 2,,,,, M 

attribute for problem solving. Otherwise, a 
i.m   0 , i  1, 2,..., I , 

(4) f 
i,n   represents the relevancy of the n  th function with respect to the i  th effect. f 

i,n   

indicating that the i  th effect can provide the n  th function un the particular 
environmental phase for problem solving. f 

i,n    0.5 indicating that i  th effect an provide 

the n  th function in other environmental phase or problem super system. Otherwise, 
f 

i,n    0 , i  1, 2,..., I , n  1, 2,..., N . 
 

3.1.3 Modeling of a case, CCA 

 
Refer to Table 5. A CCA is defined as the direct compilation of PCA and solution array (SA) to be 

the model of the case. The first part is the problem characteristics array (PCA), same as defined before. 

The second part is the solution array. The solution array of CCA is an effect array representing which 

effect(s) could be used to solve the problem. In the solution array, a ‘‘1” in a cell means that the 

corresponding effect can be or has been used to solve the problem or the kind of problem characterized 

by its PCA. A “0” in the cell indicating that this effect is irrelevant to solving this problem. 

 
Table 5. Case Characteristic Array. 

 
 

 Case Characteristic Array 

 
Attribute Array 

Function Array 
Effect Array 

Attribute Subsection Function Subsection 

1 .. m … M 1 … m … M 1 … n … N 1 … i … I 
j  th 

 
Case 

 
x j ,1 

 
… 

 
xj ,m 

 
… 

 
xj,M   

 
ya 

j ,1 

 
… 

 
ya 

j,m   

 
… 

 
ya 

j,M   

 
y f j ,1 

 
… 

 
y f j ,n   

 
… 

 
y f j,N   

 
z j ,1 

 
… 

 
z j,i  

 
… 

 
z j ,I   

 
Symbol definitions: 

(1) J represents the number of cases of this study. 
(2)  xj  ,m   represents the relevancy of the m  th attribute with respect to the j  th case. 

xj,m  1 indicating that the m  th attribute is relevant to the j  th case. Otherwise, 

xj,m  0 , j  1, 2,..., J , m  1, 2,,,,, M . 

(3)  a 
j.m   I , D, M , S representing that the Increase, Decrease, Measurement , or Stabilization the 

m  th attribute helps to solve the j  th case. Otherwise, a 
j.m   0 , j  1, 2,..., J , 

m  1, 2,,,,, M . 

(4)  f 
j,n   representing that achieving the m  th function in the particular environmental phase 

can help to solve the j  th case. f 
j,n    0.5 representing that achieving the m  th function 

in the other environmental phase or problem super system can help to solve the j  th case. 

y

y

y

y y

y

y

y

y

y

y

 1 

 1 
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Otherwise, f 
j,n    0 , j  1, 2,..., J , n  1, 2,..., N . 

(5)  z j,i  1 representing that the i  th effect is a solution to solve the j  th case. Otherwise, 

z j,i  0 , j  1, 2,..., J , i  1, 2,..., I . 
 

3.2 Identifying Effect Solutions Using Similarity Measures 

 
This research provides two ways of using similarity to locate appropriate effects and cases for 

prioritized effect solutions. (1) Based on comparison of problem PCA with ECA in effect database 

directly; (2) Based on comparison of problem PCA with PCA part of solved cases in case database. 

The detail steps of similarity comparisons are explained in sections 3.3 and 3.4. 

 
3.2.1 Identifying solutions by similarity comparison with effects 

 
Figure 1 shows the concept of identifying effect for model of solution. Three steps are used. (1) 

Characteristic function array of the problem PCA to be solved is compared against the function arrays 

of an effect ECA. (2) If the similarity measure is higher than certain threshold 1, the characteristic 

attribute array of the PCA is compared to characteristic attribute array of the effect ECA. If the 

similarity is higher than certain threshold 2, it indicates that this effect may solve the problem. Then, 

(3) the corresponding effect identification is recorded as a solution model of the problem. 

 
The similarities between the PCA of the case to be solved and the Attribute/Function arrays of the 

ECA are then converted to be a weigh factor for the identified problem-solving effects. 

 
3.2.2 Identifying solutions by similarity comparison with cases 

 
Identifying effect solutions from solved case database also has three steps as shown in Figure 2. (1) 

Characteristic function array of the problem PCA to be solved is compared against the function array 

of a case CCA. (2) If the similarity measure is higher than certain threshold 1, the characteristic 

attribute array of the PCA is compared to characteristic attribute array of the case CCA. If the similarity 

is higher than certain threshold 2, it indicates the effects used to solve this case may solve the problem. 

Then, (3) the relevant problem solving effect(s) on the SA of the solved case are recorded as eligible 

problem solving effects for the case to be solved. The similarities between the PCA of the solved case 

and PCA of the case to be solved are then converted to be weigh factor for the identified problem- 

solving effects. The weigh factor for this PCA-CCA comparison and the counter-part weigh factor for 

the same effect from the PCA-ECA comparison, as stated in previous section, are combined to form 

the priority index for that effect toward solving the problem. 

y 
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Step 2: Identify 
Attribute similarity 

i-th Effect 

Step 1: Identify 
Function similarity 

PCA 

Step 3: Identify i-th effect 
as a solution to the PCA 

Functions Attributes Attributes 

Function Array Attribute Array 

Specific 
Solution 

Specific 
Problem 

Solution 
Model 

Problem 
Model 

 
 

Attribute Array Function Array 

Attributes Attributes Functions 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1. Process of Identifying Solutions by Similarity Comparison with Effects. 
 
 
 

 
Figure 2. Process of Identifying Solutions by Similarity Comparison with Cases. 

 
 

 
3.3 Identifying Overall Tasks of This Study 

 
The overall tasks of this research and their process sequence are illustrated in Figure 3 and briefed 

below: 
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2 
Define 

CA/ECA/CCA 
format 

6 
Build program to 

ID solution 
model 

 

4.c 
Integrate 

database of 
solved effect 

Model cases in 
PCA format 

Collect solved 
cases from 

Wikipedia (210) 

Model effects in 
ECA format 

Compile effects 
from Technical 
Database (70) 

Compile 
generic functions 

 

Use DOE to fit 
best set of 

thresholds, 
weights and 

relationship 
constants in the 
similarity model 

Determine 
similarity model 

Compile 
generic 
attributes 

8 
Statistical 

verifications of 
the result 

Test hit rate of 
the program 

Rotate 2/3 cases 
for training 

Rotate 1/3 cases 
for testing 

P 

4.a.2 

4.b.2 

E

 
 

1.a 3 5 7.a 7.b 
 
 
 

1.b 
 
 
 

4.a.1 7.c 
 

 

4.b.1 
 

 
 

Figure 3. Overall Tasks of the Research. 

 
Step 1: Compile generic attributes and functions 

 
This step is to standardize and summarize the attributes and functions form other knowledge database 

and to integrate some additional ones from author’s team to form a list of generic functions and generic 

attributes. 

 
Step 2: Define the Formats of PCA/ECA/CCA 

 
Tables 1, 2, and 3 show the format of PCA. ECA, and CCA used. The definitions of PCA/ECA/CCA 

allow us to calculate the similarities between problems/effects/cases enabling the objective 

identification of effect solutions to a problem. Methods of using PCA-ECA comparisons and PCA- 

CCA comparisons to identify effect solution models with priority are described in Section 3.2. See 

Section 3.4 for more details. 

 
Step 3: Determine Similarity Models 

 
The commonly used Jaccard and Dice similarity indices in Section 2.2 were modified to become 

generalized Dice indices and fuzzy identification to form Eqs. 1, 2, 3, 4, 5 and 6 below. 

 
a) Similarity formulae for matching attribute arrays between PCA and ECA: 

 
A 

A  Aa  A  Ab A 
E Simi  E E E E , 0  E Simi  1 (1) 

( A  Aa  A  Ab)  Ac 
E E E E E 

 

Symbol definitions: 

(1) ASim represents the similarity coefficient for matching the attribute arrays between the PCA 

and i  th ECA. 
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E

E

E

E i 
E E E E E 

E i 

E

E

E E E E 

E 

E i 
E E E E E 

E i 

E

E 

E E E E

E

 

(2) Aa represents the number of positive matches (1-1) in the same environmental phase in 

attribute matches between the PCA and i  th ECA. 
(3) Ab represents the number of positive matches (1-1) in different environmental phases in 

attribute matches between the PCA and i  th ECA. 
(4) A and A are weigh factors for Aa and   Ab respectively. 

E E E E 

(5) Ac represents the number of non-matches (1-0) or (0-1) and negative matches (0-0) in attribute 

matches between the PCA and i  th ECA. 
 

b) Similarity formulae for matching attribute subsections of function arrays between PCA and ECA: 
 
 

F ( A) F ( A)  F ( A) a  F ( A)  F ( A)b  F ( A) 
Sim  E E E E , 0 

( F ( A)  F ( A) a  F ( A)  F ( A)b)  F ( A)c 
E Simi  1 (2) 

 
Symbol definitions: 

 

(1) F ( A)Sim represents the similarity coefficient for matching attribute subsections between the 

PCA and the i  th ECA. 
(2) F (A)a represents the number of the same matches as (I-I), (D-D), (M-M), or (S-S) in the same 

environmental phase in attribute subsection matching between the PCA and i  th ECA. 
(3) F (A)b  represents the number of the different matches in the same environmental phases in attribute 

subsection matching between the PCA and i  th ECA. 

(4)(4) F ( A) and F (A) are weigh factors for F ( A) a and F (A)b respectively. 

(5) F (A)c represents the number of non-matches and negative matches (0-0) in attribute subsection 

matches between the PCA and i  th ECA. 
 

c) Similarity formulae for matching function subsections of function arrays between PCA and ECA: 
 
 

F ( F ) F ( F )  F ( F ) a  F ( F )  F ( F )b  F ( F ) 
Sim  E E E E , 0 

( F ( F )  F ( F ) a  F ( F )  F ( F )b)  F ( F )c 
E Simi  1 (3) 

 
Symbol definitions: 

(1) F(F)Sim represents the similarity coefficient for matching function subsections between PCA 

and i  th ECA. 
(2) F (F )a represents the number of positive matches (1-1) in the same environmental phase in 

function subsection matches between the PCA and i  th ECA. 
(3) F (F )b represents the number of positive matches (1-0.5) in the same environmental phases in 

function subsection matches between the PCA and i  th ECA. 
(4)(4) F ( F ) and F (F ) are weigh factors for F ( F ) a and F (F )b respectively. 

(5) F (F )c represents the number of other matches and negative matches (0-0) in function subsection 

matches between the PCA and i  th ECA. 



The 2019 International Conference on Systematic Innovation 

July 08-11, 2019, Liverpool, The UK 

446 

 

 

C j 

C

C

C

C C C C C 

C j 

C

C 

C C C C 

C

C C C C C 

 
 
 
 

d) Similarity Formulae for matching attribute arrays between PCA and CCA 
 

A  Aa  A  Ab ASim  C C C C , 0 
ASim  1 (4) C j ( A  Aa  A  Ab)  Ac C j

 
C C C C C 

 

Symbol definitions: 

(1) ASim represents the similarity coefficient for matching attribute arrays between PCA and 

j  th CCA. 

(2) Aa represents the number of positive matches (1-1) in the same environmental phase in 

attribute matches between the PCA and j  th CCA. 

(3) Ab represents the number of positive matches (1-1) in different environmental phases in 

attribute matches between the PCA and j  th CCA. 
(4) A and A are weigh factors for Aa and   Ab respectively. 

C C C C 

(5) Ac represents the number of non-matches (1-0) or (0-1) and negative matches (0-0) in attribute 

matches between the PCA and j  th CCA. 
 
 

e) Similarity formulae for matching attribute subsection of function array between PCA and CCA 
 
 

F ( A)Sim F ( A)  F ( A) a  F ( A)  F ( A)b  C C C C , 0  F ( A)Sim  1 
 

(5) 
C j ( F ( A)  F ( A) a  F ( A)  F ( A)b)  F ( A)c C j 

 
 

Symbol definitions: 

(1) F ( A)Sim represents the similarity coefficient for matching attribute subsections between PCA 

and j  th CCA. 

(2) F (A)a represents the number of the same matches as (I-I), (D-D), (M-M), or (S-S) in the same 

environmental phase in attribute subsection matching between the PCA and j  th CCA. 

(3) F (A)b represents the number of the different matches in the same environmental phases in 

attribute subsection matching between the PCA and j  th CCA. 

(4)(4) F ( A) and F (A) are weigh factors for F ( A) a and F (A)b respectively. 

(5) F (A)c  represents the number of non-matches and negative matches (0-0) in attribute subsection 

matches between the PCA and j  th CCA. 
 
 

f) Similarity formulae for matching function subsections of function arrays between PCA and CCA 
 
 

F ( F )Sim F ( F )  F ( F ) a  F ( F )  F ( F )b  C C C C , 0  F ( F )Sim  1 
 

(6)(6) 
C j ( F ( F )  F ( F ) a  F ( F )  F ( F )b)  F ( F )c C j 
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C j 

C

C 

C C C C 

C 

 

Symbol definitions: 

(1) F ( F )Sim represents the similarity coefficient for matching function subsections between the 

PCA and j  th CCA. 

(2) F (F )a represents the number of positive matches (1-1) in the same environmental phase in 

function subsection matches between the PCA and j  th CCA. 

(3) F (F )b represents the number of positive matches (1-0.5) in the same environmental phases in 

function subsection matches between the PCA and j  th CCA. 

(4)(4) F ( F ) and F (F ) are weigh factors for F ( F ) a and F (F )b respectively. 

(5) F (F )c represents the number of other matches and negative matches (0-0) in function 

subsection matches between the PCA and j  th CCA. 
 
 
 

Step 4: Collecting Cases and Establishing the Case Database 

This is steps 4.b.1 in Figure 3. It includes two parts: Effect-as-cases and Solved cases primarily 

extracted from Wikipedia web site. 

Step 4.a.1: Compile effects from Technical Database 

70 commonly used effects were collected from Oxford Effect Database. 

Step 4.a.2: Model effects in ECA 

This step defines attributes and functions in phases of ECA according to ECA definition stated 

before. The characteristic attributes and desirable functions are identifies based on discussions by 

author’s research team. The discerning criteria are based on the below questions: 

On the attribute array: 

If the change or maintaining of the subject attribute can cause the effect or can influence the effect 

to occur, the attribute can be considered as relevant to the effect in the attribute field. 

On the attribute subsection of function array: 

If the occurrence of the effect can help to change or maintain the subject attribute, the subject 

attribute is considered relevant to the effect. Otherwise, the subject attribute is irrelevant to the 

effect. 

On the function subsection of function array: 

If the occurrence of the effect can help to achieve the subject function, the subject function is 

considered as relevant function to this effect. Otherwise, the subject function is considered irrelevant 

to this effect. 

Step 4.b.1: Collect solved cases from website 

210 cases of solved problems were collected from Wikipedia website and other scientific websites 

such as OxfordCreativity (www.triz.co.uk). Three cases are selected from each of the 70 effects thus 

generating 210 cases. 

Step 4.b.2: Model cases in CCA 

The identification of characteristic attributes and desirable functions are based on discussions by 

author’s research team. The discerning criteria are based on the below questions: 
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E

C

E

E

E

E

 

On the Attribute Array: 

If the attribute is a characteristic feature of the problem, the attribute can be considered as relevant 

to the problem. Otherwise, the attribute is considered as irrelevant to the problem. 

On the attribute subsection of function array: 

If change or maintaining the subject attribute can help to solve the problem of this case, the 

subject attribute is considered as relevant indirect function of the problem. Otherwise, the subject 

attribute is irrelevant to the problem solving. 

On the function subsection of function array: 

If the achievement of the subject function can contribute to solving the problem of this case, the 

subject function is considered as relevant function to this problem. Otherwise, the subject function is 

considered irrelevant to the problem. 

On the effect array: 

If using the subject effect can help to solve the problem of this case, the subject effect is 

considered as relevant effect solution of the problem. Otherwise, the subject effect is irrelevant to the 

problem solving. 
 

Step 4.c: Integrate database of solved effect 

 
Altogether, there were 70 effect-as-cases and 210 solved cases in the database for problem solving. 

 
Step 5: Using DOE to set parameter values 

 
DOE (Design of Experiment) method was used to determine the best threshold levels, weight 

between ECA and CCA, and various parameters in the similarity equations, Eq. 1~6. The Taguchi 

method was used in the setting of these parameters to objectively obtain the optimal parameter 

combinations using the 70 effects and 210 solved cases. 

 
The process for parameters setting is as follows: 

 
 Setting factor standards for a total of 8 factor parameter sets including 28 factor parameter of which 

22 are independent. 

 
(1) F represents the threshold for function array similarity between PCA and ECA. 

(2) F represents the threshold for function array similarity between PCA and CCA. 

(3) E  represents the threshold for total array similarity between PCA and ECA. 

(4) C  represents the threshold for total array similarity between PCA and CCA. 

(5) A and A are weigh factors in Eq. 1. 
E E 

(6)  

(7)  

F ( A) and 

F ( F ) and 

F (A) are weigh factors in Eq. 2. 

F (F ) are weigh factors in Eq. 3. 
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C C

C

E

C

E

E E 

C C

C C 

E E 

C C 

 

(8) A and A are weigh factors in Eq. 4. 
C C 

(9)  F ( A) and F (A) are weigh factors in Eq. 5. 

(10)  

(11)  

F ( F ) and 

F ( A) and 

F (F ) are weigh factors in Eq. 6. 

F (F ) represent the weights for attribute subsection and function subsection of 

ECA function array. Where F ( A)  F ( F )  1 

(12)  F ( A) and F (F ) represent the weights for attribute subsection and function subsection of 

CCA function array. Where F ( A)  F ( F )  1 

(13) A and F represent the weights for attribute array and function array of ECA. Where 
E E 

A  F  1 

(14) A and F represent the weights for attribute array and function array of CCA. Where 
C C 

A  F  1 

(15) E  and C  represent the weights of effect solutions for effect-as-case and solved case. 

Where E  C   1 
 

 Proceed to conducting a Taguchi experiment with the parameters as inputs and the target of 

optimization is to maximize the case solution hit rates. The combination of parameter sets and the 

optimal parameter value sets is thus obtained in Table 6 below. 

 
Table 6. Parameter Value Set Derived from Design of Experiments. 

 
 

 
Parameter 

Set 

 
( E , C ) 

( F ( A), F ( A) ) E E 
 

( F ( A), F ( A) ) C C 

( F ( F ), F ( F ) ) E E 
 

( F ( F ), F ( F ) ) C C 

( F ( A), F ( F )) E E 
 

( F ( A), F ( F )) C C 

F E 
 
 

F C 

( A, A ) 
E E 

 

( A, A ) 
C C 

 ( A, F) E E 
 
 

( A, F) C C 

E
 

C
Parameter 

Value 
(0.8, 0.2) (70, 15) (70, 15) (0.8, 0.2) 0.6 (50, 30) (0.4, 0.6) 0.6 

 
 

Step 6: Build program to ID solution model 

 
The detail algorithm and processes of the program is explained in Section 3.4 

 
Step 7: Test hit rate of the program 

 
The 210 cases form case database were divided into 3 groups evenly and approximately randomly 

with the constraint that cases of the same effect are distributed as evenly as possible to each of the 3 

groups in a round-ribbon manner. This is to make sure that each group has a good representation of 

the various effect solutions. A K-Fold Cross-Validation method, as shown in the Section 5, was used 

to test the program and calculate the hit rate of the program. The hit rate of the experiment is defined 
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Part 1 Part 2 

Find effects as trigger 
solutions 

Find effects as trigger 
solutions 

Similarity multiplied by 
effects   for 

accumulating effects 

Similarity between 
PCA and CCA 

Similarity between 
PCA and ECA 

 
Construct PCA 

 
New Problem 

Combine both trigger 
solutions, and sort them 

by priorities 

 

as the percentage when the proposed solution set is able to contain the original solution used in each 

case. 

 
Step 8: Statistical Verifications of the Results 

 
Statistical verifications were given in Section 5 below. 

 
3.4 The detail algorithm and processes of the program 

 
3.4.1 Overall process of the similarity comparisons 

 
The overall process of the identifying solution model is given in Figure 4. It includes 1) the 

identification of relevant effects with priorities from the comparison between the problem PCA and 

the ECAs, and 2) the identification of relevant effects with priorities from the comparisons between 

the problem PCA and the CCAs. The solutions from both parts are cumulated and prioritized based on 

the final similarity measures. 
 

 

Figure 4. Overall Process of Similarity Comparison. 

 
3.4.2 Part 1: Elaboration on the first part of Figure 4: 

 
Similarity comparison process for the PCA to be solved and effects (ECAs). 

 
Step 1: Set initial values 

Set i  1 representing calculation of the attribute and function similarities for the first effect. 

Step 2: Determine whether i  I (70) 
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E i 

E i E i 

 

Where I (70) is the total number of effects under this case. Proceed to Step 7 to prioritize and 

output the solutions. 
 
 

Step 3: Calculate F Sim and determine if F Sim passed the threshold of F
E i E i E 

 
 

F Sim represents the function similarity between the problem and an effect defined as 
 

FSim  F(A)  F(A)Sim  F(F)  F(F)Sim . The function array is more important than the attribute 
E i E E i E E i 

 

array, so it is calculated first as the first screening. 

is calculated using Eq. 3. 

F ( A)Sim  is calculated using Eq. 2, and F ( F )Sim 

F is the threshold for function array similarity. If F Sim  F , calculations proceed to Step 4, 
E E i E 

 

otherwise i  i 1 and calculations returns to Step 2 for the next effect. 
 
 

Step 4: Calculate E Simi and determine if E Simi passed the threshold of E 

E Simi the similarity between a problem and an effect, is defined as:. 
 

Sim  A  ASim  F  F Sim . Where ASim   is calculated using Eq. 1. 
E i E E i E E i E i 

 

E is the threshold for the total ECA similarity. If E Simi  E  , the effect may be a possible 

solution, and calculations proceed to next step. Otherwise 

for the next effect. 

i  i 1 and calculations returns to Step 2 

 
 

Step 5: Compile the solution models 

When the similarity calculations for all effects are completed, the effects whose similarity 

measures passed both the function thresholds and attribute thresholds as mentioned in the previous 

steps can be listed as feasible effects to solve the problem. These effects can be combined with the 

feasible effects obtained from next section, Part 2 of Figure 4, to form the full set of effects for 

solving the subject problem. The similarities values for all feasible effects from ECA comparison 

and from PCA comparison will be normalized and cumulated within the same effect to determine the 

final priority of the effect. The normalized similarity value of i  th 

represented as E Normi . 

3.5.3 Part 2: Elaboration on the Second part of Figure 4: 

effect from ECA database is 

 

Refer to Figure 7 for similarity comparison process between problem PCA and solved cases (CCAs). 
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C j 

C j 

C

 

Step 1: Setting initial values 

Set j  1 representing calculation of the attribute and function similarities from the first case. 

Step 2: Determine whether j  J (210) 

J (210) represents that the model contains 210 solved cases. When the current case j is less 

than or equal to J , calculations proceed to Step 3. Otherwise, all cases have completed the 

similarity calculations. Then, proceed to Step 7 to compile the solution models for outputs. 

 

 
Step 3: Calculate   F Sim and determine if   F Sim passed the threshold of F

C j C j C 

 

F Sim represents the function similarity between the problem PCA and the PCA of the current 
 

case and is defined as F Sim  F ( A)  F ( A)Sim  F (F )  F (F )Sim . 
F ( A)Sim is calculated using Eq. 

C j C C j C C j C j 

 

5, and   F ( F )Sim is calculated using Eq. 6. 
 
 

F represents the threshold for function array similarity. Similarities between the problem PCA 
 

and past cases must be greater than or equal to the corresponding threshold, F . If F Sim  F , 
C C j C 

 

calculations proceed to Step 5, otherwise j  j 1 and calculations to Step 2 for next case. 
 
 
 

Step 4: Calculate C Simj and determine if C Simj passed the threshold of C 


C Simj 

 
represents the similarity between the problem and the current case and is defined as 

 
Sim  A  ASim  F  F Sim , Where   ASim is calculated using Eq. 4 and F Sim is defined in 

C j C C j C C j C j C j 
 

Step 3. 
 

C  represents the threshold for the total CCA similarity. 

 
If C Simj  C  , the solved case is considered sufficiently similar to the problem to be solved. The 

effects that are used to solve the case are feasible effects for the problem. The corresponding similarity 

measure, C Simj , is noted as the constituent similarity for these feasible effects. Further normalization 

and integration of   C Simj     and   E Simi for the same feasible effect will be used to determine the 

priorities for all feasible effects. If C Simj is less than the threshold, discard this case. 
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If j  J , calculations proceed to next step. Otherwise, let j  j 1 return to Step 2 for next case. 
 

Step 5: Normalize and integrate the similarities of individual feasible effects to form the priority 

indices for the various effects 
 

This step integrates similarity values for each passing effect from PCA/ECA comparison and from 

PCA/CCA comparison to form the final similarity value for each effect as the priority index for the 

effect. The higher the final similarity index the higher the corresponding effect is considered more 

likely to solve the subject problem. 

 
Similarity value for each effect from PCA/CCA comparison: 

 
The similarity values from all passed cases are assigned to the solving effects which are used to 

solve the case to indicate the problem solving relevance for each effect in each case for the subject 

problem. The problem solving relevance for the effects which are not used in solving a case are 

assigned zero problem solving relevance with respect to that solved case. The problem solving 

relevance for each effect across all solved cases are added to indicate its relevance to solve the subject 

problem to be solved. To prevent any accumulated problem solving relevance for an effect to be greater 

than one. The accumulated problem solving relevance of each effect are then normalized by dividing 

it by the largest problem solving relevance of all effects to form the normalized similarity value of that 

effect from the PCA/CCA comparison. The normalized similarity value of   i  th 

PCA/CCA comparison is denoted as C Normi . 

effect from 

 

The similarity value for each effect from PCA/ECA comparison was obtained from Part 1 Step 5 

previously. 

 
When similarities for each effect from both PCA/ECA comparison and PCA/CCA comparison are 

weighed and added based on the below equation to form the final similarity measure for the effect: 

Simi  E   E Normi  C   C Normi 

Where: 

Simi : The final problem solving relevance for the effect i to solve the subject problem represented 

by the final similarity index to solve the problem. The higher the Simi , the higher the priority 

of the effect i is recommended to solve the problem as a trigger solution. 

i : the index identification for the effect i . 

E : The weight for the normalized similarity between the PCA and ECA comparison. 

C : The weight for the normalized similarity between the PCA and CCA comparison. 

 
Lastly, the prioritized effects are used, according to their priority sequence, as trigger solutions for 

problem solving by human operations. 
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Test set (Problem to be solved) Training set (Database) 

 

4. Results and Case Verifications 
 

A simple operating interface for the mathematical problem-solving tool in this study was 

constructed using Visual Basic for Applications (VBA) of Excel. Details of the software interface are 

omitted to reduce the space of this paper and can be found in (Hong, J. 2017). 

 
4.1 K-Fold Cross-Validation 

 
To make a sound experiment, the K-fold(K=3) cross-validation process was used to rotate test sets. 

The 210 solved cases were divided equally into 3 data sets. The 3 groups of data sets take turns to 

serve as test set of 70 problems each with the other 2 data sets of 140 cases plus 70 effects as the 

training set for experiments. The results showed consistent good prediction of existing solutions 

regardless of which data set is used as test set. The concept of K-fold validation is illustrated in Figure 

5. 

 
 Group 1 (70 cases) Group 2 (70 cases) Group 3 (70 cases) 70 effects 

Run 1   

Run 2    

Run 3    

 
 
 

Figure 5. The Process of K-Fold Cross Validation. 

 
The best, random, and worst output trigger solutions, were used to determine the effectiveness of 

the prioritization method proposed. By selecting the 10 highest priority solutions for each “unsolved” 
problem, the system was able to have 96.2% hit rate while random selection of solution models can 
only have 13.3% hit rate. It is noted that the worst 10 solutions based on similarity measures result 
only 0% hit rate. This verifies the validity of the prioritization method. Details of the test results are 
given in Table 7. 

 
Table 7. The Overall Performance on Hit Rate. 

 
 

 1st-fold 2nd-fold 3rd-fold overall average 

Best 10 solutions 0.971 0.971 0.943 0.962 

Random 10 solutions 0.086 0.114 0.200 0.133 

Worst 10 solutions 0 0 0 0 

 
To clearly verify the significant differences between best set, random set, and worst set of given 

number of trigger solutions, hypothesis testing was applied to the results and statistics results were 

shown in Figure 6. 

 
(1) Comparison between 10 highest (best) prioritized effect solutions and 10 randomly selected effect 

solutions: 
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H0 : 10 _ Best  10 _ Random 

H1 : 10 _ Best  10 _ Random 

 

Paired-Sample t test and confidence interval: Ten best and ten random solutions (Pair 1 result) 

 
Using IBM SPSS software, the analysis results showed that p/2= .0045< = .05. Therefore, H0 was 

rejected, which verified that the hit rate of the ten best effect solutions were statistically and 

significantly higher than that of the randomly selected effect solutions. 

 
(2) Comparison between 10 highest (best) prioritized effect solutions and 10 lowest (worst) prioritized 

effect solutions: 
 

H0 : 10 _ Best  10 _Worst 

H1 : 10 _ Best  10 _Worst 

 

Output results from the IBM SPSS software: 

 
Paired-Sample t test and confidence interval: Ten best and ten worst solutions (Pair 2 result) 

 
The results showed that when = .05, p = .000, thus p/2 <   which represents that H0 was rejected. 

This proved that the hit rate of the ten best effect solutions were statistically and significantly higher 

than that of the ten worst effect solutions. 

 
(3) Summary 

 
Based on all the above statistical verifications of a two-tailed t test, it is clear that the solving power 

of the ten highest similarities effects was superior to the those of ten either randomly selected effects 

of lowest similarity effects. 

Figure 6. The Results of Hypothesis Test using IBM SPSS. 
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4.2 Sensitivity analysis with respect to the number of output solutions selected 

 
The results of the sensitivity analysis are shown in Figure 7. The solution hit rates is positively 

correlated with number of effect selected for problem solving. With 3 best similarity solutions, the hit 

rate is already over 90%. Outputting the six most similar effect solutions resulted in 96% hit rate. 
 

 
Figure 7. Sensitivity Analysis on the Number of Trigger Solutions. 

 

5. Summary and Conclusions 
 

This research proposed a mathematical/quantitative approach to prioritize relevant effects for 

problem solving using similarity measures. The results showed that the prioritized effects provides 

substantially higher hit rate to solve problems successfully compared with the same number of either 

randomly selected effects or lesser similarity effects. Thus, the method was certainly effective in 

relevant effects identification for problem solving compared to random selections of effects. 

 
The contributions of this paper include: 

 
1. Allowing the users quickly, objectively, and repeatably obtaining solution to a problem with 

priority based on existing effects and solved problems with Fuzzy similarity. 

 
2. Using multivariate similarity analysis to enhance original simple similarity measures to reflect real- 

world situation and producing better performance than crisp similarity. 
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Abstract 
 

The Ministry of National Defense held activities of “Military Camp Opening to the Public” 

regularly located at Army, Naval or Air Force bases. These activities not only showed the training 

results of Armed Forces to the citizens but also made citizens get more understanding to civilians to 

converge consensus of all-out-defense. However, it usually cost lots of manpower to conduct traffic 

control while holding those large scale activities, even makes traffic jamming around the military base. 

Thus, improving the efficiency of traffic control during activities was the aim of this study. First, the 

researchers used the operation of the troops as the research background to explore the activity of traffic 

control in the inner and outer gates of the camp. Second, we employed the experience of participating 

in the service as the references for problem situation specification. Third, the contradiction matrix and 

40 inventive principles in TRIZ for Business and Management were applied to improve the efficiency 

of the traffic control activity. Finally, this study generated some innovative ways as reference 

architecture for organizing activities in future. 

 
Keywords: Traffic Control Activity, TRIZ for Business and Management, Contradiction Matrix, 

Inventive Principles 

 
1. Introduction 

 
▪ 1.1 Research Motivation 

 
All camps of the ministry of national defense had the opportunity to held activities of “Military 

Camp Opening to the Public”, and thus faced the problem of traffic control. Due to people’s driving 

habits, the handling unit must send troops to implement traffic control in and outside the camp. 

However, the limited manpower management and controlling experience made the overall traffic 

operation control process full of uncertainties 
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1.2 Research Purposes 

 
Based on the above research motivation, the purpose of this study was to find out the conflicts of 

traffic control process. And then, researchers used the contradiction matrix and forty inventive 

principles to generate innovation solutions for the implementation of the “Military Camp Opening to 

the Public” in the future. 

 
2. Literature Review 

 
▪ 2.1 TRIZ for Business and Management 

 
The TRIZ techniques for Business and Management were different from the original TRIZ 

techniques (MATRIZ, 2018). It was due to further development of the techniques and adaptation of 

TRIZ to business and management applications by ICG T&C (Souchkov V. 2015). 

 
▪ 2.2 Contradiction Matrix for Business and Management 

 
Contradiction Matrix provided systematic access to most relevant Inventive Principles for 

contradiction elimination. Contradiction Matrix with the Collection of Inventive Principles for 

eliminating contradictions was useful to obtain recommendations to resolve a contradiction. 

 
Contradiction matrices were available for Technology and Engineering (Mann, 2007a), 

Contradiction matrices for a business organization involved to development and sales were available 

in Darrell Mann (2007b), “Hands-On Systematic Innovation for Business and Management”. A more 

universal for variety of business/management issued from Conley (2009). There were 31 parameters 

of the business/management contradiction matrices. 

 
▪ 2.3 Inventive Principles for Business and Management 

 
40 Inventive Principles for Business and Management was an extended version of 40 TRIZ 

Inventive Principles originally developed by G. Altshuller, and later adapted for solving business and 

management problems and challenges (Souchkov, 2015). 

 
▪ 2.4 The Traffic Control Activities of Camps of the Ministry of National Defense 

 
After preliminary understanding, all Camps of the Ministry of National Defense would send 

official troops and assisted by other camps in handling related activities. The traffic control at roads 

or important intersections around camp was showed in Fig.1. But for external assistance units (such 

as regional police), there was no common superior approved delivery or formal service order. 

Therefore, it was impossible to come to support traffic control activities. 
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Figure 1. Photograph of the traffic control situation of a Camps of the Ministry of National 

Defense 

 
3. Methodology 

 
Two research methods "Business and Management Contradiction Matrix" and "Business and 

Management Invention Principle" were applied. They were used to generate innovative solutions and 

choose the best solution to guide and improve the traffic control problem in the military camp area. 

 
▪ 3.1 Process of Applying Contradiction Matrix 

 
1. Selecting your contradiction from RCA+ or from another source, or independently. 

 
2. Finding a closest matching typical parameter (or two) for your positive effect. 

 
3. Finding a closest matching typical parameter (or two) for your negative effect. 

 
4. Selecting a cell in the Contradiction Matrix with the numbers of Inventive Principles which is 

on the intersection of the typical parameters selected. 

 
5. Repeating step 4 for all combinations of typical parameters if any. 

 
6. Recording all selected numbers of Inventive Principles. 

 
7. Record Inventive Principles which repeat more than once. 

 
8. Recording Inventive Principles which stand the first in each cell. 

 
9. Creating a list of Inventive Principles selected at steps 7-8. 
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10. Using each Inventive Principle from the list created at step 9 to generate new solution ideas. 

 
11. Recording all ideas produced. 

 
12. Recording all secondary ideas if any. 

 
13. Checking if combinations of the ideas produced can generate more ideas. 

 
14. Recording ideas produced as a result of combining ideas. 

 
▪ 3.2 Positive/Negative Effect Parameters for Business and Management 

 
There were 31 Positive/Negative Effect Parameters as follow: 1. Activity Effectiveness. 2. 

Activity Variability. 3. Activity Expense. 4. Activity Time. 5. Activity Complexity. 6. Activity 

Convenience. 7. Activity Safety. 8. Activity Reliability. 9. System Effectiveness. 10. System Variability. 

11. System Expense. 12. System Time. 13. System Complexity. 14. System Convenience. 15. System 

Safety. 16. System Reliability. 17. Internal Risk. 18. External Risk. 19. Information Sharing. 20. 

Information Loss. 21. Information Flow. 22. Feedback. 23. Material Flow. 24. Harmful Effects to 

System. 25. Harmful Effects from System. 26. Adaptability /Versatility. 27. Organizational Tension. 

28. Organizational Stability. 29. Customer tension. 30. Customer Stability. 31. Environment Stability. 

 
Table 1. Contradiction Matrix for Business and Management 
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(Source: InnomationLLC.com Copyright 2009, DW Conley) 

 
▪ 3.3 Inventive Principles for Business and Management 

 
There were 40 Inventive Principles for Business and Management as follow: 1. Segmentation. 2. 

Taking away. 3. Local quality. 4. Asymmetry. 5. Merging. 6. Universality. 7. Nesting. 8. Counter action. 

9. Prior anti-action. 10. Prior action. 11. Beforehand cushioning. 12. Tension removal. 13. Other way 

round. 14. Non-linearity. 15. Dynamization. 16. Slightly less or more. 17. Another dimension. 18. 

Resonance (coordination). 19. Periodic action. 20. Action continuity. 21. High speed. 22. Blessing in 

disguise. 23. Feedback. 24. Intermediary. 25. Self-service. 26. Use of copies and models. 27. Cheap 

and short life. 28. Principle replacement. 29. Flows and flexibility. 30. Border conditions change. 31. 

Holes and Networks. 32. Visibility change. 33. Homogeneity. 34. Discard and Recover. 35. Parameter 

change. 36. Paradigm shift. 37. Relative change. 38. Enriched Environment. 39. Inert Environment. 

40. Composite Structures. 
 

4. Result and Discussion 
 

▪ 4.1 The Most Urgent Problem 

 
Based on preliminary investigation, ‘The people participating in the activities (Military Camp 

Opening to the Public) are not focused enough on the supervision of the traffic controllers’ was the 

most urgent problem. And, the main causes of it were as below: 1. ‘The public does not trust the traffic 

controller’. 2. ‘Traffic controllers have insufficient effectiveness on duty’. Since ‘The public does not 

trust the traffic controller’ was too complicated to handle by camp person, the following paper 

investigate the cause of ‘Traffic controllers have insufficient effectiveness on duty’. 

 
▪ 4.2 Cause Mining of the ‘Traffic Controllers have Insufficient Effectiveness on Duty’. 

 
Military Camp Traffic Controllers held activities might be faced with challenge of ‘Professional’ 

and ‘Lawfulness’. The national army troops had been performing combat readiness exercises for many 

years, dozens amount of military vehicles are guidance outside the camp was a usual case. Therefore, 

a common recognition mistake was that ‘I thought that as long as I put on my reflective vest, I took 

the traffic stick, stood on the road, and mouth blowing a whistle, I could command and control traffic’. 

They didn’t know that the power conferred by law must be emphasized in the execution of traffic 

control duties. Looking at the various types of units of the National Army to perform the task of traffic 

control, it was unfounded according to law except Military Police. Military Police’s identities were 

‘Code of Criminal Procedure’ and traffic operation control. No laws and regulations were available, 

camp traffic controllers did not have the power to control and control traffic. And they could be 

controlled and released according to the traffic lights only. The roles of camp traffic controllers were 

assistant and reminder. If there were people who did not cooperate with the traffic control during the 

activities period, there was nothing to do with them. 
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The people participating in the activities 
are not focused on the supervision of the 

traffic controllers enough 

Highlights the need for 
professionalism and legality 

 

▪ 4.3 The Positive Result of ‘Traffic Controllers have Insufficient Effectiveness on Duty’ 

 
The negative result of ‘Traffic controllers have insufficient effectiveness on duty’ was ‘The 

people participating in the activities are not focused on the supervision of the traffic controllers 

enough’. In the other hand, the positive result of ‘Traffic controllers have insufficient effectiveness on 

duty’ was ‘Highlight professionalism and legality’. 

 
The Republic of China was a country ruled by laws, even traffic control that the troops were 

accustomed to should be. Ask yourself, if a soldier in the army was not professionally trained and had 

no legal status, was he be qualified for traffic command control just with a whistle and a traffic stick? 

Imagine who should be responsible for traffic accidents caused by improper traffic control of the traffic 

control personnel during duty? Who would be compensated if he was accidentally injured or injured 

while on duty? If the traffic controller was under heavy command due to lack of functions, could he 

be blamed on him? If there were people who did not cooperate, had the traffic controllers the power 

to enforce sanctions? All of the questions mentioned above, naturally, people had no obligation to obey 

the traffic control personnel. Therefore, it was very important to have legal status and professional 

functions. This situation was what we meant by "Highlights the need for professionalism and legality". 

 
▪ 4.4 Conflict Description 

 
 

 

 

Figure 2. The conflict of the‘Traffic controllers have insufficient effectiveness on duty’ 

 
 
 

4.5 Contradiction Matrix, Inventive Principles for Business and Management and 

 
4.5.1 Contradiction Matrix for Business and Management 

 
Then the results of positive and negative effects of conflict issue are converted into thirty-one 

Effect Parameters for Business and Management in the Contradiction Matrix for Business and 

Management as shown in section 3.2. 

 
conflict

Traffic controllers have 
insufficient effectiveness on duty 
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Table 2. Parameters for Business and Management corresponding to the conflict 
 
 

Conflict: Traffic controllers have insufficient effectiveness on duty Parameter 

The people participating in the activities are not focused on the 

supervision of the traffic controllers enough 

16. System Reliability 

highlights the need for professionalism and legality 9. System Effectiveness 

 
4.5.2 Inventive Principles for Business and Management 

 
After listing the Parameters for Business and Management related to the conflict issue and 

Contrast Matrix (see Table 1), we found corresponding Invention Principles of business management 

TRIZ were no. 1, 4, 12, and 36 in Table 3. These four Inventive Principles might be suitable for this 

conflict issue. 

 
Table 3. The Invention Principle corresponding to Parameters for Business and Management 

 
 

Negative Effect Parameters→ 
 
 
 
Positive Effect↓ 
Parameters 

 

 
16 

 
9 

 
1,4,12, 36 

 
4.6 Generate and Select New Idea 

 
After finding the proper Invention Principles and following the methods and examples described 

in accordance with these Inventive Principles, improvement ideas were generated for the conflicts 

described as follows. 

 
1. Inventive Principle no.1, Segmentation 

 
The traffic controllers of out camp were all supported by the Regional Police or the Military 

Police. It could be also organized by the constitution, mixed with the Regional Police and Military 

Police (mainly by the Regional Police, supplemented by the Military Police) to get more legally 

effective. The camp was handed over by the commissioned officer, noncommissioned officer and 

private of the organizer. 

 
2. Inventive Principle no.4, Asymmetry 

 
No idea was generated from this Inventive Principle. 
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3. Inventive Principle no.12, Tension removal 

 
Implement was centralized training before duty to have relevant traffic control functions such as 

command and control. Naturally, it would not become more confusing due to tension dispose of 

various conditions. 

 
4. Inventive Principle no.36, Paradigm shift 

 
Referring to other opinions or practices for organizing open activities in the camp, the traffic 

control process would be optimized to suit one’s camp more. 

 
4.7 Evaluation and Selection of Best Ideas 

 
Three innovative improvements idea from the above were scored by Multi-Criteria Decision 

Matrix. The five evaluation criteria were: Effectiveness, economy, time saving, safety and popular 

acceptance. Each evaluation criterion was given weighting scores according to its importance. 

Researchers wanted to solve the problem that the traffic control process was not as effective as 

expected, safety was the most important factor in traffic control. Therefore, the weighing of "safety" 

was set to the highest 7. Second, the implementation of traffic control tasks involved legality must be 

enforced by a person with statutory public authority to also be obeyed by the public. Therefore, we set 

the weighing of "effectiveness" to 6. Third, things that must be prepared were very complicated over 

large-scale events. In the current general unit, the manning ratio was about 80%. The service of all 

soldiers was already quite heavy, so we set the weighing of "savings" to 5. Fourth, the preparation 

period of the event, deducting pre-work assignments such as planning reports and successive pre- 

screening instructions for the chief executive, the time available for homework and training was quite 

short. Therefore, we set the weighing of "saving time" to 4. Finally, the safety and smoothness of the 

activities were what everyone expects. Therefore, the constraints related to the activity and the matters 

that needed to be coordinated which also hoped that the public can support. Therefore, the weighing 

of "popular acceptance" was set to 3. (Multi-Criteria Decision Matrix is shown in Table 4) 

 
Table 4. Multi-Criteria Decision Matrix 

 
 

 
 
 
 
 

No. 

 
 
 

 
new ideas 

effectiveness 

safety 

savings 

savings tim
e 

popular acceptance 

S
core 

R
ank 

weighing 6 7 5 4 3 
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1 
The traffic controllers of out camp are all supported by the 
Regional Police, or supported by the Military Police. 1 1 1 1 1 5 1 

 
2 

Implement was centralized training before duty to have 
relevant traffic control functions such as command and 
control. 

 
1 

 
1 

 
0 

 
0 

 
0 

 
3 

 
2 

3 Referring to other opinions or practices for organizing 
open activities in the camp. 0 1 0 1 0 1 3 

 

After ranking by the Multi-Criteria Decision Matrix score and comparing the expected 

preparation time required to implement each idea (as shown in Table 5), we made our best choice. 

 
Table 5. Implementation preparation time 

 
 

 
No. 

 
new ideas 

Implementation 
preparation time 

1 
The traffic controllers of out camp are all supported by the 
Regional Police, or supported by the Military Police. 1 month 

2 
Implement was centralized training before duty to have relevant 
traffic control functions such as command and control. 3 days 

3 
Referring to other opinions or practices for organizing open 
activities in the camp. 1 month 

 
 
 

Comprehensive conclusion, idea no.1 was ‘the traffic controllers of out camp are all supported 

by the Regional Police, or supported by the Military Police. It can also be organized by the constitution, 

mixed with the Regional Police and Military Police (mainly by the Regional Police, supplemented by 

the Military Police), implementation will be more legally effective. The camp is handed over by the 

commissioned officer, noncommissioned officer and private of the organizer’. This idea had the 

highest total score among the five evaluation criteria: effectiveness, economy, time saving, safety and 

public acceptance. If we took this way, it would be expected to be implemented in the shortest 

preparation time. Therefore, it might be the best solution for this situation. 

 
5. Summary 

 
This paper was mainly to analyze the problems encountered in the traffic operation control 

process of “Military Camp Opening to the Public”. And, the more serious was "Traffic controllers 

have insufficient effectiveness on duty" problem, which also caused positive and negative effects. 

Then, this paper used the "Contradiction Matrix for Business and Management " to find out the 

"Inventive Principles for Business and Management" suitable for solving this contradiction. In 

addition, we generated improvement ideas through the "business management invention principles". 

Finally, the required preparation time was expected to implement the ideas through the evaluation of 

Multi-Criteria Decision Matrix. Idea no.1 ‘the traffic controllers of out camp are all supported by the 

Regional Police, or supported by the Military Police. It can also be organized by the constitution, 

mixed with the Regional Police and Military Police (mainly by the Regional Police, supplemented by 
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the Military Police), Implementation will be more legally effective. The camp is handed over by the 

commissioned officer, noncommissioned officer and private of the organizer’ was the best solution. It 

could provide the troops of the national army when handling the opening activities of the camp. 
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Abstract 
 

The study was inspired by the twofold challenge, posed by Birdi, Leach and Magadley (2012), to 

determine whether TRIZ training is as effective for managers faced with management problems, as it 

is for engineers faced with engineering problems, and whether having a control group of non-trained 

participants strengthens the study design. An experiment was designed to consider the following null 

hypothesis: ‘training NHS Employees in Systematic Innovation has no more effect on problem-solving 

abilities and perception of a domain specific problem, than business as usual’. 

 
The impact of Systematic Innovation training was tested through the method of a randomised control, 

feasibility, trial. Participants completed measures at two phases on problem perception and innovative 

skills. 

 
Participation included one group per study arm. Pansensic, a semantic analytical software tool mined 

for: i) sentiment, and ii) problem-solving language, cross-referenced with Myers Briggs profiles, to 

provide insight into participants during the two phases of the study. Due to low participant numbers 

the null hypothesis was neither accepted nor rejected. 

 
In comparison to the work of Birdi, Leach and Magadley (2012), which explored the impact of TRIZ 

on over 100 engineers, who were followed up for up to three years, through multi-method approaches, 

the current study differs in numbers, researcher proximity to participants and length of longitudinal 

follow up . In addition, the study was limited in the breadth of sectors and countries involved. 

 
The study’s contribution is the utilisation of randomised control research methods, familiar to the NHS, 

for business purposes. Qualitative analysis of participants’ problem perception, emerging from 

Pansensic, is of special interest, in that it draws on various lenses to reveal respondents’ intended 
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meaning. Despite inconclusive outcomes, the paper is valuable in showing the feasibility of such a 

study in health management, with the potential to widen the scope in future studies. 

 
Keywords: Systematic Innovation, health management, semantic analysis, RCT. 

 
Introduction 

 
In their discussion of significant governmental errors, King and Crewe (2014) reflect on a deficit of 

deliberation or intellectual prejudice, which takes the form of oversimplification, lack of options 

appraisal or risk analysis, by ministers and administrators in UK government. Such psychological 

inertia is recognised by advocates of Altshuller’s innovative method (1984,1996, 1999), as a 

combination of mental habits, lack of ‘clarity of understanding and thought, and being stuck in the 

same solution space’ (Gadd, 2011, p.21). 

 
On the premise that recursion, i.e. the phenomena of self-similarity in systems, whereby system 

features repeat at macro and micro levels (Mann 2007, p.10), is at play in the public sector, it is possible 

that psychological inertia permeates the management and leadership of the public sector. If so, 

managers would benefit from learning a methodology proven to break psychological inert states of 

mind and to generate innovative solutions. As Gadd (2011) states, ‘these tools shake our brains, 

attitudes, prejudices and help us seek new areas, new ideas and new solutions’, claiming that ‘those 

who use this approach become more creative and innovative’ (p.8). 

 
Inspired by these claims about the Theory of Inventive Problem Solving (TRIZ, Russian acronym) 

and Systematic Innovation (SI), the author set out to provide managers and staff in a NHS Trust with 

the opportunity to acquire skills in SI, and test the impact of that training. Similar, though not identical 

in content and philosophy, the terms TRIZ and SI are used synonymously. 

 
The author has attempted the challenge, set by Birdi et al. (2012), of determining whether TRIZ 

training is effective for managers faced with management problems, as it is for engineers faced with 

engineering problems, and whether having a control group of non-trained participants strengthens the 

study design. Thus by proposing that SI training is tested on managers in their attempts to solve real 

problems in the NHS, alongside a control group, who continue to work on problems through ‘business- 

as-usual’, a response to fill the gap in the research knowledge has been attempted. Although to 

facilitate elements of control, the study was a small scale, single site, feasibility study to test the impact 

of SI as an approach for resolving complex problems in the NHS. 

 
The study was undertaken in a Mental Health Trust (the Trust), which provides inpatient, community 

and specialist care to people aged 14-65, with a range of mental health problems, to improve their 

quality of life and to enable the achievement of personalised recovery goals. The organisation employs 

7,500 staff, ranging from unqualified support workers, to professors of psychiatry. 
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In 2016, a NESTA report concluded that ‘during economic downturns innovation is the single most 

important condition for transforming crisis into an opportunity’ (NESTA, 2016). It is proposed that SI 

has a serious contribution to make to the innovative knowledge and skills of managers in the NHS, by 

providing a systematic engagement with problems, to ensure that the right problem is solved in the 

right way (Mann, 2007). The use of such an approach is advocated by NHS England (2013, p.20): 

‘there needs to be a balance of a systematic approach to innovation and what can be driven by 

serendipity and opportunism… alongside access for all employees to innovation tools and knowledge’. 

 
Literature Review 

 
The literature explored was at the level of the individual or a small team within organisations. A 

clearly-defined scope is required because the literature on innovation is extensive. 

 
Table 1. A categorisation of literature foci according to professional discipline, tabulated from 

text in the systematic literature review of Patterson et al. (2009). 

 
Professional Discipline Perspective or area of focus on innovation 

Economists Issues involved with government intervention and 

technology infrastructure 

Scientists Instrumentalist perspective 

Organisational Psychologists Creativity at the individual or group level 

Management and business 

communities 

Organisational innovation 

 
 
 

The focus of the current paper is a presentation of research methods; therefore, reference to the 

underpinning literature review will be summarised. 

 
Systematic Innovation is a term used by Altshuller (1999) as a process of innovation and technical 

creativity. For the purpose of this study, creativity is defined by Birdi et al. (2012, p.316) as the 

‘generation of novel and useful ideas’. Innovation is defined by Plsek (1997, p.30) as the ‘first practical, 

concrete implementation of an idea, done in a way that brings broad based, extrinsic recognition to an 

individual or organisation’, usually as new ‘practices, processes, products or services’ (Birdi et al., 

2012, p.316; Amabile, 1988). In the context of the NHS, Gerry and Wyatt (2011, p.6) define innovation 

as an idea, service or product, new to the NHS, which improves the quality of health and care. 

 
Several elements of the literature have informed the study design: 

 
 Insufficient connectivity in public sector research between theoretical methods and the 

practical application of innovation, alongside a paucity of empirical outcomes (De Vries, 2016). 
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Testing Training in Systematic Innovation 

Completion of baseline measures, by participants 

 

 An understanding of components possessed by individuals required for innovation 

(Patterson et al., 2009; Amabile, 1983, 1988). 

 A growing evidence base that affective (motivation, emotions and confidence) and cognitive 

components (creative thinking skills) can be influenced by TRIZ training (Birdi et al., 2012, 2016; 

Haines-Gadd, 2015). 

 Innovation should be insourced, rather than outsourced, i.e. by teaching TRIZ to health care 

staff, problem resolution times reduce, implementation becomes smoother and costs of outsourcing 

innovation to consultants are reduced (Silverstein et al. 2007). 
 

Research Methods 
 

The study was designed to test the impact of SI training with managers in the public sector, specifically 

the NHS. A randomised experiment was designed with two groups, a control group of managers, who 

were tasked to address their complex work-related problem through business-as-usual, and an 

intervention group who were tasked to address their complex work-related problem during the course 

of a two day ‘Hands On SI’ (Mann, 2004) workshop. 

 
In line with the design of a randomised control trial (RCT) (Edovald and Firpo, 2016) the flow chart 

below, Figure 1, sets out the various stages of the study. 
 
 
 
 

 

 
 

 
 

 
 

 
 

 
 

 
  

 

  

  
 
 
 
 
 

Figure 1. Flow Chart of study design 

 
Anticipating a small number of participants, the study was established as a feasibility study, in the 

form of a non-equivalent control group design (Blumberg et al., 2014, p.345). The control group was 

Two days of working on specific work related problem via 
Systematic Innovation training 

Work on specific work related problem with degree of 
skill & attention afforded via business-as-usual 

or 

Randomisation of every two sets of participants 

Participant information and consent form given to & signed by potential participants 

Expressions of interests invited to a study briefing 

Promote study across NHS Trust, via posters & word of mouth 

25% of participants member 
check qualitative results 

Report analysis, findings 
in MSc Dissertation 

Disseminate 
findings 

Qualitative, quantitative and 
feasibility study feedback 

data analysed 

Completion of follow up 
measures 

Post training measures completed by participants 

Systematic Innovation Training Intervention Business-as-usual 
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non-equivalent, because the number of participants, their employment tenure, qualification level and 

problem complexity were not controlled. 

 
According to the National Institute of Health Research (NIHR, 2017), if a feasibility study is a small 

RCT, it does not need to have a primary outcome or power calculations. Instead, the sample size is 

used to estimate the critical parameters (e.g. recruitment rate, suitability of outcome measures, follow 

up rates and usefulness of datasets) to the necessary degree of precision. 

 
Duncan and Nicol (2003) advocate a mixed methods approach for health research and reject the view 

that paradigms are conflicting; instead, they suggest that, due to the nature of health care, a variety of 

approaches and methodologies are required (Miller and Crabtree, 2000). Informed by the work of 

occupational psychologists, whose logical constructions and theoretical modelling of innovative 

behaviour define them as ‘instrumentalists’, according to Salmon (1984, pp.5-7), the author has 

tested, with permission, the self-reporting measures designed by Birdi et al. (2012, 2016), which 

consider participants’ creativity skills, motivation and operational skills. 

 
Puccio (2009) argues that, although many practitioners are delivering this type of training, few are 

measuring the impact, noting the lack of evaluation of the effect of TRIZ training on the creativity and 

innovative skills of employees in organisations. These comments align with Basudur et al. (1982) who 

recognise that if employee behaviour change is to occur, through training, it is important that it impacts 

on cognitive and attitudinal attributes, which should therefore be measured for training outcome 

purposes. 

 
Haines-Gadd (2012) states that capturing the functional impact of training on participants provides a 

‘rigorous measure of the impact of TRIZ training’. Therefore, the study draws upon the validated 

measures of Birdi et al (2005, 2012, 2014) to elicit self-reported scores on 5 point scales, with a focus 

on motivation to innovate, creativity and operational skills, captured at two enquiry points: baseline 

and one month follow-up. 

 
One purpose of a feasibility study is the test the viability and suitability of outcome tools in the specific 

research context (NIHR, 2017). By testing the use of Birdi et al’s validated empirical tools, the aim 

was to capture the impact of the intervention on individuals’ innovative capability. However, in the 

current study, despite the opportunity to apply the measure of Birdi et al. (2005, 2012, 2016), the 

emphasis on quantitative analysis is likely to be limited. A sample size of 40 participants was the 

target and it was considered unlikely that statistical power would be generated from the results. 

 
What is important to recall, according to Barth (1995) is the culturally held ideas which people use to 

cope and understand themselves and their habitat. The current study proposes, that by exploring 

language, participants’ internally held concepts, ideas and knowledge, along with their emotional 

experience, associated with the problem situation, will be revealed more explicitly than would be 

expected through quantitative methods. Mann (2015) argues that unfiltered language captures people’s 

‘real reasons’ for doing something and this cannot be measured on a Likert scale. Using a mixed- 
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methods approach mitigates risks associated with dependence on one method, which can result in a 

variety of common method biases, outlined by Podsakoff et al. (2003). 

 
Participants’ problem perception, via Socratic questions, was analysed through sentiment analysis 

software (Pansensic). This keyword taxonomical process, with a subsequent semantic accuracy check, 

analysed emotions, perception, attitudes, metaphors and thinking styles, all communicated by the 

combination, frequency and order of words used. 

 
Pansensic’s output in the context of Big Data, Davenport and Dyche (2013, p.30) report that ‘the 

primary value from big data comes from the processing and analysis and the insights, products, and 

services that emerge from analysis…. that analytic changes should be accompanied by shifts in how 

data supports decisions and product/service innovation’. This aligns with the UK government’s vision 

(Shabolt and Dawson, 2013, p.13) for data management, which ‘pushes frontiers and drives innovation 

in data science and analytics, to achieve insight and value for the benefit of citizens and consumers, 

business and academia, the public and private sector’. 

 
This microcosmic study of participants, within public sector systems, may illuminate the ‘truth of the 

matter’, from the participants’ perspective, and, in turn, provide an opportunity for discussion about 

the use of these methods for sense checking staff or patient experiences, such that decisions and 

innovations may be genuinely informed. 

 
Hypothesis 

 
According to the NIHR, feasibility studies are not expected to produce primary outcomes or power 

calculations. It is therefore not feasible, in the size of the study, to set out, within any confidence 

objectives or hypothesis that can be proved with any validity or reliability. However, to set a direction 

and outline the purpose of the experiment it is worth establishing at least a null hypothesis: 

 
Training NHS employees in SI has no more effect on problem-solving abilities and 

perception of a domain specific problem, than business as usual. 

 
Recruitment 

 
Clinical teams, including at least one manager, employed in a Mental Health NHS Trust, were invited 

to bring a complex operational problem or opportunity to explore in the study. 

 
Benefits to participants: 

 
1. 50% opportunity to learn the process of SI for problem exploration, solution generation and 

implementation. 

2. Learning a structured approach to conceptualising complex problems not taught in 

clinical/professional training. 
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3. Allowing teams time to think purposefully without the distractions of the day job. 

4. Potential to generate solutions to benefit service users and the organisation. 

5. Contributing to research, resulting in different approaches to innovation. 
 

Data collection 
 

Measures were administered to participants at Trust premises, and were completed either electronically, 

into Survey Monkey, or on paper and transposed into Survey Monkey. 

 
Intervention 

 
The control group were invited to focus, for one month, to the degree that business-as-usual would 

afford, to work on their complex, work-related problem. Participants randomised to the training 

intervention engaged in a two-day workshop-style course, which was developed from ‘Hands On 

Systematic Innovation, for Business and Management’ (Mann, 2007). 

 
Following a brief overview of SI’s theoretical and philosophical framework, participants worked 

through the problem exploration tools (Mann, 2007) over a day and a half, with the final session used 

to generate, affinitise and prioritise solutions, through the use of the Contradiction Matrix and 

respective inventive principles for business. 

 
Throughout the problem-definition phase, participants were invited to record on an A3 piece of paper 

the key learning points and contradictions/conflicts, and to reflect on their experience during a period 

of facilitated silence, aligning with Hedberg’s (2009) suggestion that management educators use 

contemplative classroom learning to facilitate reflection, resulting in deeper learning and challenge 

assumptions, beliefs, and values. 

 
This A3 paper record was then utilised as the basis for the solution-generation phase. The final 

workshop session was designed to close with each team developing an implementation plan, for 

solution enactment, with allocated tasks, achievement deadlines, report back dates and communication 

of their findings to relevant managers. 

 
Study limitations 

 
To measure impact, Patterson et al. (2009, p.40) recommend that ‘real time longitudinal data collected 

on large representative samples of individuals or groups and assessed with a variety of methods’. Due 

to the nature of this research as a feasibility study, Patterson et al.’s (2009) recommendations were 

unlikely to be met. 

 
However, this feasibility study aimed to capture, in a small sample, the impact of training in a specific 

methodology on the problem perception and the innovative potential of employees in the NHS. The 

sample was undertaken in real time, with a limited timeframe of a month, with real-world NHS 
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problems and with a variety of self-selecting employees, assessed with a variety of qualitative and 

quantitative methods. Thus, the study was sufficient, within the scope of a feasibility study to attempt 

to capture those elements, albeit to a limited degree. 

 
Bias was considered throughout the study phases, by drawing upon Sacket’s (1979) ‘Bias in analytical 

research’, and mitigated by holding in mind bias risk and utilising a range of counter measures outlined 

in Table 2 below. 

 
Table 2. Consideration of bias 

 
 

Phase of Study Types of Bias 

(Sackett, 1979) 

Steps taken to mitigate bias 

1. Selecting 

sample 

a. Volunteer Bias The sample was self-selecting, creating risks of selection 

bias, limiting generalisation of results. 

 b. Wrong Sample 

Size Bias 

The sample size was not formally calculated and the 

feasibility nature of the study permitted this weakness. 

2. Experiment 

execution 

a. Therapeutic 

Personality Bias: 

over-positive 

references, 

applying Halo 

Effect or over- 

praising skill 

acquisition. 

The author was cognisant of the risks associated with 

running the study. However, knowledge of expectancy 

effect and fidelity to Mann’s (2007) Hands On Systematic 

Innovation as the training manual reduced this risk. 

 
Training modules were tested with an academic 

supervisor, to avoid emotive or manipulative language 

during delivery. 

 b. Bogus Control 

Bias 

Participant randomisation of assignment in blocks to 

either 1 (business-as-usual) or 2 (SI training) using 

www.randomiser.org. 

 c. Hawthorn Effect Measurements at the end of training and one month later, 

addressed attention influence imparted during training, 

giving a closer representation of skill acquisition. 

3.Measuring 

outcomes 

a. Expectation Bias By using Pansensic, the key terms extraction and analysis 

phase was automated, thereby removing outcome finder 

bias. 

 
Setting out these countermeasures, at the start, enabled a successful ethical approval application to the 

Integrated Research Application System (www.IRAS.org). 

 
To conclude, the methodology, inspired by Edovald and Firpo (2016), was designed to test the 

feasibility of undertaking a RCT on the impact of innovative skills acquisition and effect on problem 

perception. This unique study in the NHS, can be considered as innovative research. 

 
Outcomes and Analysis 
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Recruitment 
 

Due to navigating the complex NHS ethical approval application process, the study period became 

compressed, allowing three weeks for promotion and recruitment, between 1-21 September 2017. 

Expressions of interest were submitted, from clinical and operational teams, but only two groups 

consented to participate, a Later Life Community Mental Health team and a Psychology team. 

 
Managers reported the complexity and intractability of work-related problems that they found hard to 

resolve because of competing pressures. They had a desire to learn a methodology and wanted time to 

think away from day job demands. 

 
Feedback 

 
Due to low numbers, participants were invited to offer verbal feedback following each module, to 

capture their live experience of the learning process. Such feedback cannot be used with any reliability 

due to common method biases such as ‘context induced mood, leniency bias and acquiescence biases’ 

(Podsakoff et al., 2003, p.882). However, live feedback accesses the content of participants’ thinking 

during the training process (see Figure 3. below). It was agreed that the detailed content of the problem 

scenario would remain confidential. 

 
It is apparent, from the word cloud (Figure.3) that the situation is the most recurrent theme, since the 

majority of the workshop was spent exploring the problem situation. Negative words such as delays, 

failure, chaos, bogged, lost and stuck, are all symptomatic of a complex situation. However, there are 

some positive words emerging, including good, wider, clarity, ideal and like. 

 
Many of the latter group, of words, are reflections of the training content and possibly the influence 

of the instructor. The emotional experience of the group versus the control group will be evaluated in 

a later section utilising sentiment analysis. 
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Figure 3. Word Cloud showing feedback following workshop modules. 
 
 

 
Key phrases revealing learning in progress 

 
Problem was initially a challenge, now I have a realistic appraisal of things. 

Moved to a position of greater clarity. 

Realised that there is chaos at all levels. 

 
All tools were useful each affirming revelations from preceding tools. Each brought 

different perspectives enabling a refining and evolution of thought processes. 

 
Before we started I felt quite hopeless and demotivated and left feeling like things were clearer, 

made sense and we had a clear list of doable solutions. 

 
In brief, the experience as the trainer was productive and insight generating. Some of the SI tools are 

akin to a psychological formulation, which is a visual tool in therapy (Johnstone and Dallos, 2013). 

Participants realised that the tools of their trade, used on a micro (client) level, could be used at the 

system (organisation) level and that some of the same problems (“chaos”) were recognised to be 

manifesting at different system levels. This latter realisation aligns with ‘recursion’, one of the 

philosophical pillars of SI, whereby system features repeat as the focus shifts from micro to macro 

scale (Mann, 2007). 
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Quantitative Outcomes 
 

Due to low participant numbers, the range of quantitative data will be limited to the three core 

components of Amabile (1988): motivation to innovate, creativity relevant skills and operational skills, 

calculated from the numerical rating of Likert scale responses to questions developed by Birdi et al. 

(2012, 2016). These were compared at baseline and at follow-up for the two groups. The results are 

tabulated and graphically presented below. 

 
Before discussing the outcomes, it worth reflecting on Kahneman’s (2011) three notes of caution, 

advising researchers to beware of low numbered sample sizes, because, firstly, such samples (artifacts) 

can deliver extreme results, which are often produced by the research itself (p.111). Secondly, results 

from small samples cannot be interpreted with the same level of confidence, warning of ‘statistical 

intuitions’ and advises that researchers ‘replace impression formation by computation whenever 

possible’ (p.113). Thirdly, the ‘law of small numbers’ manifests from a ‘psychological bias which 

favours finding certainty, consistency and coherence from what is experienced, i.e. the mind constructs 

a rich image based on limited and potentially unrelated pieces of evidence’ (p.114). 

 
Observations of the data (Fig.4) will be reported descriptively, without inference. The stronger overall 

starting point of the intervention group is noted, along with their slight proportionate increase across 

all measures at the end of the period, compared to the proportionate reduction in scores for the control 

group, though no conclusions can be sensibly drawn from these changes. 
 

 
Figure 4. Comparison of self-reported creativity, operational skills & motivation to innovate. 

 
Therefore, it is not possible to answer the question posed by Birdi et al. (2012, p.324) i.e. ‘whether 

TRIZ training would work better with engineers working on engineering problems than with managers 

and management problems’. 

 
Nor is it possible to add anything to Birdi et al.’s (2016) findings that creativity-relevant skills have 

the most consistent relationship with idea generation, rather than implementation, nor to their finding 
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BEFORE 

AFTER 

 

that intrinsic motivation is ‘uniquely related to idea implementation’, in that implementation is 

challenging and requires high levels of motivation and tenacity to see projects through to completion. 

However, this feasibility study has demonstrated that SI training is an asset, which in future research 

could be tested with a greater sample size over a longer period of time. 

 
Qualitative Outcomes 

 
The text-based responses to Socratic questions, posed at the three time points: baseline (pre- 

randomisation), post-training and one month follow-up, have been analysed using Pansensic. 

 
According to Mann (interview with author, 24.11.17), Pansensic analyses the connection between 

language and Myers Briggs (MBTI) type. This tool was developed by cross-referencing speeches and 

public proclamations with the published profiles of thousands of individuals, from John F Kennedy to 

Einstein. As a result of the laborious process of cross-referencing on this scale, Mann is confident in 

the tool’s validity. 

 
The baseline and post-training comparison for the intervention group shows a movement towards 

higher innovative capability, with an increase in risk-taking attitudes and courage, identifying the 

newly-trained group as moving from ‘adapting things that other people are doing’ to a more innovative 

position where they are confident to ‘do things no one else is doing’ see Figure.5. This is a positive 

sign of the training’s immediate impact on ‘creative self-efficacy’ (Tiereny and Farmer, 2002) and 

accords with the findings of Haines-Gadd (2015) that the experiential learning of TRIZ training has a 

positive impact on confidence to innovate. 
 
 

 

 
Figure.5. Positioning intervention group in relation to MBTI problem solving capability. 
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However, at the one month follow-up stage, there are signs of a depreciation of this risk-taking, 

innovative mindset to one where the intervention group are more inclined to ‘do things better’, which 

reflects an attitude of trying to optimise the existing system rather than inventing something new. This 

depreciation placed them in a position less innovative than the control group, at one month follow-up 

(Figure.6). 
 
 

 

Figure 6. Positioning of intervention group (red) in relation to MBTI problem solving 

capability, in comparison to control group (purple), at one month follow up. 

 
 
 

A similar longitudinal decline is reported by Birdi et al. (2012), who postulates that the structure and 

guidance provided in the classroom provides a sense that problems can be tackled, whilst back in the 

workplace, problems are perceived as more complex to resolve. Secondly, Birdi et al. (2012) propose 

that further initiatives should be made available to employees to bolster innovative skill and attribute 

maintenance. One participant suggested: 

 
“In an ideal world, I would have a follow-up day or at least a session, but again time 

may be prohibitive to that”. 

 
In sum, there was an initial boost to innovative confidence, directly after the training intervention, 

however, this depreciated, to a more risk-averse position and attitudes more geared towards system 

optimisation. 
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Sentiment analysis 
 

In his description of the Pansensic range, Mann (2013) describes, the analysis of emotional states as 

‘one of the conceptually simplest of the tools. It basically looks for the types of emotional language 

that people use when they are talking about a given subject’. It is used here to review the before-and- 

after emotional states of participants. 

 
Birdi et al. (2012, 2016) and Haines-Gadd (2015) argue that measurement of the impact of training is 

an important method for understanding the changes taking place in the minds of participants during 

training. The reduction in negative emotions: fear and frustration, and increase in positive emotions: 

happiness, excitement and delight, are favourable for the participants’ affective experience. The latter 

two positive emotions specifically correspond to high levels of customer satisfaction, according to the 

Kano (1984) model, suggesting that the learning experience exceeded their expectations. 

 
However, the measure of sentiment at one month follow-up reveals a different picture, which is similar 

to their emotional state at baseline and when compared to the control group’s one month follow-up 

emotion map, which shows negligible difference, except the willingness to get on and do something. 

This depreciation in mood quality may be explained by the wearing off of the influence of 

experimental bias (Rosenthall and Jacobson, 1966). 

 
Examining the ‘problem’ related language of the two groups reveals a striking similarity in their 

baseline experiences with stress, “Anxiety about work load” and “unresolved problems at work” and 

frustration: “not providing what I think I should be”, with complexity and difficulty encountered by 

the intervention group: “difficulties are seen and experienced, yet we don’t have the solution”. 

 
At the one month follow-up, the control group remain stressed and frustrated: “wanting to help, but 

colleagues are actively dismissive”, and are left with an unresolved problem, whilst the intervention 

group had a smaller cluster of negative emotional states, although the problem remains. 

 
This is an interesting outcome for the intervention when comparing quotes at follow-up, with the 

control group “able to identify a key problem” and having “ideas about setting up focus groups”, 

compared to the intervention group’s language: “no longer want to research the problem, instead feel 

able to address the issues” and are “able to map out the detail of each step to problem solve and 

overcome barriers”. 

 
One may propose that, as stress results in approximately 850,000 staff sickness days in the NHS per 

year (Boorman, 2009), and that situations which are likely to cause stress are uncontrollable, 

ambiguous, and uncertain or involve conflict or performance expectations (Michie, 2002), a team 

which reports less stress and feels in control, will have less days off sick, thereby costing less as 

employees. 
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Furthermore, according to Michie (2002), problem-solving skills, identified as one of the key 

resources for facing demands at work, can help staff to cope more effectively. The unmeasured benefit 

of training NHS staff in SI, in terms of greater wellbeing, requires further research to determine the 

credibility of these claims. 

 
In conclusion, both the quantitative and qualitative data analysed have delivered interesting and 

powerful results. As such, it is not possible to make great claims about these findings other than they 

show a sense of progress after one experiment. Of the four reasons for using a multi-methods approach 

(Morgan 1998),it is proposed that this dual approach has provided some complementarity, with both 

approaches showing signs of improvement for the intervention group. 

 
Further research is required on larger samples over greater periods of time, to determine their value in 

measuring changes in the cognition and affect of training participants, in the hope that more 

sophisticated learning outcome measures will provide detailed feedback to enhance the quality of 

training, such that knowledge and skill transfer is effective and sustained. 

 
Discussion 

 
This study has attempted to counter the weaknesses of previous studies of innovation in the public 

sector, outlined by De Vries et al. (2016), in that it was an experiment, which relied on mixed methods 

at the individual and team level. The study drew upon the theoretical and practical methodology of SI, 

which strengthens the study in comparison to previous studies, which De Vries et al. (2016) observed 

lacked a link to innovation theories. The extent of the longitudinal observation was limited to one 

month and the study occurred in one sector and one country. 

 
However, an attempt to test training NHS managers in SI has been undertaken, informed by Amabile’s 

(1983, 1988) Componential Model, to explore the impact of training on domain skills, creativity skills 

and intrinsic motivation, thus tentatively following in the footsteps of Birdi et al. (2012, 2016). Unlike 

those studies, which explored the impact of TRIZ on over 100 engineers, who were followed up for 

up to three years, through multi-method approaches, the current study differs in numbers, proximity 

to participants and length of longitudinal follow-up. 

 
What is similar between the studies is a shared weakness: Birdi et al. (2012) note that TRIZ methods 

were not compared with a control group trained in other methods of creativity. However, in the context 

of this feasibility study it was considered unachievable within the resource, time and research support. 

 
Haines-Gadd (2015), in her use of Birdi et al.’s (2012) measures, also added the measurement of 

creative efficacy or creative confidence. Though the same measure was not used in this study, there is 

a proposition within the findings of the current study that the shift in creative confidence, willingness 

to take risks and try new things, as measured through language extracts and analysis of Myers Briggs 

problem solving types, may be akin to a shift in creative self–efficacy or confidence. However, due to 
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the limited data size and without further analysis of the conceptual constructs and comparability of the 

terms, it is not possible to provide firm evidence to support this proposal. Further research would be 

interesting, as creative self-efficacy is evidenced as a strong determinant of innovative output (Haines- 

Gadd, 2015; Patterson, 2009). 

 
A training course was developed to enable participants to engage directly with the tools and 

deconstruct their problem through in-depth exploration. In devising such a ‘hands on’ (Mann, 2007) 

course, it was hoped that the training would affect people’s feelings about innovation and improve 

their confidence levels. With the use of periods of quiet reflection, recapping and condensing the 

learning of each module onto a piece of A3, the workshop design integrated the advice on effective 

knowledge transfer. There is some possibility that ‘fear of having a go’, which, according to Domb et 

al. (2010), is the greatest obstacle to using TRIZ outside of the classroom, was overcome. 

 
For one participant perception mapping was a voyage into the unknown: 

 
“During the training there were times I wasn't sure where we were going or the task ahead 

seemed too challenging or laborious, but I felt motivated by the training to get involved […] I was 

always pleasantly surprised as we generated a clear overview of the challenges we faced”. 

 
This is reminiscent of Eden, Jones and Sims’ (1983, pp.43-44) point that cognitive mapping 

‘articulates thinking’, allowing it to be ‘seen reflexively’ and thereby ‘releasing anxiety and opening 

up creative opportunities’. 

 
Reviewing the feasibility of this study, there is an appetite for such training. Participation in research 

is commonplace in the NHS, although it is rare for research to provide knowledge and skills directly 

to managers. Thus, the language of research is familiar, recruitment and participation accepted and 

integral to the working practice of NHS employees, so the acceptance of this trial by twenty people, 

within a three week recruitment window, is a positive reflection of the appeal of such a study, in the 

NHS. 

 
The information emerging from Pansensic is of especial interest in that it taps into the hidden reserves 

of participants’ preconscious minds, revealing the intended meaning of descriptions, thus cutting 

through conscious manipulation of responses, which may otherwise provide socially acceptable or 

experimenter-friendly responses. Further research into the use of such tools may prove invaluable both 

in the review of changes occurring within training participants or in clinical practice. Measures used 

by Birdi et al. (2012, 2016) have proven useful in organisations where hundreds of people had received 

TRIZ training, however, in a study of this nature, it is, on reflection, inadvisable to use such 

quantitative measures, unless a significant sample can be generated. 

 
Finally, attempts have been made to reduce bias within this study by actions such as self discipline by 

the author, to reduce experimenter effect, not overselling or exaggerating expected benefits or over- 
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praising participants in their learning attempts. However, in the analysis and discussion phase, the 

continued practice of self discipline has been applied to avoid ‘jumping to conclusions’ or ‘by knowing 

little, it would have been easier to fit everything into a coherent pattern’ (Kahneman, 2011, p.86-87). 

Thus, the null hypothesis cannot be rejected or accepted. 
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Abstract 
 

The academic literature provides many models of the innovation process, often based on the 

‘innovation funnel’. Experience from earlier research has shown that these models struggle to 

explicitly define innovation as a process at the strategic level, or provide ways to measure innovation 

effectiveness. (Frobisher, 2010). To address this gap, a strategic model of innovation was developed 

based on the IDEF0 methodology. Modelling innovation as a hierarchical, standardised process, 

conforming to the strict discipline of IDEF0 resulted in an improved understanding of the innovation 

process and enabled more robust measurement of the company wide impact of innovation support 

activities, in this research case measuring the benefits of adopting TRIZ tools. 

 
Since the original work, this strategic model of innovation has been applied to diverse fields including 

FMCG, Automotive, Chemicals, City Planning and Sustainability. Learning from these experiences 

has informed refinements to the model such that it now provides a coherent, top-level understanding 

of innovation as a strategic process. 

 
The key takeaway is that innovation is more than the introduction of new products and services, it is 

more closely aligned to business strategy. It enables an understanding of the importance of 

intangibles especially in the outputs of the innovation process. It also addresses the contradictions 

inherent in embedding sustainability within business and in society more widely. This paper describes 

the model and its practical application in framing Systematic Innovation programmes including TRIZ 

and TrenDNA. An example is provided, asking the strategic question - is the world really transitioning 

to electric vehicles, and if so, when? 

 
Keywords: Business Strategy, Electric Vehicles, IDEF0, Innovation Model, Sustainability, TRIZ 

 

1. Introduction 
 

Avon Vibration Management Systems (Now DTR VMS) is a world leader in automotive elastomeric 

chassis and engine mounting systems, with several world firsts. The general challenge is to manage 

loads, articulation / travel and vibration isolation under the extreme working environment of the life 

of a vehicle and different use cases. 
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Around 2004 a research collaboration between Avon VMS and the University of Bath with the aim of 

introducing TRIZ as a methodology to support innovation. In common with automotive industry 

practice, the company had adopted Six Sigma as an improvement philosophy and improvement 

projects conducted within the DMAICT framework (Define, Measure, Analyse, Improve, Control, 

Transfer). This was used to structure, manage and report the project. This prompted the question – 

how to define and measure innovation? 

 
Definitions of innovation found in literature were centered around various wordings and 

interpretations of the commercial application of new inventions. Whilst this was obvious, the 

DMAICT approach for process improvement requires more than a top-level description of the process 

– the what. It requires a comprehensive understanding of the process itself – the how. This necessitated 

a review of detailed innovation process definitions and models. These were found to be overly focused 

upon ideation, creativity and invention and unsatisfactory for the purpose of the project. A suitable 

innovation process model was therefore unavailable and one needed to be created. 

 
This paper describes the model of innovation, based on the IDEF0 modelling approach, that was 

applied during the project with Avon VMS. The benefits of using this comprehensive model of 

innovation to guide innovation activities is discussed and the potential benefits for TRIZ and 

Systematic Innovation practitioners are identified. The application of the model is demonstrated 

through a case study of innovation in the electric vehicle market. 

 
2. Typical models of innovation 

 
The existing innovation literature was reviewed in order to identify relevant models of the innovation 

process. Models were identified from two different domains: the design domain, and the management 

domain. 

 
Starting with the design domain, a commonly cited model of the innovation process was developed by 

the UK Design Council (2007), which is known as the ‘double diamond’ model – shown in Figure 1. 

The model splits the innovation process into four phases that alternate between divergent/exploration 

activities and convergent activities. Significant emphasis is placed on developing a better 

understanding of the problem through the ‘discover’ and ‘define’ phases, such that a precise problem 

definition and design brief can be formulated. The ‘develop’ phase then explores the potential solutions 

to the defined problem, before a final solution is selected and introduced in the ‘deliver’ phase. 
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Figure 1 Double diamond model of the innovation process (Design Council, 2007). 
 

Another widely cited innovation model is ‘design thinking’. Popularized by the Stanford d.school, this 

model, shown in Figure 2, shares similarities with the double diamond model in terms of the overall 

process, but places more emphasis on understanding the user of the product or service in the 

‘empathize’ phase, as well as on prototyping and iterative improvement of the design during the 

development of the final solution. The influence of the design thinking process model and key 

principles can now be seen outside of the design domain, in areas such as information technology and 

business management (Dorst, 2011). 

 
These models, which represent innovation as a sequential process, have proven popular with 

innovation practitioners, which may be because they represent the innovation process as it is 

experienced at the operational level i.e. as a series of activities that each help to progress towards the 

completion of a defined, discreet ‘project’. However, the limitation of these innovation models is that 

they do not provide a complete overview of the factors that influence innovation activity as a strategic 

business process. 
 

 
Figure 2. ‘Design thinking’ model of the innovation process (Institute of Design, 2010). 
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Looking next at the models of innovation from the management domain, the model presented by Tidd 

et al. (2005), shown in Figure 3, is typical of the management perspective of innovation. Whilst the 

core process of ‘search, select, implement’ is very similar to the sequential models from the design 

domain, there are key additions. For instance, the strategic context of the organization is now explicitly 

represented as an influencing factor. Also, the importance of learning and improvement over time is 

shown, with the idea that the organization is progressing towards becoming an ‘innovative 

organization’. Hence, from the management perspective, there is less emphasis on the individual 

project, and more emphasis on the activities and performance of the whole organization. 
 

 
Figure 3. Typical model of the innovation process from management domain (Tidd et al, 2005). 

 
This more holistic view of the organisation was a key aspect of the work by Stafford Bear in 1960s, 

who developed the ‘Viable System Model’ (VSM) as part of his cybernetic theory of organization 

(Bear, 1972). VSM was intended to help describe all aspects of an organisations activities, including 

innovation. The model, shown in Figure 4, proposes five essential ‘organs’ that make up any 

autonomous, self-sustaining organisation: the operational organ (S1), the coordinator organ (S2), the 

controller organ (S3), the planner organ (S4), and the policy organ (S5). 
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Figure 4. Viable System Model of the organisation (Bear, 1972). 

 
Key aspects of this model include the emphasis on the interaction between the organization and the 

external environment, the need to predict and respond to future changes, and the need for 

communication between all functions of the organization to ensure the successful functioning of the 

system. Whilst VSM provides a comprehensive and holistic model of the organization, it is perhaps 

more theoretical and less intuitive and less practical as a support to inform and guide innovation 

activities. 

 
What this brief review has shown is that the models of innovation from the design domain offer a 

practical, project-based perspective of the innovation process but typically do not consider the wider 

context of the project in terms of the wider organization or the external environment and do not 

consider the changes that occur within the organization and the external environment. These elements 

are considered to some extent in the innovation models from the management domain, but none of the 

existing models incorporate all of these elements and present them in a way that offers practical 

guidance or insight that can help innovation practitioners. The aim of this paper is to address this 

knowledge gap by applying the IDEF0 modeling approach to develop a comprehensive and practical 

model of innovation. 

 
3. Introduction to the IDEF0 method 

 
IDEF0 is a functional modelling approach developed by US Air Force Materials Laboratory in the 

1970’s. Any process can be modelled using the IDEF0 convention, ‘ICOM’ – Inputs, Controls, Outputs, 

Mechanisms. 
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According to the method, verbs are contained in boxes and are fed by arrows which are nouns – things, 

including data and information as well as physical objects and substances, as shown in Figure 5. 
 

 
Figure 5. IDEF0 ICOM process box. 

 
Inputs are transformed or consumed by the process - e.g. raw material or energy 

Controls specify the conditions for the function to produce the correct output 

Outputs are the data or objects resulting from the function. 

Mechanisms are the means and resources which support the process. 

 
Each process can then be decomposed into sub processes at increasing levels of detail in a hierarchical 

structure as described in Figure 6 
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Figure 6. IDEF0 decomposition model structure (KBSI, 2005). 

 
The A-0 level enables the modeler to communicate the context of the system, and the A0 diagram 

shows the top level of the process. The decomposition of the boxes also applies to the arrows, which 

sub divide at lower levels – so “data” may turn into invoices, schedules, designs and so forth at lower 

levels. The arrows into and out of a lower level box must remain consistent with the arrows at the 

higher level. 

 
It is also important to note, that in common with the Viable System Model shown in Figure 4, processes 

are not considered to be sequential. It is more akin to looking a circulatory or nervous system. It 

contrasts with the sequential mindset of design paradigm of innovation. 

 
The IDEF0 modelling approach promotes deep questions about the nature of processes, expanding the 

mindset outside of departmental structures, with a TRIZ-like focus on function. In the next section, 

we apply the IDEF0 modelling approach to the innovation process. 
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4. An IDEF0 model of innovation 
 

The IDEF0 method requires that each box contains a verb that describes a process. ‘Innovate’ is 

a verb and is therefore a valid process for IDEF0 definition and modelling. 

 
At the highest hierarchical level, Figure 7 is the A-0 context diagram for the ‘innovate’ process, 

showing the key inputs, outputs, controls and mechanisms. 
 

 

Figure 7. Innovation A-0 context diagram. 

 
There are three categories of inputs: available knowledge and Intellectual Property (IP), natural 

resources and energy, and investment. Through the innovation process, these inputs are transformed 

into the outputs of: new knowledge and IP, impact (tangible and intangible) and added value. Of these 

outputs, it is the impact aspect that merits further discussion. 

 
The typical models of innovation tend to focus on the tangible outputs of a single innovation project 

in terms of the new products/services delivered and the monetary added value for the business. In this 

IDEF0 model, the term ‘impact’ is used to encompass both these tangible impacts as well as the 

intangible impacts. Furthermore, it is important to consider all impacts of an innovation process, both 

positive and negative. This broad definition of impact leads to categorization and examples of ‘impacts’ 

shown in Table 1. 
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Table 1 . Innovation output – impact. 
 

Negative Intangible 

 Societal Harm – e.g. unintended 

consequences 

 Shame / embarrassment 

 Fear / Shock 

 Hate 

 Anger / rage 

 Frustration 

 Bad reputation 

 Injustice 

Positive Intangible 

 Societal benefit 

 Pride / surprise / delight / WOW 

 Happiness / contentment 

 Love / acceptance / belonging 

 Nostalgia 

 Feeling ‘in on things’ 

 Sense of progress 

 Good reputation 

 Meaning 

Negative Tangible 

 Carbon footprint 

 Environmental pollution, contamination 

 Waste / faulty goods or services 

 Harm/ risk to people (customers / 

employees) 

 Unsustainable consumption 

 Financial – expense 

 Economic disruption 

Positive Tangible 

 Increased sustainability 

 Satisfied customer needs (jobs done) 

 Products performing safely and to 

specification 

 Improved health / safety / wellbeing 

 Increased wealth and financial security 

 Economic stability 

 Employment 

 
The outputs in Table 1 are by no mean comprehensive. TRIZ practitioners will notice a similarity 

with the ideality equation. Good innovation output means more good things and less cost and harm, 

achieved by breaking contradictions – for instance reduced environmental impact whilst 

simultaneously satisfying consumer needs. 

In terms of the means/mechanisms of innovation, these include ‘people’, ‘infrastructure’ and 

‘tools/methods’. People are the primary means of innovation and, as we shall see in the next section, 

‘people’ includes those in the supply chain, at all levels and functions of business, and 

customers/consumers. This is in contrast with the prevailing assumption that innovation is conducted 

by designers, scientists, engineers and marketers. 

People require an infrastructure to work within – buildings, machines, software, communications, 

transport and includes the supply chain. 

People also require tools and methods to efficiently organise. This includes management systems and 

methodologies, innovation tools such as TRIZ, production development tools such as Six Sigma and 

Lean and physical test methods such as validation test protocols. 
 

Finally, in terms of controls, there are three sources of requirements and constraints that together shape 

the outputs of an innovation activity. These are ‘customer’, ‘technology’ and ‘business’. The 
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importance of understanding customer needs – whether explicitly expressed or implicit/unconscious 

is exemplified by the design and business innovation paradigms and marketing disciplines. Even new 

to the world products will make use of existing technologies (such as production technologies) and 

will need to interface with existing technologies and infrastructure and must therefore take account of 

the limitations and constraints that those existing technologies impose. The business performing the 

innovation activity also generates a number of constraints, such as the need to comply with regulatory 

requirements or meet contractual obligations. 

 
So far, at the A-0 context level, the range of issues addressed by the IDEF0 model of innovation show 

considerable overlap with those covered by the typical models of innovation described in Section 2. 

The main novelty is that the impacts of innovation should consider the tangible and intangible, positive 

and negative impacts and not just the product delivered and the financial added value. However, it is 

when we dig down into the next level of decomposition that we start to unearth some interesting 

insights. 

 
Figure 8. shows the A0 IDEF0 diagram for the ‘innovate’ process, which reveals the sub-processes 

and the next level of connecting arrows (not all arrows shown). The main sub-processes are ‘operating 

the business’, ‘planning the business’, ‘developing new things’, ‘launching new things’, and ‘use of 

the product or service’. 
 

 

Figure 8 IDEF0 Innovation process diagram A0. 
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The design paradigm models of innovation tend to focus on processes Plan, Develop and Launch. In 

contrast, the IDEF0 model brings in processes Operate and Use into the innovation process context. 

 
Operation provides the finance to support everything else. Even in a start-up it is an operational process 

to receive investment. In established companies the organisation must decide what proportion of the 

financial output of the operations function should be taken as profit (added value) versus developing, 

improving and implementing new processes within the operations function, as well as new products 

and services. 

 
Other than investment or external funding, Operation depends on receiving money from customers, 

and therefore Use comes within the innovation process. Again, this is a point of difference with the 

typical view within both design and business paradigms that customers are external to the innovation 

process. 

 
In practical use of this model, it has been found that the sub-process boxes hold at any organisational 

scale. It holds at the level of a department, business unit/profit centre, industrial sector or even at the 

national governmental level. It can therefore be considered generic. The hierarchical level context 

becomes more specific when considering the arrows. 

 
When using IDEF0 to represent an innovation activity, modelers have to use judgement so as to present 

the IDEF0 diagram in a suitable manner for the context and purpose of the work. Whilst all flows of 

knowledge, resources and investment can in theory be represented, it is better to focus on the most 

important flows. Even with some pruning, Figure 8 serves to demonstrate the many interlinkages 

between the sub processes and why innovation is such as complex process to manage - encompassing 

so much of what an organisation does. Which in turn explains why so many innovation attempts fail. 

We cannot go into the detail of each arrow, but discuss some key insights from Figure 8 here. 

 
Who does innovation? The traditional view would be those contributing to the Plan, Develop, Launch 

processes. But this is the wrong question. The model shows that it is not individuals but the 

organisation that does innovation. The right question is “Who contributes to the innovation process?” 

And that is everyone – including the operations function and customers. The People arrow subdivides 

into the operations team, the planning team (often senior managers), the development team (specialists, 

technical and marketeers), and the launch team (mixture of project managers, technical and 

production/operations people). Finally, there are the customers and end users on which the whole 

system depends. 

 
From a traditional innovation managers perspective, the takeaway is that many of the people that affect 

innovation are outside of your direct control, and some you don’t even know about - particularly in 

the supply chain and end customers. Hence, the spectrum of disciplines, perspectives, priorities and 

personality types that is required to successfully manage and deliver innovation is extremely diverse 

and often contradictory. 
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Another interesting insights is that the impact is influenced by the nature of the operations and the end 

use of product and service. The tangible dimension includes, for instance, the environmental impact 

of the production facilities, including the supply chain right back to the mine or farm. Sourcing and 

purchasing strategy can be influenced by organisations to minimise negative impacts, but also the 

innovation process itself can seek to balance or break the contradictory requirements of innovation 

controls – consumer needs, technology, and the businesses financial realities, regulatory/legal and 

competitive landscape. It is also important to note that the way customers use and dispose of a product 

is part of the responsibility of the innovation process which represents an innovation challenge in itself. 

 
From this brief introduction, it is clear that applying the IDEF0 methodology to model the innovation 

process provides a model that is both comprehensive and also able to provide fresh insights and 

perspectives of innovation. The IDEF0 model can also be used to forecast future developments at a 

sector level. A case study has been developed of the IDEF0 applied to the automotive sector, 

considering the transition to electric vehicles. The A-0 context diagram is provided in Figure 9 whilst 

the full case study is available at: 

https://strategic-innovation.co.uk/electricvehicles. 
 
 
 
 
 
 
 
 

EV Patents have 

 
journey d is tance vs charging time 

vehicle range vs price 

 

 

Battery IP  activity high 

Battery capacity vs weight 
Battery capacity vs s ize 

Charging s peed vs Temp 
Battery performance vs s a fe ty 
Battery performance vs cos t 

 
Many  countries 

banning  ICE by 2040 

 
Legis la tion is pos itive 

peaked  Uncertain  Indicator Uncertain    Indicator   Uncertain    Indicator  
La rge  OEM’s  mo ving  to wa rd s  EV’s 

 

 
 

 Pos itive  Indicator  

Cus tomer Technology Bus ines s GM, VW, Ford , Toyota . But rem a in ing  “o n 
the fence” 

Many s ta rtups and new entrants - Fis ker, 
Dys on, Byton   , Ryvian   + many  Chines e , 

e .g. NIO 

Available   Knowledge  

/ IP 

  New Knowledge / IP 

 Pos itive  Indicator  

 Concerns for Materials   

   Natural Res ourc e  
/ Energy  

 Pos itive For Energy  

 

Innovate 

 

  Impact Tangible 

Intangible 

 

Early adoption  is 

pos itive - e .g. Norway 

 

 Inves tment  

 Pos itive  Indicator  

  Added  

OEM inves tment a t $90 Billion £$€ 0 Value £$€ 
 Uncertain    Indicator  

 Pos itive  Indicator  
Significant inves tment in charging 
infra s tructure 

 

Significant inves tment in battery 

re s earch  

 

 

 

 

People Infra s tructure 

 

 

 

 

Tools / 
Methods 

Conflicting  views  about the 

p rofita b ility of EV’s  vs  ICE 

 
Multiple high 

quality   battery 
re s earch teams 

 Pos itive Indicator 

Heroes 

Mus k, 
Dys on, 

Prof Goodenough  

 Uncertain    Indicator  

 
Concerns a t Grid 

s upply le vel 
with   battery 

production    capacity 

 Pos itive  Indicator  
 

Product development tools and 
methods a re fit for purpos e 

 

Validation / te s t methods for 
new technologies s uch as 

batteries   a re   well  unders toon 

 
 

Figure 9. Summary of the A-0 diagram applied to the context of EV adoption in the 

automotive industry 

In brief, the finding is that the most important contradictions to be solved for EV adoption are 

primarily within the battery domain. It appears that sufficient investment is going into solving the 
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right problems such that if resolved by the talented teams working in the area, should flip the 

majority of the industry to full electric EV’s, perhaps more quickly than some will be expecting. 
 

5. Discussion 
 

The majority of models for innovation and creativity, such as the double diamond or design thinking 

models, use a sequential approach to creation and management of ideas or concepts. These models are 

not wrong, and are powerful tools for their purpose, especially in understanding the voice of the 

customer. However, as evidenced in the original research, these do not sufficiently provide insight in 

the broader strategic setting because they are sequential not hierarchical. 

 
Strategic models that are none sequential, such as VSM, tend to focus on the top level and are suitable 

for understanding the voice of the business for strategic planning, but are not suited as tools for 

management of innovation processes. 

 
There appears to be a need for a model that can be both hierarchical and sequential. At the A-0 context 

level, the IDEF0 model is non-sequential and hierarchical. At the A0 level, the IDEF0 model can be 

both sequential and non-sequential. The IDEF0 model therefore offers a potential solution to this 

contradiction. 

 
TRIZ/Contradictions 

 
TRIZ theory emphasizes the importance of resolving contradictions to solve the right problems. There 

are TRIZ based approaches for each of the IDEF0 A-0 controls – TrenDNA (Mann, 2009) for consumer, 

Classical TRIZ for technology and Business TRIZ for business. The competing and conflicting 

requirements that emerge from these three difference perspectives can be viewed as a source of 

contradictions by the TRIZ practitioner. 

 
Measuring Innovation 

 
The IDEF0 model could potentially be used to refine approaches to measuring innovation. One 

approach would be to measure the ratio of inputs to outputs – the size of the jump. How effectively 

does the organisation gather and manage available knowledge/IP and transform this into new 

knowledge/IP? How well does the organisation turn investment into added value? How effectively 

does the system, including the supply chain and end users, turn natural resources and energy into 

tangible benefit? Existing approaches appear reasonably well established to measure these tangible 

outputs/ratios. 

 
The primary gap appears to be measuring and understanding intangible output. It is a common 

criticism of the capitalist system, that businesses put profit above everything. The reader may agree or 

disagree with this premise depending upon where on the political spectrum they sit. However, what 

should be agreed is that the reason this may be true is that money is easier to measure than emotion. 
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Steve Jobs is famously quoted as saying, “I want to put a ding in the universe”. It certainly wasn’t just 

about money. In common with many entrepreneurs, such as Elon Musk, he wanted to make a difference 

and leave a lasting legacy – a positive innovation footprint. 

 
Intangible impacts are currently the domain of marketeers - branding and market research. However, 

the wider reputation of the organisation, within society, politics, media and industry is not fully 

addressed as yet. The unintended societal consequences of advances in technology do not seem to be 

responsibly considered or even understood, never mind addressed. This is evidenced by the debate 

concerning social media and it’s effect at the individual level (in terms of mental health) and at the 

societal level (in terms of political influence). 

 
Fortunately, the science of measuring intangibles is developing. Software based approaches such as 

Pansensic (https://www.pansensic.com/) are making substantial progress in this area – being able to 

map emotional content such as frustration, fear, delight and love. 

 
Perhaps a promising approach is to take the legacy angle and ask: “if we were to delete our company, 

would we be missed?” 

 
Sustainability 

 
There is an increasing urgency to address global environmental challenges. The IDEF0 model 

emphasizes to individual companies that their innovation impact (footprint) includes their direct 

environmental impact and that they have a responsibility to manage the impacts of their supply chain 

and the behaviour of customers. 

 
The hierarchical level of the IDEF0 model also allows analysis at the industrial sector level, giving 

policy makers an insight into the nudges and frameworks required to successfully align the value add 

output arrow with sustainability objectives. 

 
Managing Innovation 

 
Insights related to tackling relevant contradictions and managing knowledge have already been 

covered in this paper. From experience, most companies are not short of great ideas, the issues are the 

selection and combination of the right ones and implementing them effectively. 

 
Project managers will testify that introducing new products and processes creates a tension, or even 

outright warfare between the operations teams of process 1 (Operate) and those of process 4 (Launch). 

Perhaps this is at least partly because operations, in many systems is considered external to the 

innovation team, and is set up, financed, measured and controlled in this way. Organisations need to 

find better ways to unite the entire enterprise within the innovation framework. Everyone in an 

organisation contributes to innovation in some way, whether they realise it or not. 
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At the sector level, introduction of new things, tends to require the destruction of something to make 

room – creative destruction. The challenge therefore is to introduce “managed destruction” – ideally 

by designing markets and sectors that are set up to renew themselves with minimum overall harm. 

Companies need to plan for step change disruption, as opposed to steady state or incrementalist 

thinking This includes considering financial models, workforce skills/flexibility and how they co- 

operate and compete with other players. 

 
One could consider then, that what we have learned is that the innovation process is synonymous with 

strategy. 

 
6. Conclusions 

 
This paper started out by identifying that, amongst the range of existing models of innovation 

identified within the design and management communities, most provide either a sequential view of 

the innovation process, which are good at showing the main activities of innovation but do not show 

the strategic or contextual influences, or a hierarchical view, which do integrate the strategic context 

but are too abstract to be of real benefit to practitioners. It was proposed that a model of innovation 

based upon the IDEF0 modelling approach could address this gap. 

 
Through the presentation of the generic IDEF0 model of innovation and its application to a case study, 

it has been shown that the IDEF0 innovation model offers the potential to harmonise the sequential, 

project based innovation models of the design paradigm with the hierarchical models from the 

management domain. Key insights from the application of the model include the idea that innovation 

has a wider scope than is traditionally assumed – and includes operations, supply chain and end users 

and that all ‘people’ within the system, including employees, suppliers, customers, regulators etc. 

contribute to the innovation process. More generally, the model raises the idea that the innovation 

process is synonymous with strategy. 

 
Within the innovation consulting activities of the author, the actual application of this model so far 

has been to create an appreciation of the connected nature of innovation programmes at clients and 

how everything fits together. It has also proved useful in developing an holistic view of an industry to 

estimate the propensity for a “jump” – as in the electric vehicle case study. 

 
Future research activities that might benefit from adopting the IDEF0 model of innovation might 

include studies concerned with the measurement of innovation impacts due to the broad definition of 

innovation ‘impacts’ provided by this model and the ability to apply the model at different systems 

levels (e.g. business units, whole companies or whole industries). The model could also be helpful as 

the basis for a study of success and failure factors for innovation as the ability of the model to represent 

the innovation activities of a company in a comprehensive manner should ensure that all key aspects 

(both internal and external to the company) are considered. 
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Abstract 
 

The author has been teaching TRIZ at the University of Bath over the past six years, with students 

from a variety of backgrounds and disciplines, representing over 30 nationalities. Students have been 

asked to write reflective journals covering their experiences during two weeks of lectures, tutorials 

and group work. These personal reflections have provided valuable feedback to identify topics and 

tools that students find difficult to understand and has led to changes in the teaching content delivery 

to address these. Lessons learned from this experience are thought to be worth sharing with the wider 

systematic innovation community. 

 
Although the ideality equation is essentially a simple concept, students have often felt confused by the 

terminology, resulting in poor understanding. Since the second year of teaching the course, teaching 

content has been adjusted in an attempt to clarify the areas of misunderstanding, with careful definition 

of terms as well as improved case studies and class exercises. However, evidence from exam and 

assignment performance suggests that the confusion persists. Students referencing Internet sources for 

definitions of key terms appears to be the culprit (referencing outside the course notes is encouraged). 

The paper explains the misunderstandings and proposes a solution for the TRIZ community to consider. 

 
The 9 Windows tool is also a key pillar of TRIZ, which many find trivial to learn and simple to use. 

Nevertheless, a significant number of students have difficulty in understanding and applying the tool 

- given the exact same teaching material and methods. A proposed solution is to suggest two modes of 

applying the 9 Windows. One being a process mapping mode, and the other a historical mode. 

 
The findings and recommendations help to improve the understanding, teaching and use of two 

fundamentally important TRIZ tools. 

 
Keywords: 9 Windows, Ideality, Teaching, Terminology 

 

1. Introduction 
 

The author, an engineer with a background in the automotive industry, and currently a Systematic 

Innovation consultant, was invited to teach a module on Systematic Innovation/TRIZ for the 
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Innovation and Technology Management Masters course at the University of Bath’s School of 

Business in collaboration with the Mechanical Engineering Department. The course attracts students 

from around the world with diverse subject backgrounds - Law, Mathematics, Business, Marketing, 

Electrical/Mechanical/Automotive Engineering and IT. 

 
The module was conducted over two weeks. Week 1 was classroom teaching and Week 2, group 

project work addressing a specific challenge related as closely as possible to a real-world context that 

could potentially be taken forward by students after their studies. 

 
The TRIZ and SI tools were taught as independently useful, but also interconnected, feeding off each 

other and to never be considered complete but within a general flow of problem definition, moving 

into problem solution. ARIZ is not taught at this beginner/intermediate level. The students had been 

taught traditional creativity methods prior to the module. TRIZ/SI was presented as a selected set of 

tools that assist in creativity and innovation. In this paper we focus on the teaching of the ideality 

equation and the 9 Windows (system operator) tools. The students were encouraged to discover for 

themselves if TRIZ provided a useful approach in comparison with other innovation/problem solving 

methods. 

 
Teaching presents opportunities to obtain feedback as to how students are understanding what is taught 

and to continuously seek to teach more effectively. 

 
During the module, students were also assessed on a daily reflective journal about their university 

experience. This was not to be a critique of teaching, and was focused around reflecting on a specific 

event during the day, how they reacted to it and what actions they would take in future. This was 

primarily intended to help students thinking about the issues of team working during the group project. 

However, there was no specific prompt about what topics could form the subject of the reflective 

context. One useful aspect however for teaching is that students frequently reflected on something 

they had not understood during lectures, and why. This was excellent feedback to the teaching 

process. 

 
Data was not gathered in sufficient detail to analyse individual student performance and alternative 

approaches were not tested on comparative groups within a cohort. The findings in the paper are 

therefore a personal reflection. 

 
2. Ideality 

 
Ideality is the TRIZ concept equivalent to a single parameter of value from the point of view of a 

stakeholder. 

 
Definitions in the literature are: 

 
1. Ideality = Sum Useful Effect / Sum Harmful Effects 



The 2019 International Conference on Systematic Innovation 

July 08-11, 2019, Liverpool, The UK 

506 

 

 

 

2. Ideality = Sum(Useful Functions)/ Sum(Harmful Functions) 

3. Ideality = Sum (Benefits)/ (Sum(Expenses)+ Sum (Harms)) 

4. Ideality = (Perceived) Benefits/ (Cost+Harm) 

 
It can be argued that all of the definitions amount to the same thing and the initial course teaching 

materials used the third from the above list: 

 
Ideality = sum of Benefits / (sum Costs) + (sum Harms) 

 
The concept was presented to students as part of the problem definition phase of the TRIZ process. It 

helps to define what you really want to deliver, and those things that you are looking to avoid 

completely or reduce. Anything you want more of should go on the numerator, and anything you want 

to avoid or minimize should go on the denominator. Deep and careful thinking about ideality helps 

to overcome psychological inertia and provides potentially valuable insight by avoiding entering 

solution mode too early. 

 
The key messages about ideality is that it: 

 
- Gets you thinking about Functions - which will help with Function / Attribute Modeling. 

- Is part of the “opening up” of insight to frame the problem. 

- Is the start point for developing contradictions. 

- Is the start point for describing the Ideal Final Result. 

- Links with the design thinking/empathy techniques e.g. ‘delights’ and ‘jobs to be done’ 

become the numerator of the ideality equation whilst the denominator shows the ‘pains and 

frustrations’. 

 
If we take the example of a drone for delivering small packages, a simple ideality equation expected 

of a student would be: 

 
Benefits (Functions) – lift, control, pilot feedback, payload capacity, flight duration, ground 

speed, acceleration 

 
Cost – purchase, maintenance cost, electricity used, delivery time 

 
Harm – weight, noise, battery disposal, collisions 

 
During class examples and tutorial sessions, the students showed a grasp of this concept. However, 

answers in course work and exams in the first year of teaching, some students would provide answers 

such as: 

 
Benefits (functions) – low weight, low noise, better maneuverability, faster delivery 

 
Cost - lower cost than competitors 
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Harm – reduction in accidents 

 
This is incorrect according to the TRIZ method and misses the opportunity to clearly define functions 

and contradictions. For instance, to place noise into the ideality equation, it simply needs to go into 

the denominator to show that it needs to be minimized as part of a future contradiction statement. 

 
In discussing this with students, it seems that there are two sources of this misunderstanding: 

 
1. The word “benefits” indicates a comparative meaning 

2. Students are already thinking a solutions, and the word “benefit” triggers a comparative 

analysis of their idea in comparison with existing systems. 

 
In the second year onwards, these issues were addressed even more clearly and in year three the lecture 

notes were amended to define Ideality as shown in figure 1: 

 

 

Figure 1 - Revised definition of ideality in the course notes. 

 
This emphasis resulted in an improvement in student understanding in classroom and tutorials. 

However, it was noted that when students were doing their own research for course work, references 

to definitions of ideality including benefits in the numerator led to a re-emergence of the 

misunderstanding. It also did not fully eradicate the issue from exam answers. 

 
3. 9 Windows (System Operator) 

 
The purpose of the 9 Windows tool is to understand the context of the problem in time and scale – thus 

avoiding the mental trap of focusing on the problem or system level at the point of use. 

 
Being at an introductory level, only the simple version of the tool was taught. Whereas TRIZ tools 

such as ideality and functional modeling tend to focus on verbs, the 9 Windows tends to focus on 

things – nouns. 

 
Teaching Method 

 
The way in which the 9 Windows was initially taught draws on how the method has been used by the 

author in multiple industrial projects. Typically, this involves using the 9 Windows tool to map out the 

use of the product or service e.g. preparation/manufacture, use of product and post use/disposal. 
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The students were advised to first define the system in terms of scale. To assist with this, the students 

were told to think about how they would typically observe the ‘system’ with their eyes, then imagine 

standing right back from the system and using a wide-angle lens to picture the ‘super system’. Finally, 

they should zoom in using a microscope to picture the ‘sub system’. 

 
The second phase was to consider time: before use, during use and post use. It was explained that in 

practice, it may be appropriate to consider multiple time “slices” such as during manufacture, during 

retail, during first use, during storage and then disposal/remanufacture and expand the number of 

windows. 

 
Key messages were to stay in an observational mode, “say what you see”. 9 Windows is an insight 

generator, rather than a problem solving/ideation tool. Don’t get too caught up in definitions – as 

long as you are zooming in and out of the problem in time and space – you are helping to expand your 

thinking and spot resources and insights in the wider system that you would otherwise not have spotted 

and can be used in the solution generation phase of the work. 

 
A simple example using a toothbrush is shown in table 1. It would be the level of detail expected 

within an exam. 

 
Table 1 - 9 Windows for a typical toothbrush example 

 
 Before Cleaning During Cleaning After Cleaning 

Super System Empty Bathroom / or 

someone else using it before 

you 

Other people, Bathroom 

furniture, electricity, phone, 

WiFi, IT systems, plumbing 

system, mirror, lighting 

Other people interactions 

(kissing), empty bathroom, 

bathroom furniture 

System Toothbrush dry, Toothpaste 

tube level 

Hand holding brush, applying 

toothpaste, tap turning on and 

off. Mechanical action of 

brushing 

Toothbrush wet, toothpaste 

level lower 

Eating / drinking 

Chewing gum 

Sub System Packaging, rough feeling, bad 

breath, plaque / bacteria 

Teeth, tongue, bristles, handle, 

saliva, bacteria, flavour, foaming 

agent, abrasive, water, aroma, 

interfaces 

Clean feeling mouth, 

aftertaste, evaporation 

(drying) off bristles, bacteria 

increasing (bad breath?) 

 
From reflective journals, 9 Windows was mentioned as a source of frustration/confusion and students 

wanted clarification. Prior studies have also found that a significant proportion of participants in TRIZ 

workshops find the 9 Windows difficult to grasp, Frobisher (2010) 

 
In exams and course work the following Table 2 would be typical of the output for the toothbrush 

problem for students struggling to grasp the 9 Windows tool. 
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Table 2 - 9 Windows showing misunderstanding 

 
 Before During Cleaning After 

Super System Getting ready to clean Cleaning with traditional tooth brush More harmonious society 

Use 3D printing 

System 

 
(Tooth brush) 

Toothbrush in packaging 

Buying tooth brush 

Tooth brush Electric toothbrush 

 
Tooth brushing app 

Sub System In the past people used to use 

sticks 

Bristles 

 
Tooth paste 

New plastic materials 

 
Use graphene 

 
It is debatable as to whether a 9 Windows can be wrong if a student is thinking in time and space. But 

in the case of Table 2, the student is using the “after” column to look into the future in general terms 

rather than simply concentrating on the use of the product. The student is not using the tool as taught 

and would lose marks in an exam for that reason. 

 
It was noticed that students tended to map the “after” panes as – “what will the world be like in the 

future”. Rather than a time sequence of process. This example does show one of the benefits of TRIZ 

definition tools in that merely investigating a problem can stimulate ideas – even when not using the 

solution tools. However, it represents jumping into solutions too early and risks premature adoption 

of “pet ideas”, such as “ use 3D printing” in this example. 

 
Action taken to address the misunderstanding 

 
In teaching further cohorts, emphasis was made of the multi frame view, allowing time and scale to 

expand outside of 9 Windows, to 27 windows, or whatever number of windows is appropriate to 

consider the problem at hand (Mann, 2001a). The concept of context was also introduced, such as 

considering behaviours, beliefs/values and resources (Mann, 2001b). 

 
The students are now taught that there are two primary modes of the 9 Windows – Process Mapping 

Mode, for observing the sequential steps within problem context, and Historical Mode, mapping the 

state of technologies over time at the various scales relating to the problem. To further sharpen this 

definition, exam questions would be constructed more specifically – “draw a 9 Windows model of the 

use of a toothbrush using the process mapping mode”. It has was noted that teaching in this way has 

resulted in markedly less confusion in the use of 9 Windows tool in subsequent cohorts. 

 
4. Discussion 

 
For an experienced TRIZ practitioner it is often difficult to appreciate the misunderstandings that can 

arise even with apparently simple TRIZ concepts, especially when teaching students from non- 

technical backgrounds and limited language skills. 
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In the case of the word “benefits” in the ideality equation, a non-native English speaker may look up 

the dictionary definition – which is “an advantage or profit gained from something”. Without the 

association with functionality that is implied in the TRIZ definition, one can understand why some 

may find this misleading. 

 
A common root cause of misunderstanding in the use of problem definition tools such as Ideality and 

9 Windows is the tendency for students to be concerned about solutions. They appear to feel pressure 

to have a great idea in the knowledge that their peers and educators will be impressed by the idea itself. 

This emphasizes the need to reinforce the message that solution ideas arising during problem definition 

activities should be “parked” and disregarded until the solution generating phase is entered. To further 

emphasise this distinction, future cohorts will be taught that the 9 Windows can be used separately to 

place ideas into the 9 Windows framework, giving a third “idea mapping mode”. 

 
5. Conclusions / Recommendations 

 
This experience shows that TRIZ educators and the TRIZ community should: 

 
  Reinforce the need to stay in definition mode when using TRIZ problem definition tools and 

not mix up solutions and ideas at this stage. 

 Avoid use of the word “benefits” in the ideality equation. 

  Agree on a common definition of the top line of the ideality equation as “useful effects” or 

“useful outcomes”. 

  Present the 9 Windows “system operator” tool as having a “process mapping mode” and a 

“historical mode”. 

  Present the 9 Windows “System Operator” tool as a way to structure proposed solutions, 

called “idea mapping mode”. 
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Abstract 
In this paper, the morphological matrix method was used to explore the possible 

combinations of healthy beverage with local agricultural products. The feasibility of 

each type of healthy beverage was evaluated by cross-consistent assessment (CCA). 

Then we eliminated the conflict combination of tastes or attribute in the CCA process. 

After screening, we reserved six combination types of healthy beverage – (1) the 

longan-fungus-black sugar, (2) longan-fungus-honey, (3) longan-lotus root-black sugar, 

(4) water chestnut-fungus-black sugar, (5) longan-lotus root-honey, and (6) water 

chestnut-lotus root-black sugar. Then we put the above six combinations to conduct a 

market feasibility evaluation. Based on the above ranking process, we can provide the 

healthy beverage with higher successful possibility and more flavors choices for the 

consumers caring health. 

 
Keywords: Morphological matrix, Cross-Consistent Assessment, Local Agricultural 

Products, Healthy Beverage. 

 
1. Introduction 

 
In recent years, health awareness has become a very important issue in the food 

and beverage market due to the aging population, the pressure of modern lifestyles and 

food safety issues. At present, there are many kinds of healthy drinks, but it is rare to 

see that local crops are used as raw materials for health drinks. Therefore, it is 

worthwhile to further research and develop healthy beverages for local agricultural 

products. In this paper, the morphological matrix method was used to explore the 

possible combinations of healthy beverage with Tainan’s local agricultural products. 
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2. Literature Review 
 

Morphological analysis method was developed by the Swiss astrophysicist and 

aerospace scientist, Fritz Zwicky (Zwicky, 1948). It is a effective method that the 

targeted subject is broken down into several dimensions, so the subject can be described 

as comprehensively and detailed as possible (Wissema, 1976). Currently, 

morphological analysis has been adopted in many disciplines (Higgins, 1996; Yoon & 

Park, 2005; Kim et al., 2008; Hsiao et al., 2010). After using morphological analysis 

method, it will generate many possible solution spaces. Therefore, it is indispensible to 

remove some solutions which are contradictory or useless. This evaluation means was 

said as cross-consistency assessment (CCA). Sensory analysis (or sensory evaluation) 

is a scientific method applying principles of experimental design and statistical analysis 

to the use of human senses (sight, smell, taste, touch and hearing) for evaluating food 

or beverage products. (https://en.wikipedia.org/wiki/Sensory_analysis) It is a scientific 

discipline adopted to evoke, measure, analyze, and interpret reactions to stimuli 

perceived through the senses (ASTM, 2005). 

 
3. Research Method 

 
Figure 1 shows the research flowchart of this paper. Table 1 shows the designed 

dimensions along with their instances in this paper. Table 2 shows all possible product 

combination with one instance in each dimension. 

 

Figure. 1 Research Flowchart of this paper 
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Table1. All Dimension along with Corresponding Instances 
 
 

 
 

Table 2. All Possible Product Combination 
 

 
4. Research Method 

In the CCA process, we adopted three criteria: flavor compatibility, attribute 

complementarity and taste matching to evaluate each pair combination of two instances 
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in different dimensions. Table 3 shows CCA result for the partial combination of two 

instances in different dimensions. Table 4 shows the top six products after CCA 

process. 
Table 3. CCA for the partial combination of two instances in different 

dimensions 

 
 

Table 4. Top six products after CCA process 
 
 

 
Besides the CCA process, we implement a further feasible evaluation based on 

market feasibility. The evaluation criteria are the cost rationality of the ingredients, the 

market competitiveness of the product compared with current available market 

products, and no seasonal influence to purchase the ingredients. Table 5 shows the 

market feasibility evaluation for the top six products in the CCA process. 
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Table 5. Market Feasibility Evaluation 

5. Conclusions 
In this paper, we first adopted morphological analysis to find highly feasible 

products with different ingredients based on the flavor compatibility, attribute 

complementarity and taste matching . After the CCA process, we reserved six 

combination types of healthy beverage – (1) the longan-fungus-black sugar, (2) longan- 

fungus-honey, (3) longan-lotus root-black sugar, (4) water chestnut-fungus-black sugar, 

(5) longan-lotus root-honey, and (6) water chestnut-lotus root-black sugar. Then we put 

the above six combinations to conduct a market feasibility evaluation. Based on the 

above ranking process, we can provide the healthy beverage with higher successful 

possibility and more flavors choices for the consumers caring health. 
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Abstract 
 

With the development of information technology and systematic innovation theory, the 

innovative design of products and service is no longer confined to individuals or one team. There are 

more and more cross-regional and multi-disciplinary collaborative design integrate the time, human 

and other resources to promote more innovation activities. However, there is still a lack of systematic 

and effective tools to cover the whole process of collaborative design activities. To address this gap, 

we provide a case example to solve this problem of using online collaboration tools (OCT) in 

collaborative design context, and further illustrate some implications through the systematic 

innovation perspective. In the present paper, we discuss how the adoption of online collaboration tools 

has influenced the collaborative design activities based on the IDEEA drone design workshop. Discuss 

the impact of online collaboration tools on the participants ' learning and collaboration effect in the 

distributed systems. Online collaboration tools can be used to access knowledge that originates from 

external as well as internal sources, but it seems that online tools increase the visibility and 

accessibility of internal expertise and therefore the use of internal knowledge. The main contributions 

of this paper include:1) Our research revealed that the online collaboration tools can promote 

innovative design of multi-disciplinary and innovation design. The design tasks of the workshop are 

completed by each team with almost no traditional offline collaboration. 2) The implementation of 

collaborative design is divided into five types according to the design thinking process: empathize, 

define, ideate, prototype and test. Analyzing the attributes of different collaboration tools in the process 

of innovative design. 3) Discuss from the project what kind of technical methods and tools are suitable 

for the specific collaborative design system. Provide guidance for future collaborative design activities. 

 
Keywords: Collaborative Design; Systematic Innovation; Computer-aided problem solving; 

Online Collaborative Tools. 
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1. Introduction 
 

With the rapid development of cloud storage and mobile Internet, the way people work and learn 

is undergoing tremendous changes. It has become an accessible reality to use personal computers, 

smartphones, tablets and other devices to carry out online collaborative work or learning in teams 

anytime and anywhere. Online collaboration tools developed in recent years have challenged 

traditional office tools. The new appliances are widely used and make modern office working pattern 

move into new age. It makes up for the shortcomings of traditional online communication tools and 

document editing software in collaborative work, mobile storage and other aspects. More and more 

people have realized its increasing importance from the need of social development. 

 
Collaboration refers to the coordination of resources, technology and information between 

departments and individuals in the process of achieving a certain goal. People need a certain place 

(office or classroom) where they can gather together to realize face-to-face communication among 

members before the Internet and smartphones. If they want to cooperate in different places, they need 

to use telephone, letter, fax and other inefficient communication tools. Whether face-to-face or in 

different places, traditional methods are difficult to achieve synchronization and real-time 

collaboration. The inefficient way of information transmission cost a lot of time and energy while the 

team can’t achieve the desired goals many times. With the advent of the information age, people began 

to use some social software such as Email, BBS, Blog, IM, Wiki for collaborative work and learning. 

These online tools shorten the distance between people. But this kind of social software is not 

developed for people to work and learn together. Like there are some online collaboration functions 

are integrated Facebook and Wechat, but they are mainly focus on social contact. The entertainment 

functions which unrelated to collaboration work will distract the attention of team members, and 

reducing the collaboration effect. 

 
Through online collaboration tools, people can improve the way of information exchange, reduce 

the space barriers, save time and energy, and improving the quality of group works. It will gradually 

become an important tool of innovative work and solve many problems in the process of people's 

office work or learning, such as process log, task assignment, delegation, administration, online 

communication and so on. Online collaboration tools play an increasingly important role in business 

and collaboration work recently. And there are a variety of online collaboration tools for team 

collaboration showed up while they have many limitations for different reasons. Unlike the business 

activities, the innovative design involves more divergent thinking and design thinking. This paper will 

argue that whether the collaborative tools can really assist the process of innovative design and help 

people from different disciplines to communicate effectively in collaborative design? We explore the 

development and characteristics of online collaboration tools around the innovative design. Discussing 

the impact of online collaboration tools (OCT) on distributed participants' course learning and project 

collaboration. The research could provide support for future design learning and practice from the 

analysis of case study and discuss what kind of tools to implement specific collaborative design system. 
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2. Related research 
 

2.1 Innovative Design Methods 

 
The innovative design methods mainly focus on the innovative and application method and the 

to the engineering project while now there is no systematic innovative design theory and method. 

Some interdisciplinary methods, such as TRIZ and design thinking, are used to guide innovative design. 

Under the guidance of innovative design, different professionals work together to complete the design 

of industrial products or services. Innovative design methods lead people to develop their professional 

knowledge and constructing the framework of innovative design for carrying out innovative practice. 

 
In the theory of innovation, TRIZ is a series of solving principles of patent problems for invention 

put forward by Altschuller, a former Soviet scientist. TRIZ is the acronym for the Russian phrase, 

“Teoriya, Resheniya, Izobreatatelskikh, Zadatch”, roughly translated into English as "Theory of 

Inventive Problem Solving" (Sheu and Hou, 2015). Its core lies in organizing and managing patent 

knowledge through technical contradictions to facilitate its reuse in the process of product innovation 

and design. TRIZ solves how to give reference answers according to the problems and provide ideas 

and cases to solve technology conflicts. Since the early 1990s, TRIZ theory has attracted extensive 

attention of researchers in developed countries. Ang improved the standard engineering parameters 

and inventive principles of TRIZ, updated the contradiction matrix, and supported designers better to 

solve conflict problems (Ang et al, 2013). Zhang improved the ARIZ algorithm of TRIZ theory and 

proposed the RLI model based on Germany's WOIS theory, PI theory and MIS theory (Zhang, 2013). 

Song-Kyoo replaces TRIZ's material-field model with queuing theory model in order to improve the 

efficiency of problem analysis (Kim, 2011). Chang focus on solving the problem of Ecological 

Innovation in product design by material-field analysis (Chang, 2005). Yan provided a simple way to 

master and use the standard solutions (Yan et al, 2012). 

 
Another theory of innovative design is Design Thinking. The concept of ‘Design Thinking’ was 

first introduced by Rowe in 1987, but has been over- simplified in many industry realms, leaving 

behind a trail of design thinking experts and a frustrated design research community (Dorst, 2011). 

More attention is paid nowadays to Design thinking by Tim Brown and the Stanford Design School. 

They let a large companies and businesses adopt design thinking to solve their complex problems in 

innovative ways (Brown, 2008). As a result of the link between design thinking and business 

innovation, many countries are investing in education that integrates design thinking processes, skills 

and mindsets across curricula, uniting the academic and vocational (Koh & Chai, 2015). Consequently, 

design thinking is increasingly regarded as an avenue to develop 21st century student capabilities, 

equipping them with the tools to effectively address the ever-evolving challenges facing global society 

in the future (Wright &Wrigley, 2017). An individual’s design thinking capability is best acquired 

through practice, application and experience (Howard, 2012). Expanded from Dreyfus’s (2004) 

general model of expertise, Dorst represents different ways of design thinking through seven levels of 

design expertise or practice, with each level having its own method, critical skill set and mode of 
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reflection (Dorst, 2011). Facilitation of design thinking has gained traction in recent years particularly 

through industry workshops, with many facilitators being from a non-design trained background. As 

such, the value of design thinking in practice and academia can be diluted by those who have minimal 

design understanding and expertise. As suggested by Yilmaz and Daly (2016), the success of 

instruction relies partly upon the facilitators ability to provide guidance and feedback on design paths 

and processes, in order to facilitate a practice where students can learn strategies to fully explore and 

define problems. It is a systematized process to create new user experiences and opportunities by 

utilizing the tools and a thinking process that designers use. It’s a significant way of problem-solving, 

rather than just coloring a product. 

 
2.2 Cooperative Design Tools and Methods 

 
Online collaboration tools can assist learning and practical projects both. In recent years, there 

are many studies on the learning performance for online tools, while the research about practical 

projects application are also beginning to increase. Collaboration and product innovation using 

network platform have become a hotspot. More and more designers, researchers and individuals join 

in product innovation (Frank, 2009). Wikinomics discusses that the large-scale collaboration design 

can change the world. The book argues that the traditional concept of innovation usually refers to 

innovation in a closed environment and trying to commercialize it. Today's online collaboration allows 

small companies or groups to acquire the resources and knowledge they need as large companies 

without paying a lot. 

 
To discuss appropriate online tools for design collaboration, we need to understand the 

characteristics of design problems and design activities. The synchronous collaboration is necessary 

for innovation design like a face-to-face collaboration. Collaborators can directly see each other and 

obtain rapid feedback. Moreover, there is access to a shared physical environment, which means that 

other types of visible information are available, such as shared information about physical objects and 

events (Whittaker, 2002). Olson also addressed one of key characteristics of face-to-face collaboration, 

called “spatiality of reference.” “Spatiality of reference” indicates that “people and work objects are 

located in space” (Olson, 2000), and as a result, collaborators can communicate with each other by 

referencing objects in the shared environment. Given the importance of communication based on 

visual representations (e.g., visual images and hand-drawn sketches) for design problem-solving, a 

shared physical environment in face-to-face collaboration plays a critical role, especially for visual 

communication among designers. Because of the merits of face-to-face collaboration, designers in 

practice come together and conduct problem-solving activities in a project room (Brown, 2009). 

 
Recently, the field of computer science has acknowledged the idea that findings from the domains 

of psychology and sociology matter to the design of group systems. The design of group systems that 

support Computer Supported Collaborative Learning and Working integrates knowledge of how 

people work and learn in groups with knowledge of enabling technologies (Schümmer & Lukosch, 

2007). This had led to several requirements for task-related functionality, such as facilities for 

communication, file-sharing, calendaring and scheduling. However, there are other, often less-obvious 
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requirements (Vick, 1998). These relate to the support of psychological and social processes, which 

impact group cohesion and team performance, such as group dynamics and people’s perceptions of 

each other. These processes have traditionally been studied in social sciences. As they are essential 

corner stones for team performance and interaction, they are thus also relevant for team performance 

in mediated environments. Indeed, according to Ackerman (2000), the main problem in group systems 

nowadays is the discrepancy between the social needs and expectations of the user and the computer 

system functionality. 

 
3. Conceptual Framework 

 
The research chooses the Design Thinking for the online workshop’s learning materials and 

design method. 

 
3.1.1 Definition of Design thinking 

 
Tim Brown, the CEO of IDEO, said, “Design thinking is a human-centered approach to 

innovation that draws from the designer’s toolkit to integrate the needs of people, the possibilities of 

technology, and the requirements for business success.” (Brown, 2008). 

 
Design thinking is a design concept which focuses on a product that can truly integrate into user’s 

life and be relied on by understanding their internal mental model, the environment, and observing the 

user behavior. Design Thinking is a solution-based design method to solve problems. This method is 

extremely useful for solving undefined or unknown problems. It mainly involves the following means: 

understanding the human needs, re-deconstructing the problem in the human-centered approach, 

creating more ideas in brainstorming, and applying practical methods in prototyping and testing. 

Design thinking has developed into an innovation design model which for learning and practice. It 

focuses on the creativity of the professionals from different majors, from different perspectives rather 

than the creativity of designers, and generates an innovative idea, product or service. Design thinking 

refers to the use of designers' sensitivity and design methods to meet people's needs on the premise of 

technical realizability and commercial feasibility (Sheu and Chiu, 2016). Which explores the 

Designers' three starting points of thinking: Desirability, Feasibility and Viability. This is the same 

standards with the "three core" concept of design education in Dutch Delft University, which is 

"people", "commerce" and "science and technology". 

 
3.1.2 Design thinking process 

 
There are five phase or stages for design thinking process. Understanding the five stages of design 

thinking will enable anyone to use design thinking methods and solve complex problems around us - 

in our companies, in our countries and even on our planet (Dreyfus, 2004). 

 
Herbert Simon, the Nobel Prize winner, outlined the first formal models of the process of design 

thinking in his pioneering 1969 book The Science of the Artificial. Simon's model consists of seven 
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main stages, each of them contains smaller stages and activities (Howard, 2012). It has a great 

influence on shaping some of the most widely used design thinking process models. And there are 

many variations in the design thinking process used today. Although they may vary in number from 

three to seven stages, they are all based on the same principles in Simon's 1969 model. 

 
According to d. school's research at Stanford University, the five stages of design thinking are as 

follows: empathize, define, ideate, prototype and test. In the thinking model, constant divergence and 

convergence in the process are adopted until the end for practical use (Sheu and Hou, 2015). The five 

design thinking stages for our innovative design are shown in Figure 1. 
 
 

 
Figure 1. The five stages of Design Thinking method 

 
(1) Empathize: The first stage of the design thinking process is to gain a sympathetic 

understanding of the problem you are trying to solve. 

 
This stage involves consulting experts, observing, participating, understanding users' experiences 

and motivations, and immersing oneself in a physical environment to gain a deeper understanding of 

the issues. Empathize is very important for human-centered design process such as design thinking. 

Empathize allows a designer to put aside his or her own assumptions about the world in order to gain 

a deeper understanding of users and their needs (Wright and Wrigley, 2017). 

 
A large amount of information is collected at this stage so that it can be used in the next stages. 

Researchers can form the best understanding of users' needs and the problems behind the specific 

product development. 

 
(2) Define: In this stage, designers can aggregate the information created and collected during the 

empathize stage. Then the team identify the core issues according to the observations and synthesize 

the information. The members should try to define problems in a "human-centered " way. Specifically, 

don't define the problem as their own desire or the needs of the team (Brown, 2009). 
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Defining the problem will help designers team gather great ideas to identify features, functions, 

and any other elements that can help users solve problems. Let users solve problems themselves with 

minimal difficulty at least. In this stage, by proposing problems that can help you find solutions, you 

will begin to gradually move into the third stage, the ideate stage. 

 
(3) Ideate: In the third stage of the design thinking process, designers are ready to start generating 

ideas. The members have understood their users and needs in the first stage, and members have 

analyzed and synthesized their observations in the define stage, presenting the problem with a human- 

centered approach. With this background, the team members can start thinking outside the box, find 

new solutions to the problem, and they can start looking for alternative ways to solve the problems 

(Sheu, Hong and Ho, 2017). 

 
Brainstorming is often used to stimulate divergent thinking and expand problem space. It is 

important to get as many ideas or problem solutions as possible at the beginning of the Ideate stage. 

At the end of this stage, members should choose other critical methods to help them investigate and 

test the ideas to find the best way to solve the problem. 

 
(4) Prototype: The design team will now create a Low Fidelity Model which have a part of 

functions in products so that they can test the solutions to problems identified in the previous stage. 

Prototypes can be shared and tested among a small group of people outside the team. This is an 

experimental phase to find the best solution for each problem found in the first three phases (Brown, 

2009). 

 
These solutions are hided in the prototype and tested one by one: they may be accepted, optimized 

and re-tested, and rejected if the experience is not good. By the end of this stage, the team will have a 

better understanding of the limitations and problems in the product, as well as the behavior, ideas and 

feelings of real users when interacting with the product. 

 
(5) Test: Designers or evaluators use the final solutions identified at the prototype stage to test 

the entire product. This is the last stage of the five-stage model while but in the iteration process, the 

results of the test stage are often used to redefine one or more problems and inform users of their 

cognition, usage conditions, way of thinking, behavior and feelings. Even at this stage, changes and 

improvements are ongoing to get the best solution and to get as much insight into the product and its 

users as possible (Brown, 2009). 

 
3.1.3 The key points of "design thinking" 

 
(1) Visualization and prototype: Designers use mind mapping, design sketch or prototype to 

visualize their abstract thinking to seek new ideas. Visualization and prototype enable designers to 

convey ideas faster than words. 
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(2) Iteration: Repeated the update-test-feedback-update process in the design process. Try to 

make the prototype better and better. 

 
(3) Interdisciplinary: Design thinking emphasizes cooperation by people from different majors. 

In IDEO, a design team usually consists of three or five people, who come from various fields such as 

economics, business, psychology, engineering, design and even medicine. They choose different 

relevant professionals according to the project need. People from different majors observe and discuss 

from different perspectives could form a more comprehensive view and creativity. 

 
(4) Divergence and convergence: The contradiction concepts, divergence and convergence, exist 

at every stage of the design process. First, Designers converge the divergent thinking to continue the 

design process. Second, the divergence of creativity needs the constraints of technology and commerce. 

Only when these two contradictions are reconciled can the innovation design succeed. 

 
More attention should be paid to users themselves and their environment rather than their 

behavior. Designers devote too much energy to thinking about how make the product useful or beauty 

and interesting. More and more companies begin to pay attention to the appearance, interface and 

operation experience of products. It is vital to consider "who will use it", "why they use it", "when and 

where to use". 

 
(5) The Nonlinearity of Design Thought: The team may have a direct and linear design thinking 

process, which runs in a logical way. However, the process is more flexible and non-linear. 

 
Design thinking should not be regarded as a fixed and inflexible design method. In order to obtain 

the purest and most informative insights into the particular project, these phases may be switched over 

and over again to expand the solution space and narrow the scope of the best solution. 

 
3.1.4 Summary 

 
Essentially, the process of design thinking is iterative and flexible, focusing on collaboration 

between designers and users, focusing on turning ideas into reality according to the thinking, feelings 

and behaviors of users. Design thinking solves complex problems through the following methods: 

 
(1) Empathize: Understanding the needs of the users involved; 

(2) Define: reorganize and redefine issues in a human-centered approach; 

(3) Ideate: creating many ideas in the creative stage; 

(4) Prototype: developing prototype/solution of problems; 

(5) Test: Constantly testing the prototypes. 

 
One of the main advantages of the five-stage model is that the knowledge acquired later can be 

fed back to the early stage. Information is constantly used to inform understanding of problems and 
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solutions. This creates a permanent cycle in which designers always gain new insights, create new 

ways of looking and possible uses, develop a better understanding of users and the problems they face. 

 
3.2 Online collaboration tools 

 
The most common conception of design problems is to consider them as “ill-structured” problems 

(Détienne,2006). Initially, there is no definite criterion to test a proposed solution, much less a specific 

process to apply the criterion to (Herbert, 1973). To solve this type of problem, designers 

collaboratively conduct their process with rapid explorations of the problem and solutions in tandem, 

rather than following linear stages (Andrew, 2010). Accordingly, design activities for the problem and 

solution (e.g., information gathering, analyzing, idea generating, and evaluating) are also performed 

in parallel and iteratively. Due to the interrelations of activities, design problems are difficult to 

decompose into independent sub-problems (Olson, 2000). For this reason, designers work closely 

together during the whole process rather than working independently and combining the outcomes. 

According to the standard of synchronous collaboration, we divided the online collaboration tools into 

the function based on interacting with others and shared resources (graphics, documents and 3D 

models) in the group. Its application scenarios are divided into four aspects: communication session, 

resource sharing, process participation and model making according to the five steps of design thinking. 

We analyzed the common online collaboration tools to explore how online collaboration tools can be 

applied to innovative design. The figure 2 shows the combination of online collaboration tools with 

design thinking process. 
 

Figure 2. Combination of online collaboration tools with design thinking method 

 
Three major software company, Microsoft, Google and Apple, have launched their own online 

collaborative work platforms. The Office, Google Docs and iCloud all use cloud technology, which 

can create, edit, store, synchronize and share files online anytime, anywhere on different devices. 

People can cooperate with others to edit documents. These three platforms are undoubtedly the most 

powerful in terms of function. But for various reasons, they also have great limitations. For example, 

the high cost of Office 365 makes it difficult for ordinary users to bear. The Google Docs is limited by 

policy, and it is difficult to use it in some place. And iCloud is also difficult to promote in a wide range 

due to Apple's relatively closed hardware and software environment. In addition, many Internet 

companies have developed their own online collaboration tools. In recent years, a number of excellent 



The 2019 International Conference on Systematic Innovation 

July 08-11, 2019, Liverpool, The UK 

525 

 

 

 

collaboration tools have emerged, such as Dow Cloud, JingOal, Shimo, Teambition, Worktile, Zoom, 

Trello, ZOHO, Quip, Show-Document and so on. These collaboration tools are more lightweight and 

focused on one kind of work. The online tools should be easily upload, download and edit the common 

document, know when and where members doing for their task. We test the online collaboration tools 

for our workshop to see the functions of these software. Many online collaboration tools have the 

potential to be applied to innovative design. We need test them by the workshop to figure out their 

specific functions and application scenarios. 

 
4. A Case Example 

 
4.1 Case Background 

 
This instructional program is designed to support the IDEEA global project for 2019 in 

collaborative design and engineering. The program instructional methodology will be to deliver at 

least one sequential instructional video each week during the program 10-week period. Each video 

will be delivered via both a dedicated IDEEA website and a YouTube Channel that can be viewed at 

any place in the world at any time as many times as desired as long as Internet access is available. The 

videos directly on the website and the same unlisted videos with YouTube URL links will be provided 

so that only the IDEEA participants can view them. It is intended that each participating IDEEA 

student team and Mentors will view each video in sequence and apply the content to their project 

design and development as needed. The website and videos are designed to assist all of the 

participating IDEEA project teams in Design Thinking and Product Design and Development process, 

principles, skills and tools. The whole process will be online teaching and design without face-to-face 

communication. 

 
4.2 Participants 

 
There is a collaborative global teamwork on this project with student teams, guided by a team 

faculty Mentor, that will develop, build and simulate a final drone concept. Individual team members 

will also develop and document their own project work appropriately. Each team will divide the project 

work up among the team members for developing the final integrated design concept. 

 
The students were divided into 20 groups and there were 6 to 8 members in each project team, 2 

from same school of 4 global universities. Each team member will have specific tasks for the project 

development as well as general overall design input responsibility. Each student will be expected to 

do design research and document it, do brainstorming and idea-sketching and document it, do mockup 

making and CAD modeling and document it, and do user testing and validation and document it. The 

Design Thinking process works very, very well, but only if one applies it diligently and thoroughly. 

For the Mentors to know if the process and work is actually done, students must document all their 

work diligently. The whole collaboration design process is online except the two students from same 

school can work together. 
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4.3 Procedure and Tasks 

 
Student project teams and Mentors will be introduced to the art, process and practice of physical 

cyber product design and to the product design process via Design Thinking. Student teams, with 

guidance and support from their Mentors, will each research, develop and mockup a new physical 

smart cyber product design concept that resolves a human-centered need as a program project within 

fixed category parameters based on a design brief. All students will learn and execute required Design 

Thinking empathic Research, project Definition, brainstorming Ideation with sketching, Making with 

mockups and CAD modeling, and Testing with design simulations. Students will work as project teams 

on their project with outside collaborative support teams as needed. Basic instruction via videos will 

be provided for required program processes, methodologies and skills. A final project and mockup 

presentation will be required for each student project during a final program event in the summer of 

2019. Modern physical smart cyber product design is multidisciplinary and collaborative, integrating 

designers, engineers, various professionals, customers, users, and stakeholders, all from various 

disciplines, as well as the integration of smart cyber technologies into physical systems. This program 

will reflect that approach and will enhance students’ collaborative teamwork experience, 

communication skills, and exposure to the various disciplines. This is a hands-on program that mixes 

video tutorials, experiential learning, field project research and execution work, and collaborative 

teamwork. Student teams will conduct a Mentor-guided project that will include human need-finding, 

design research, project definition, concept ideation, mockups/simulations/modeling, testing and 

validation, and refinement of a final tangible physical smart cyber product system concept in mockup 

form. There will be a final presentation and display of student project team concepts, mockups, models, 

and process summary. 

 
This project will follow the standard Design Thinking process of five modes or phases in stepped 

linear sequence, though several modes may be either utilized at one time or revisited more than once 

for proper project execution. Instruction for each project process mode/phase, as well as the associated 

skills and materials, will be provided to the teams online. 

 
(1) Research: Intuitional/Contextual/Discovery Empathic Research-includes notes, images, 

media, video, sketches, interviews, etc., of real drones and drone situations, existing drones, 

components, users and customers, related issues, and data, all researched and developed by the student 

team. 

 
(2) Define: Team Project Design Brief-a one-page project design brief written by the project team 

that summarizes their research and found needs, and defines their direction for their project 

development and target solution. 

 
(3) Ideate: Concept Ideation and Innovation-includes team brainstorming of ideas and basic 2D 

idea-sketches of concepts, ideas, processes, charts, diagrams, graphs, etc., based on research findings 

of issues and needs in the Project Design Brief. 
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(4) Prototype: Concept Simulation via Mockups and CAD Models-multiple ideas and concepts 

in physical and digital 3D for possible solutions to overall design, modules, subassemblies, problems 

and needs. 

 
(5) Test: Concept Testing and Validation-testing and validation of concepts and ideas using low- 

fidelity and high-fidelity mockups and CAD models with users and relevant stakeholders and 

situations to get responses, feedback and critique for the selection of best concepts for a final version. 

 
(6) Presentation: Final Refinement and Presentation-combination/synthesis/integration of best 

ideas and concepts based on testing research and finalization of design solution in 2D media and 3D 

concept form in mockup and CAD model. Preparation of final team design solutions and presentation 

of research, ideas, sketching, mockups, models, process and design/solution results during a summer 

2019 all-team IDEEA event TBA. Table 1 is a general summary of the above tasks. Participants at 

each stage need to collaborate to complete the following tasks online all the time. 

 
Table 1. The tasks of innovation design at each stage 

 
 

Task 

s of 

stage 

Context 

Research 

 
Empathize 

 
Definition 

 
Ideation 

 
Prototype 

 
Testing 

 

Task 

1 

General 

attributes 

&consideration 

s 

 

Interviews 

development 

 
Overall 

document 

design 

 
Applicatio 

n idea- 

sketches 

Low- 

fidelity 

mockups 

for early 

testing 

 
Testing setup 

& 

coordination 

 
Task 

2 

 
Existing design 

& features 

 
Personas 

development 

Heading & 

summary 

statement 

Componen 

t idea- 

sketches 

CAD 

model of 

component 

s 

Early 

Fidelity 

mockup 

testing 

low- 

 
Task 

3 

 
Technologies 

available 

 
Surveys 

development 

Key 

points/bullet 

s 

Controls 

idea- 

sketches 

CAD 

model 

overall 

design 

 
of 

Final 

mockup/mode 

l testing 

Task 

4 

Applications 

possible 

Observationa 

l research 

development 

Editing, 

grammar, 

terminology 

Module 

idea- 

sketches 

CAD 

model 

structure 

 
of 

Data 

presentation 

& analysis 

 
4.4 Analysis 

 
After the IDEEA’s innovation design, we choose the Team 13 for a survey which include a 

questionnaire about the usability evaluation for the online collaboration tools they use and an in-depth 

interview. They basically use the online collaboration tools throughout the whole design process. The 
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background information about the team members shows them is composed of typical multidisciplinary 

members with different majors and nationalities, as shown in Table 2. 

 
Table 2 Background information of Team 13 members 

 
 

Numbers Region Major Online tools level Design level 

Member 1 Germany Engineering Skilled Skilled 

Member 2 Germany Engineering Ordinary Skilled 

Member 3 Brazil Art Skilled Skilled 

Member 4 Brazil Engineering Skilled Ordinary 

Member 5 China Engineering Ordinary Ordinary 

Member 6 China Engineering Ordinary Ordinary 

Member 7 China Art Skilled Skilled 

Member 8 China Business Skilled Ordinary 

 
We transcribed all of the dialogues and videos during their design process. The online tools and 

methods used in their design are analyzed. They choose appropriate online tools to collaborate for 

different phases, and they will change the online tools when other team members are unfamiliar or 

unable to use it. And even if there are better software when a particular software is used already, they 

tend not to replace the online tools (e.g. Skype). The online tools and functions they use at different 

stages are summarized in Table 3. 

 
Table 3 Outline of the IDEEA workshop, April 2019 

Schedule Activities Online tools Functions used 

Week 01 

Breaking 

the ice 

Introduction and 

Overview, 

Select topic 

 

 

 
Skype, 

Wechat 

Real-time editing, 

Sharing files, 

Real-time 

communication, 
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Week 02 

Empathize 

Contextual and 

Discovery 

Research 

 

 

 
Trello, 

Teambition 

Sharing files 

assigning tasks, 

Saving dialogues, 

Progress tracking 

 
 

Week 03-04 

Definition 

 
 

Identify needs, 

Definition report 

 

 

 
 

Skype, 

Shimo 

Divergent & 

Convergent 

thinking, 

Document 

classification 

 
Week 05-06 

Ideation 

Brainstorming, 

Sketching, 

Ideation report 
 

 
Powerpoint, 

ProcessOn 

Sketch, 

Visualization 

Uploading files 

Week 07-08 

Prototype 

Mockup making, 

CAD modeling, 

Refinements  

 
Fusion 360 

Rapid prototypes, 

Easy learning, 

Cloud storage, 

 
Week 09 

Testing 

 
Execute testing, 

Validation 

 

 

 
Fusion 360, 

Skype 

Communication, 

Field research, 

Personalization 

 
Week 10 

Presentation 

 
Deliver 

presentations 

 

 

 
Zoom, 

Skype 

Setting 

permissions, 

Speech, Video 

Conferencing 
 

There are five usability evaluation items for the team members’ questionnaire for the online 

collaboration tools they use. The checklist was based on Jakob Nielsen’s traditional usability heuristics 

and to suggest usability areas that need more investigation (Norman and Nielsen, 2010). Participants 

evaluated five usability indicators of each software, and 1-5 points represented the degree of poor to 

excellent. Figure 3 shows the average values of 8 participants' usability evaluation for 6 online 

collaboration tools. 
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Figure 3. The Mean of Usability Evaluation for the online collaboration tools 

 
From the data analysis in Table 4, Skype and WeChat have a better overall usability performance. 

Trello is also quite concise, but it focuses on text work makes someone unsuitable for innovative 

design. For example, some people mentioned that uploading files is too limited and they cannot have 

real-time conversations. In addition, Zoom is a software that only suitable for giving speeches or 

meeting without saving records. Surprisingly, professional teamwork software such as Teambition has 

been abandoned after trying it out. Maybe its functions are too complex and redundant. 

 
Table 4 Usability Evaluation for the online collaboration tools 

 
 

 Skype Teambition Trello Fusion 360 Zoom Wechat 

Learnability 4.5 3.4 3.8 2.9 4.1 4 

Efficiency 4.3 3.2 4.5 2.3 4.2 3.4 

Memorability 3.4 3.5 4.3 3.7 2.6 4.6 

Error 2.5 4.2 4.5 4 3.2 2.3 

Satisfaction 4 2 2.3 2.7 3.6 3.9 
 

5. Conclusion 
 

Our research revealed that the online collaboration tools can promote innovative design of multi- 

disciplinary. The design tasks of the workshop are completed by each team with almost no traditional 

offline collaboration with good performance. It is feasible for people in different areas to collaborate 

and complete design activity online. On the one hand, this case experience can be extended to other 

kind of collaborative work. Online collaboration tools allow more resources to be integrated, and 

promote the development of collaborative design for other work like Medicine or Industry work. On 

the other hand, through the usability evaluation and interview for the members, we can improve the 

functions of online collaboration tools to make it more suitable for collaboration design rather than 
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just for commercial collaboration. In order to increase the online collaboration tools contribution to 

innovation design, some suggestions are proposed based on the analyzing results of interview and 

evaluation. 

 
For the online collaboration tools, we could do the modular design and adjustment according to 

the requirements of design, commerce or medicine projects. Full-featured online tools can cause too 

much interference to users. The normal online collaboration tools are inappropriate for other kind of 

tasks, such as Trello which is inappropriate for design activities. At the same time, online collaboration 

tools need more personalized settings. People play their own roles in the team. They may need their 

own setting to expand certain functions. If several tools can’t complete the project, users will have to 

use more online tools at the same time. Too many tools would reduce the efficiency of teamwork badly. 

 
For the online collaborative tools for innovative design, design activities need divergent thinking 

and multi-dimensional interaction. Designers need to share resources such as text, pictures, voice and 

video. Online tools should be able to upload and save these resources. Secondly, the design thinking 

process often needs to tract back to the previous process. It is very important to keep and classify the 

records. Designers need the multi-equipment communication to support people to communicate 

anytime, anywhere. And people may use different languages and need images instead of words for 

information design so that everyone can understand them. In addition, in collaborative design or 

collaborative learning, it is necessary to add a managerial role in job interviews. There were some 

members avoid responsibilities and work because of no statistics of their workload in the online 

collaboration tools. Joining managers or showing the amount of work each person has accomplished 

can urge everyone to contribute the team and promote the efficiency. 
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Abstract 
 

Owing to realize sustainable manufacturing industry, the design and operation of an environment- 

friendly supply chain is recently one of the important management issues. As efforts to be recognized 

as reliable enterprise from a society including stakeholders, many organizations are conducting 

continuous improvement (CI) activities in a daily operation, which contributes to the steady 

improvement of existing supply chain from the viewpoint of environmental performance. In addition, 

they open the report of this activities for their corporate social responsibility. This research design the 

evaluation framework of environmental continuous improvement (e-CI), and develops systematic 

procedure for measuring, analyzing, and classifying such efforts quoted by Data Envelopment 

Analysis (DEA). This paper also compares e-CI activities in both 2014 and 2018 years in Japanese 

manufacturing industry using the proposed model. 

 
Keywords: Supply Chain Management, Kaizen, Sustainability, Data Envelopment Analysis (DEA). 

 

1. Introduction 
 

In the global common recognition of a sustainable society, environmental efforts are essential for 

various trials in the supply chain. In addition, disclosing them is recently considered as one of the 

corporate social responsibility (CSR). Murata (2016) has proposed a framework for continuous 

improvement (CI) activities on environments with such characteristics. And then, according to this 

framework, Murata (2016) only analyzes 2014 single-year data on Japanese manufacturing industry 

by using a quantitative model with Data Envelopment Analysis (DEA). 

 
Conventional CI, regarded as “Kaizen” in Western literature (Lillrank et al. 1989), primarily uses 

performance indicators to effectively manage a supply chain system, such as improving product quality, 

shortening production and delivery times, and reducing manufacturing costs. Further, the management 

of these performance indicators strengthens the supply chain’s capability. The left side of Figure 1 

illustrates the conventional CI evaluation system, a simple feedback loop for reviewing past steps. A 

CI project’s result, in other words, is input in the evaluation system, and an evaluation result is returned 

for the next process. 
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The right side of Figure 1 displays the e-CI evaluation system, as another feedback loop is 

required to review past steps in addition to the conventional feedback loop. This involves evaluating 

the disclosure capability of a CI project’s results. A management system considering environmental 

issues certainly improves corporate image, as this problem more closely relates to individuals’ lives 

than other problems within a supply chain system. Hence, an important management strategy involves 

the disclosure of CI projects’ results, and the evaluation system should include multi-evaluation 

systems that aim to simultaneously improve implementation capability and corporate image. 
 

Improvement of Improvement of Improvement of 

supply chain capability supply chain capability corporate image 
 

  
 

Figure 1. Conventional CI evaluation system vs. e-CI evaluation system (Murata 2016). 

 
This paper attempts to analyze the two yearly data of 2014 and 2018 to further advance this study. 

That is, by comparing the datasets for the two years, this study discusses what kind of strategy Japanese 

manufacturing industries have for e-CI activities by an evaluation formula that indicates the growth 

direction of e-CI activities, which is as a new proposal for this paper. 

 
2. Analysis Procedure 

 
The analysis procedure consists of two steps: 1) calculating two efficiency values of the project 

implementation and the disclosure of the project result, and 2) calculating two growing rates of the 

above two events. The following sub sections describe the mathematical model for each step. 

 
2.1 Formulating two efficiency values of e-CI by DEA (Step 1) 

 
For the first step, in Murata (2016), two kinds of models are used to evaluate not only an e-CI 

project’s implementation state, but also the e-CI project result’s disclosure state. This set of two models 

more clearly visualizes the relationship between the two states (Murata et al. 2009). These models are 

mathematically represented by a degenerated the Charnes-Cooper-Rhodes (CCR) model (Charnes et 

al. 1978), the simplest among DEA models. Further, the mathematical representation of the model 

used to calculate an efficiency value for the project implementation of each manufacturing type is 

provided as the following formula: 

 

  (1) 

Project 
announ 
cement 

Input Input 

Feedback 
Feedback 

Evaluation system 

Project 

Feedback 
Input 

Evaluation system 
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Subject to 

 
𝐼µ𝑘 ≥0 

 

 
(2) 

 

𝑠 
j=1 𝐼 µj 𝐼ji  ≤1  

(3) 
 

where io is the type of manufacturing industry to be evaluated, Iji is a value for the implementation 

state of project j in the i type manufacturing industry, Iμj is the weighting coefficient for project j, i is 

a suffix of the manufacturing industry type, j is a project suffix, and s is a number of project. The 

technological essence of this model involves obtaining the optimal weighting coefficient values for a 

project’s linear function of the target manufacturing industry type, which enables the maximum ratio 

of the aforementioned defined function. As the constraint introduced in Formula (2), this maximum 

value cannot exceed one, and each variable and coefficient are nonnegative. Therefore, the measured 

performance of the target manufacturing industry type, namely the maximum ratio, falls between one 

and zero. Weighting coefficients of the target manufacturing industry type are found by the liner 

programing with the proposed model. The same calculations described in Formulas (1)-(3) are 

performed for all manufacturing industry types. The maximum ratios for all manufacturing industry 

types are then obtained as their position among the considered manufacturing industry types. 

 
Further, the model to calculate the efficiency value of the disclosure of the project result for each 

manufacturing type is mathematically represented by the following formula: 

 

  (4) 

Subject to 
 

𝐷µ𝑘 ≥0  

(5) 
 

𝑡 
𝑘=1 𝐷 µ𝑘 𝐷𝐼𝑘i ≤1  

(6) 
 

where io is the type of manufacturing industry to be evaluated, Dki is the value for the disclosure 

state of indicator k in the i type manufacturing industry, Dμk is a weighting coefficient for indicator k, 

i is a suffix for the manufacturing industry type, k is a suffix of the indicator, and t is a number of 

indicator. For this model described in Formulas (4)-(6), technological essence and calculation logic 

are the same structure of the first model. 

 
2.2 Formulating growing rate of e-CI (Step 2) 

∑

∑
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For step 2, Formulas (7)-(10) are proposed. These are indicators for measuring and analyzing the 

growth of e-CI activity between any two years. Formulas (7) and (8) are the optimal values of formulas 

(1) and (4). Formulas (9) and (10) indicate the values to compare e-CI performance between two years. 

The first and second formulas are respectively from the two viewpoints from e-CI implementation and 

the disclosure of e-CI results. 

 

  (7) 

  (8) 

  (9) 

  (10) 

where y is a suffix for a year, li
y is the optimal value of y year’s implementation state for i type of 

manufacturing industry to be evaluated, Di
y is the optimal value of y year’s disclosure state for i type 

of manufacturing industry to be evaluated, GIi is the ratio of y year’s implementation state to y+1 

year’s implementation state for i type of manufacturing industry to be evaluated, DIi is the ratio of y 

year’s disclosure state to y+1 year’s disclosure state for i type of manufacturing industry to be 

evaluated. 

 
3. Data Profile 

 
Nikkei Inc. (2014, 2018) have annually surveyed environmental management in Japanese 

industries. The survey investigated firms including those in both manufacturing and non- 

manufacturing industries. This study uses the results from manufacturing companies in 2014 and 2018 

years. The surveyed companies are classified into the following 17 manufacturing industry types: 1) 

Foods, 2) Textiles and Apparel, 3) Pulp and Paper, 4) Chemicals, 5) Pharmaceutical, 6) Oil and Coal 

Products, 7) Rubber Products, 8) Ceramics, 9) Iron and Steel, 10) Metal Products and Nonferrous 

Metals, 11) Machinery and Shipbuilding, 12) Electric Appliances, 13) Automobile and Automobile 

Parts and Other Transportation Equipment, 14) Precision Instruments, 15) Printing, 16) Light 

Industries, and 17) Other Products. All companies answered several questions in the survey. This study 

especially uses the results from two questions; the first involves the state of e-CI projects’ 

implementation, and the second involves the state of disclosure of the e-CI project’s results. 

 
The first focus question was “Did your company implement the following seven environmental 

projects?” These environmental projects improve supply chain management (SCM) from an 
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environmental performance perspective: X1: A modal shift of means of transportation; X2: A shift to 

a fuel-efficient or low-emissions vehicle; X3: The shortening of transportation distances and changes 

in transportation routes; X4: The improvement in the capability of packing and wrapping materials to 

improve loading efficiency; X5: A cooperative distribution; X6: Energy-saving driving to improve fuel 

consumption; X7: Other SCM activities. 

 
Each project’s implementation state is expressed in Formula (11): 

 
 

𝐼𝑖𝑗 
= 

𝑏𝑖𝑗 
× 100 (𝑖 = 1, … , 17, 𝑗 = 1, … , 7) 

𝑎𝑖 

 

(11) 
 

where Iij is the ratio of the number of companies that implement project Xj to the number of 

companies in the type i manufacturing industry; bij is the number of companies that implement project 

Xj in the type i manufacturing industry; ai is the number of companies in the type i manufacturing 

industry; i is the suffix of each manufacturing industry type; and j is the suffix for each project. Table 

1 displays the implementation state for each environmental indicator in each manufacturing type. 

 
The second focus question was “Did your company disclose the following three environmental 

indicators?” The three environmental indicators involve greenhouse gas emissions in the full cycle of 

a supply chain: Y1: A distribution from materials/part companies to your factory; Y2: A distribution 

from your factory to retailers; Y3: A distribution to dispose of or recycle used products. In addition, 

 
Table 1. 2014 and 2018 states of implementation for environmental indicators (Iij). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Transportation 

Equipment 

 
Type of Manufacturing 

    
2014 

       
2018 

 

 
Industry 

 
X1 

 
X2 

 
X3 

 
X4 

 
X5 

 
X6 

 
X7 

 
X1 

 
X2 

 
X3 

 
X4 

 
X5 

 
X6 

 
X7 

1) Foods 88.1 81.0 100.0 88.1 90.5 90.5 40.5 85.0 85.0 97.5 90.0 92.5 87.5 35.0 

2) Textiles and Apparels 83.3 83.3 100.0 91.7 50.0 100.0 25.0 62.5 87.5 87.5 100.0 50.0 87.5 12.5 

3) Pulp and Paper 100.0 100.0 85.7 85.7 85.7 100.0 71.4 100.0 85.7 71.4 71.4 71.4 85.7 71.4 

4) Chemicals 85.3 75.0 94.1 86.8 64.7 80.9 32.4 88.1 85.1 91.0 80.6 70.1 82.1 23.9 

5) Pharmaceutical 36.4 86.4 63.6 63.6 59.1 86.4 27.3 35.0 100.0 55.0 60.0 65.0 95.0 10.0 

6) Oil and Coal Products 75.0 100.0 100.0 75.0 75.0 100.0 50.0 66.7 100.0 100.0 66.7 100.0 100.0 66.7 

7) Rubber Products 66.7 55.6 100.0 88.9 66.7 44.4 44.4 75.0 62.5 100.0 87.5 62.5 62.5 25.0 

8) Ceramics 55.6 100.0 88.9 88.9 33.3 100.0 44.4 55.6 77.8 77.8 66.7 33.3 77.8 33.3 

9) Iron and Steel 88.9 88.9 88.9 66.7 66.7 100.0 44.4 100.0 85.7 100.0 85.7 71.4 100.0 42.9 

10) Metal Products and 

Nonferrous Metals 

 
65.4 

 
73.1 

 
80.8 

 
88.5 

 
57.7 

 
84.6 

 
42.3 

 
81.8 

 
81.8 

 
90.9 

 
86.4 

 
63.6 

 
86.4 

 
45.5 

11) Machinery, 

Shipbuilding 

 
69.4 

 
91.8 

 
85.7 

 
85.7 

 
46.9 

 
93.9 

 
30.6 

 
68.2 

 
97.7 

 
90.9 

 
86.4 

 
50.0 

 
88.6 

 
34.1 

12) Electric Appliances 65.9 87.1 87.1 87.1 69.4 88.2 47.1 67.9 92.3 91.0 91.0 67.9 91.0 44.9 

13) Automobile,               

Automobile Parts, Other  
73.0 

 
81.1 

 
91.9 

 
91.9 

 
78.4 

 
89.2 

 
48.6 

 
88.2 

 
91.2 

 
94.1 

 
91.2 

 
85.3 

 
91.2 

 
50.0 
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14) Precision 

Instruments 64.7 88.2 82.4 100.0 52.9 82.4 47.1 69.2 100.0 84.6 92.3 69.2 100.0 69.2 

15) Printing 30.0 80.0 80.0 80.0 50.0 90.0 10.0 44.4 100.0 88.9 100.0 77.8 100.0 11.1 

16) Light Industries 66.7 88.9 77.8 88.9 77.8 100.0 22.2 87.5 100.0 100.0 100.0 100.0 100.0 25.0 

17) Other Products 66.7 100.0 100.0 100.0 100.0 100.0 33.3 100.0 100.0 100.0 100.0 66.7 100.0 0.0 
 

the level of disclosure is then established based on the following four levels in the original survey: 

Level 1: This company has already calculated and announced; Level 2: This company has already 

calculated and plans to announce in the future; Level 3 This company has already calculated and does 

not plan to announce in the future; Level 4: This company has no plans to calculate. 

 
The disclosure state of the environmental indicators is expressed in Formula (12): 

 
∑4 𝑐𝑚 𝑑𝑖𝑘𝑚 

𝐴𝑖𝑘 =    𝑚=1 × 100 (𝑖 = 1, … , 17, 𝑘 = 1, … , 3) 
𝑖𝑘 

 
(12) 

 

where Aik is the ratio of the number of companies that disclose indicator Yk to the number of 

companies in the type i manufacturing industry; cm is the weight of disclosure level m; dikm is the 

number of companies that disclose indicator Yk by disclosure level m in the type i manufacturing 

industry; a’ is the number of companies that disclose indicator Y in the type i manufacturing industry; 

i is the suffix of each manufacturing industry type; k is the suffix of each indicator; m is the suffix of 

each environmental indicator’s disclosure level. Table 2 displays the disclosure state for each 

environmental indicator in each manufacturing type. 

 
Table 2. 2014 and 2018 states of disclosure for environmental indicators (Aik). 

 
2014 2018 

Type of Manufacturing Industry 
 Y1 Y2 Y3 Y1 Y2 Y3 

1) Foods 63.8 85.9 58.8 74.3 82.4 59.1 

2) Textiles and Apparels 64.3 60.7 53.6 57.1 62.5 50.0 

3) Pulp and Paper 75.0 95.0 50.0 87.5 85.0 87.5 

4) Chemicals 65.2 78.4 53.6 81.0 82.0 71.0 

5) Pharmaceutical 80.6 75.0 46.4 88.3 78.1 82.1 

6) Oil and Coal Products 187.5 187.5 137.5 100.0 100.0 100.0 

7) Rubber Products 60.7 89.3 60.0 59.4 87.5 62.5 

8) Ceramics 60.7 75.0 39.3 75.0 69.4 61.1 

9) Iron and Steel 81.3 80.0 45.0 75.0 85.0 37.5 

10) Metal Products and Nonferrous Metals 64.3 78.6 51.9 75.0 76.5 62.5 

11) Machinery, Shipbuilding 65.7 78.6 50.7 78.0 85.7 76.6 

12) Electric Appliances 64.8 85.5 60.0 74.0 82.4 74.2 

13) Automobile, Automobile Parts, Other Transportation Equipment 72.4 84.2 69.3 75.8 94.4 84.8 

14) Precision Instruments 60.0 75.0 50.0 79.5 87.5 79.5 

15) Printing 70.0 70.0 55.0 68.8 75.0 68.8 

16) Light Industries 53.6 71.4 62.5 90.6 92.9 90.6 

17) Other Products 62.5 62.5 50.0 75.0 100.0 75.0 
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4. Analysis Results 
 

4.1 Efficiency of e-CI activity (Step 1) 

 
Table 3 shows calculation results by step 1. The first four rows of this table indicate the efficiency 

values of 2014 and 2018 years of each type of manufacturing industry. For 2014 year, regarding the 

project’ implementation state, the average is 0.97, the value range is 0.14, and 10 manufacturing 

industry types score 1.00 for this value. Regarding the project results’ disclosure state, the average is 

0.92, the value range is 0.20, and 4 manufacturing industry types score 1.00 for this value. For 2018 

year, regarding the project’ implementation state, the average is 0.97, the value range is 0.22, and 9 

manufacturing industry types score 1.00 for this value. Regarding the project results’ disclosure state, 

the average is 0.85, the value range is 0.38, and 2 manufacturing industry types score 1.00 for this 

value. These results indicates not to change that the state of project implementation is better than the 

state of project results’ disclosure in both of 2014 and 2018 years. There are also considered nervous 

tendency to slow down e-CI activity, and its detailed analysis performs in the next step. 

 
Table 3. E-CI performance between 2014 and 2018 years. 

 
 

Type of Manufacturing Industry Ii
2014

 Di
2014 Ii

2018 Di
2018 Gli GDi 

1) Foods 1.00 0.97 0.98 0.82 0.98 0.85 

2) Textiles and Apparels 1.00 0.85 1.00 0.63 1.00 0.73 

3) Pulp and Paper 1.00 1.00 1.00 0.88 1.00 0.88 

4) Chemicals 0.97 0.88 0.91 0.82 0.94 0.93 

5) Pharmaceutical 0.86 0.97 1.00 0.88 1.16 0.91 

6) Oil and Coal Products 1.00 1.00 1.00 1.00 1.00 1.00 

7) Rubber Products 1.00 1.00 1.00 0.88 1.00 0.88 

8) Ceramics 1.00 0.80 0.78 0.75 0.78 0.94 

9) Iron and Steel 1.00 0.97 1.00 0.85 1.00 0.87 

10) Metal Products and Nonferrous Metals 0.91 0.88 0.95 0.76 1.05 0.87 

11) Machinery, Shipbuilding 0.94 0.88 0.98 0.86 1.04 0.98 

12) Electric Appliances 0.93 0.97 0.97 0.82 1.04 0.85 

13) Automobile, Automobile Parts, Other Transportation Equipment 0.98 1.00 1.00 0.94 1.02 0.94 

14) Precision Instruments 1.00 0.84 1.00 0.88 1.00 1.04 

15) Printing 0.90 0.91 1.00 0.75 1.11 0.82 

16) Light Industries 1.00 0.90 1.00 0.93 1.00 1.03 

17) Other Products 1.00 0.82 1.00 1.00 1.00 1.22 

Average 0.97 0.92 0.97 0.85 1.01 0.93 

Range 0.14 0.20 0.22 0.38 0.38 0.49 

 
4.2 Growth of e-CI activity (Step 2) 

 
The last two rows of Table 3 is the calculation results for step 2 and these dataset can express the 

scatter diagram like Figure 2. This figure includes in two boundary lines where the values of GIi and 

GDi is 1.00 respectively, and 4 quadrants are classified by them. 17 types of manufacturing industry 

are divided into 3 groups as follows. 

 
The value of GIi is 1.00 in eight types of manufacturing industry; 2) Textiles and Apparels, 3) 

Pulp and Paper, 6) Oil and Coal Products, 7) Rubber Products, 9) Iron and Steel, 14) Precision 
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Instrument, 16) Light Industries, and 17) Other Product. These eight type of manufacturing industries 

keep that the value of projects’ implementation state is 1.00 in both 2014 and 2018 years. 

 
In the eight types, the value of GDi gets over 1.00 in three types of manufacturing industry; 14) 

Precision Instrument, 16) Light Industries, and 17) Other Product. Also, the value of GDi is 1.00 in (6) 

Oil and Coal Products. These four types of manufacturing industry belong to first group. 

 
For the one part of the second group, there are four types of manufacturing industry; 2) Textiles 

and Apparels, 3) Pulp and Paper, 7) Rubber Products, and 9) Iron and Steel because the value of GDi 

is under 1.00 in the four types. The other part of the second group is six types of manufacturing industry; 

5) Pharmaceutical, 10) Metal Products and Nonferrous Metales, 11) Machinery, Shipbuilding, 12) 

Electric Appliances, 13) Automobile, Automobile Parts, Transportation Equipment and 15) Printing. 

Their value of GIi are over 1.00. 
 

For the third group, Both values of GIi and GDi are not over 1.00 in three types of manufacturing 

industry; 1) Foods, 4) Chemicals and 8) Ceramics. 

 
From the above analysis, Japanese manufacturing industry is short of the growth of e-CI because 

there are just only four types of manufacturing industry where the both values of GIi and GDi get over 
1.00. The investigation of the cause of this results is more considered as one of the future studies. 
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Figure 2. E-CI Growth between 2014 and 2018 years. 
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5. Conclusion Remarks 
 

This paper analyzed e-CI performance of Japanese manufacturing industry in the following two 

steps. Firstly, the efficiency of e-CI of 17 types of manufacturing industry was calculated with two 

single year datasets using the proposed DEA model. Secondly, the growth of e-CI activity of each type 

of manufacturing industry was measured between two years. From the result of two steps’ analysis, it 

was found that the state of project implementation is better than the state of project results’ disclosure 

in both of 2014 and 2018 years. There were also considered nervous tendency to slow down e-CI 

activity. In particular, disclosing the results of e-CI decelerates in more than half types of 

manufacturing industry. Japanese manufacturing industry is continuously required to positively 

support this activities although it takes a lot time to stable ensure the transparency of environmental 

supply chain performance under global tough competition. 
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Abstract 
 

The creation of a high productive workplace is a common difficult issue in an organization around 

the world. In particular, this should be urgently resolved in an aging society with a declining birthrate. 

Work sharing is one of the industrial engineering approaches to effectively activate human resources. 

In this methodologies, choosing a partner is an important factor for improving work performance. 

However, many of the approaches are based on empirical things, and trial and error are repeated. This 

research proposes three kinds of models to think appropriate pairs for a work with Analytic Hierarchy 

Process (AHP), which is a typical method of decision making problem. And then, this paper discusses 

a systematic work sharing with numerical simulations for a pair selection of doubles in tennis as a case 

of work sharing problem, using proposed models. 

 
Keywords: Work Sharing, Productivity, Analytic Hierarchy Process (AHP), Human Resource 

Management. 

 
1. Introduction 

 
Creating a highly productive workplace is a continuous issue in the organization. In particular, 

this is addressed urgently in advanced countries where rapid decline in production population, due to 

the declining birthrate and aging population. Under such circumstances, work (job) sharing (Olmsted 

1997, Drèze 1986) that one can expect the leveling of work and the improvement of work life balance 

can be raised by carrying out one work shared by plural members as one of ingenuity of working way. 

In this method, selection of a partner is considered to be an important factor determining work 

performance. However, many of these approaches are often empirical, and trial and error are scattered. 

 
In this research, the process of selecting partners is considered as one decision-making problem, 

and three kinds of models are proposed using Analytic Hierarchy Process (AHP) which is a 

representative method for this problem. These are categorized according to whether the evaluation 

criteria of decision making are one or more, or whether alternatives are to be individual or paired. For 

the former, the paper aims to quantitatively grasp how the evaluation result changes according to the 

number of evaluation criteria. The latter aims to quantitatively detect the difference between indirect 
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Alternative 

Criterion 
Individual Pair 

 

pair-evaluation through individual evaluation and direct pair-evaluation. By these proposals and trials, 

this research aims to study the phenomena occurring in that process, in order to select more appropriate 

partner. 

 
2. Analytic Hierarchy Process (AHP) 

 
The analytic hierarchy process (AHP) has been widely used since first being reported by Saaty 

(1977). The methodology is one of the multi-criteria decision-making approaches that decomposes a 

complex problem into a hierarchical order (Murata and Katayama 2013, Saaty and Vargas 1997). 

Therefore, most of the decision processes usually include the tacit knowledge that experts possess. 

The analysis procedure consists of three steps as follows. 1) After formulating an objective, a criterion, 

a rating scale and an alternative, the construction of an AHP hierarchy is performed using the 

formulated objective, criterion and alternative. 2) Two kinds of pairwise comparison analyses, the 

rating of the criterion with respect to the objective and the rating of the alternative with respect to the 

criterion, based on each formulated rating scale, are performed. 3) The rating of the alternative with 

respect to the objective by the rating scores derived in the previous step is evaluated. In this paper, the 

methodology is utilized to prepare the analyzed data for the proposed model. 

 
3. Proposed Model 

 
Table 1 shows three kinds of proposed model. These models are classified from the viewpoints 

of an alternative and a criterion. Each model is illustrated in the following three chapters. 

 
Table 1. Proposed model. 

 

Plural model 1 model 3 

Singleness model 2 - 
 

3.1 Model 1 

 
This model consists of two steps. The first step aims to evaluate each worker by plural criterions. 

Figure 1 is developed to attain this purpose with AHP hierarchy. In the hierarchy, an objective is an 

evaluation of worker’s performance for a shared work, a criterion is an attribute of worker’s capability 

to perform a shared work, and an alternative is a candidate worker for sharing a work. Then, l is a 

number of criterion, and m is a number of worker. In the step, a score is given to a worker. And then, 

the average of scores of any two workers is calculated as the score of a pair in the second step. 
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Objective 
 
 

Criterion 
 
 

Alternative 
 
 

Figure 1. AHP hierarchy for the first step in model 1. 
 

3.2 Model 2 

 
Model 2 includes plural AHP hierarchies like Figure 2. All hierarchies have the same structure 

which includes single criterion and plural workers. In each hierarchy, an objective is an evaluation of 

worker’s performance for a shared work, a criterion is an attribute of worker’s capability to perform a 

shared work, and an alternative is a candidate worker for sharing a work. And then, l is a number of 

criterion, and m is a number of worker. l kinds of a score are given to a worker by l kinds of AHP 

hierarchies in the model. 
 
 

Objective 
 
 

Criterion Criterion 
1 ・・・ Criterion 

l 

 
 

Alternative Worker 1 ・・・ Worker m Worker 1 ・・・ Worker m 

 
Figure 2. AHP hierarchy for model 2. 

 

3.3 Model 3 

 
Model 3 aims to directly evaluate each pair by plural criterions. Figure 3 shows an AHP hierarchy 

for this purpose. In the hierarchy, an objective is an evaluation of pair’s performance for a shared work, 

a criterion is an attribute of pair’s capability to perform a shared work, and an alternative is a candidate 

pair for sharing a work. l is also a number of criterion, and n is a number of pair. A score is given to a 

pair in the model. 

Criterion    
・・・    

Criterion 
1 l 

Worker 
1 ・・・ 

Worker 
m 
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Objective 

Criterion 

 

Alternative 
 

Figure 3. AHP hierarchy for model 3. 
 

4. Evaluation Procedure 
 

4.1 Analysis Case 

 
This paper analyzes the data of 2017 top ten world players in Association of Tennis Professionals 

(ATP) (DataTennis 2019). This research focuses on job sharing issue. However obtaining the data of 

this issues is difficult from an actual workplace because a lot of personal data are included in the 

relevant dataset. Therefore, this paper picks a pair-selection problem in a tennis. Table 2 illustrates 

three kinds of analyzed data. The first data involves 2017 world ranking. The second and third data 

means the both faces of essential capabilities to execute a work. The former data is a rate of service 

and the latter data is a rate of return. Followed by ATP rule, the former rate is calculated by Equation 

(1) and the latter rate is calculated by Equation (2). The former means positive (offensive) capability 

of a tennis player and the latter means negative (defensive) capability of a tennis player. 
 

A rate of service = 𝑝1𝑞1 + (1 − 𝑝1)𝑝2𝑞2 
 

(1) 
 

<Notion> 

 
p1: A rate of service in by first service q1: 

A rate of service in by second service p2: 

A rate of service point by first service 

q2: A rate of service point by second service 

 
A  rate  of  return = 𝑣1𝑤1 + (1 − 𝑣1)𝑣2𝑤2 

 
 
 

(2) 
 

<Notion> 

 
v1: A rate of return in by first service 

Criterion    
・・・   

Criterion 
1 l 

Pair 1 ・・・ Pair n 
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Criterion 
Ranking A rate of service A rate of return 

 

w1: A rate of return in by second service v2: 

A rate of return point by first service w2: A 

rate of return point by second service 

Table 2. Analyzed data. 
 
 
 
 

Player  

Player 1 1 73 41 

Player 2 2 70 44 

Player 3 3 70 40 

Player 4 4 69 39 

Player 5 5 69 38 

Player 6 6 69 35 

Player 7 7 64 41 

Player 8 8 69 36 

Player 9 9 64 36 

Player 10 10 68 35 

 

4.2 Evaluation between model 1 and model 2 (First evaluation) 

 
This evaluation investigates the change of the score of a player by weighting each criterion. 

Model 2 calculates the two scores of a service and a return of each player. Equation (3) calculates the 

weighted average of the two scores. When changing weighting coefficient α between 0 and 1, it can 

be observed that the order of the scores of all players fluctuates. Also, the set of all players’ scores 

calculated by model 1 can be located in the simulation results of model 2. 

 

𝑐𝑖 = 𝛼𝑠𝑖 + (1 − 𝛼)𝑟𝑖 (𝑖 = 1, … , 10) 
 

(3) 
 

<Notion> 

 
ci: A combined score of player i of model 2 

 
si: A service score of player i of model 2 

 
ri: A return score of player i of model 2 

 
α: weighting coefficient (0≦α≦1) 
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i: A suffix of a player 
 

m: A total number of players 
 

4.3 Evaluation between model 1 and model 3 (Second evaluation) 

 
This evaluation aims to investigate the relationship between indirect pair-evaluation and direct 

pair-evaluation. For the evaluation, the relationship between the set of scores by model 1 (indirect 

pair-evaluation) and the set of scores by model 3 (direct pair-evaluation) is expressed by a scatter 

diagram. Basically, this diagram indicates the linear relationship. However the difference between the 

two datasets is considered by extracting samples deviating from the linear relationship, and the finding 

certainly shows the difference of pair-selection process between two evaluations. 

 
5. Evaluation Result 
 

5.1 First evaluation 

 
Figure 4 illustrates the result of first evaluation. This shows the change of scores of 10 players by 

shifting weighting coefficient α from 0 to 1 in model 2. From the figure, the both ends of the graph 

(when α = 0 and α =1) are the evaluation results of the respective criteria such as service play or return 

play. Player 2 and player 7, whose rankings of return rates are high in all players, are rising in the 

ranking of combined scores as weighting coefficient α increases. Also, in case of weighting coefficient 

α is 0.67, the combined score is the score calculated by model 1, which tends to emphasize a return 

play. 
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Figure 4. Result of first evaluation. 
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5.2 Second evaluation 

 
Figure 5 shows a scatter diagram based on the both sets of scores of model 1 and model 3. A 

number of a pair is 45 patterns. The correlation coefficient between the two kinds of dataset is 0.95. It 

can be confirmed visually that the relationship between both scores is linear but there are some data 

deviating from it. This indicates that the difference in the evaluation process affects the result. 

Especially, from the result of this analysis, in the case that a player with low return score and high 

weight of return score pairs player 2, the direct pair-evaluation by model 3 is higher the indirect pair- 

evaluation by model 1. Also, in the case that a player with equal or more capability as player 2 pairs 

player 2, the indirect pair-evaluation by model 1 is higher the direct pair-evaluation by model 3. 

 
6. Conclusion Remarks 

 
This paper focuses on the process of selecting partners which is considered as one decision- 

making problem. And then, three kinds of models are proposed using AHP. These are categorized 

according to whether the evaluation criteria of decision making are one or more, or whether 

alternatives are to be individual or paired. Also, two analysis performs by the proposed models. The 

first aims to quantitatively grasp how the evaluation result changes according to the number of 

evaluation criteria. The second aims to quantitatively detect the difference between indirect pair- 

evaluation through individual evaluation and direct pair-evaluation. By these proposals and trials, this 

research can study the phenomena occurring in that process and contribute to select more right partner 

for work sharing. 
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Figure 5. Result of second evaluation. 
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Abstract 
 

In the era of Internet of Things (IoT), the possibility of measuring, analyzing, and improving 

various activities in a production system has been expanding by the rapid spread of physical sensors, 

large-scale database and wide-area communication networks. In order to obtain this perfect 

opportunity, it is necessary to consider the two problems of what kind of information is acquired from 

a production system network, and how to utilize the obtained information for management problems 

such as performance management, cost reduction and customer satisfaction improvement. This 

research aims to develop a platform that systematically design key performance indicators (KPIs) to 

effectively approach to the two problems. This paper also reports the development results of KPIs with 

the collaborative company by the proposed platform. 

 
Keywords: Performance Management, Internet of Things (IoT), Key Performance Indicators (KPIs). 

 

1. Introduction 
 

In the Internet of Things (IoT) era, the possibility of measuring, analyzing and improving various 

aspects of the production system which could not be quantitatively grasped has been expanding by the 

expansion of the use of physical sensors. In order to gain such a great opportunity, it is necessary to 

think about three kinds of issues as follows; 1) what kind of management goal should be set, 2) what 

kind of information can be acquired, and 3) what kind of management indicators can be designed to 

connect between managed goal and acquired information. 

 
This research focuses on the third issues. There are many previous studies in the fields such as 

management by objective (MBO) (Ivancevich, Donnelly and Lyon 1970 and Tosi, Rizzo and Carroll 

1970), performance management, and performance measurement. In addition, key performance 

indicators (KPIs) (Katayama and Lee 2018) which are a representative management indicator are also 

organized in a management scheme such as total productive maintenance and management (TPM) 

(Shirose 1996). 
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Based on these background, this paper examines KPI design from both viewpoints of 

measurement unit, and three management resources, human, machine and materials. Management 

indicators are also designed by using the proposed viewpoints in a case company which conducts TPM 

activities. 

 
2. Literature Review 

 
This study is related to the construction of the KPI/KAI database among the support system of 

kaizen activity shown in Figure 1 (Suzuki 1994, Murata and Katayama 2009, 2010a, 2010b, 2013, 

2016). This database supports See and Plan phases of Plan-Do-See management cycles as shown in 

Figure 2, and aims at three objectives such as 1) visualization of the factory performance, 2) 

confirmation of the target factory from the results to measure the performance of the factories 

registered in the database, and 3) competition analysis by the same level of factory group which 

contains the similar capability. The previous study proposed the structure of this database however 

don’t consider the details of database. Therefore this paper discusses a kind of management indicators 

for more contributing to practical side. 

 

 
Figure 1. Relationship among PDS Cycle, KAI/KPI database and Kaizen Case-base. 

 

 
Figure 2. Framework for utilizing KAI/KPI database. 
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3. Research Procedure 
 

In this paper, the research procedure consists of the following two steps. 

Step 1. Designing viewpoints for KPI design 

Step 1.1 Extracting measurement units 

 
Based on literature survey and factory tour, the kind of management unit to design management 

indicators will be examined deductively. 

 
Step 1.2 Deploying by management resources 

 
What kind of management indicator should be designed is considered every the measurement 

units extracted in Step 1.1 for each of the three management resources such as human resources, 

machines, materials. It is organized into a table format. 

 
Step 2. Confirming the utility of the proposed viewpoints 

 

Step 2.1 Investigating management indicators by the proposed viewpoints 

 
Management indicators are investigated in the reports related to TPM activities at case company, 

and organize them using the proposed viewpoints. 

 
Step 2.2 Designing management indicators by the proposed viewpoints 

 
For a process of case company, what kind of indicator should be managed is examined using the 

proposed viewpoints. Field visits and the exchanges of opinions with practitioners are included in this 

attempt. 

 
4. Designing Viewpoints for KPI Design (Step 1) 

 
4.1 Extracting Measurement Units (Step 1.1) 

 
Figure 3 shows the classification result of management indicators by measurement units. It is 

classified into two types, one obtained by measurement of production activity and the other obtained 

by the processing of them. The former consists of four measurement units; physical unit, temporal unit, 

monetary unit, and emotional unit. The indicators of physical unit belong to the group of Key Activity 

Indicator (KAI) and will be advanced to develop in the era of IoT. The indicators of temporal unit 

belong to the group of KPI. The indicators of physical unit belong to the group of Key Management 

Indicator (KMI). The indicators of temporal unit is related to human resource management. They are 

subjective indicators and needed to more develop in the future. The latter consists of four processing 
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①-3 Monetary unit 

Amount of money 

Satisfaction 

①-4 Emotional unit 

Time (year, month, day, h, m, s, cycle) 

Frequency (number of times) 

①-2 Temporal unit 

 

units; differences, accumulation, index, and proportion. Each unit includes in all four measurement 

units of the former. 
 

① Units obtained from the measurement of 
production activities 

①−1 Physical(non-monetary) unit 
 

A rational number Quantity 

② Units obtained from the processing of 
measurement results of production activities 

②-1-1 Physical unit 
②-1-2 Temporal unit 
②-1-3 Monetary unit 
②-1-4 Emotional unit 

An integral number 
 
 

Number of items 
 

Number of persons 

Number of cases 

②-2-1 Physical unit 
②-2-2 Temporal unit 
②-2-3 Monetary unit 
②-2-4 Emotional unit 

②-3-1 Physical unit 
②-3-2 Temporal unit 
②-3-3 Monetary unit 
②-3-4 Emotional unit 

②-4-1 Physical unit 
②-4-2 Temporal unit 
②-4-3 Monetary unit 
②-4-4 Emotional unit 

 

 
Figure 3. Classification of management indicators by measurement units. 

 
4.2 Deploying by management resources (Step 1.2) 

 
Table 1 shows the classification of management indicators. This table is made based on the three 

management resources every the four types of measurement units in Figure 3 in Section 4.1. There are 

two types of management indicators for daily production activities (routine indicators), and 

management indicators for maintaining and improving their performance (metabolic indicators). 

Management indicators by physical unit are divided into two kinds of indicators such as basic 

capability indicators and activities indicators. A total number of kinds of management indicators is 32. 

The breakdown of 32 types are 16, 6, 7, and 2 from the viewpoints of four measurement units, and 11, 

9, and 11 from the viewpoints of three management resources. 

 
5. Confirming the utility of the proposed viewpoints (Step 2) 

 
5.1 Investigating management indicators by the proposed viewpoints (Step 2.1) 

 
In this paper, the materials of TPM activities was collected through an investigation of a chemical 

plant of the company in Japan that participated in the study. A collaborative company of approximately 

350 employees is a Japanese chemical manufacturer. Focused chemical plant of the 

 
Table 1. Classification of management indicators from management resources and measurement units. 

 

Management 
resources 

Measurement units 

 
Human (11) Machine (9) Materials (11) 

②-4 proportion 
(percentage) 

②-3 index 
(standardization) 

②-2 accumulation 
(integral calculus) 

②-1 Differences 
(after-before) 
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Physical unit 1 (5) 

(basic capability 
indicators) 

 

 
Physical unit 2 (11) 

(activity indicators) 

Indicator for health 

Indicator for operation 
skill 

Indicator for Clothes 
and protector 

Indicator for motion 
status 

Indicator for 
maintaining and 
improving physical 
condition, education, 
and training 

Indicator for the 
structure of machine, 
equipment, robot 

 
 

Indicator for 
operation status 

Indicator for 
environment impact 
by operation 

Indicator for 
consumables status, 
amount of 
consumables 

Indicator for 
maintenance and 
replacement 

Indicator of 
ingredients of 
materials 

 
 

Indicator for 
consumption status 
(reaction, processing, 
assemble etc.) 

Indicator for 
environment impact 
by material 

Indicator for amount 
of consumables 

Indicator for waste 

Indicator for new 
materials/product 

Temporal unit (6) Indicator for operation 
time 

Indicator for personal 
history to maintain and 
improve physical 
condition, education, 
and training 

Monetary unit (7) Indicator for a title of 
account 

Indicator for saving 
costs to maintain and 
improve physical 
condition, education, 
and training 

Indicator for 
machine operation 
time 

Indicator for a 
record for 
maintenance and 
replacement 

Indicator for a title 
of account 

Indicator for saving 
costs for 
maintenance and 
replacement 

Indicator for lead 
time and delivery 

Indicator for a 
history of new 
product development 

 
 

Indicator for a title of 
account 

Indicator for waste 
cost 

Indicator for sales of 
new product 
development 

 
 

Emotional unit (2) Indicator for moral - - 

Indicator for employee 
satisfaction 

 

Non-italic: routine indicators, Italic: metabolic indicators 

 
company began operations in 1963. They primarily manufacture basic and functional chemicals to be 

utilized in industrial materials and cleaning material. Recently, the chemical plant have eagerly 

engaged in TPM activity. 

 
Table 2 shows the survey result of management indicators obtained from the materials on TPM 

activities of the case company. A total number of management indicators is 61. The most management 

indicators is by monetary unit in the both categories such as units obtained from the measurement of 
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production activities and units obtained from the processing measurement results of production 

activities. This indicates that the unit is systematized and the monetary results such as improving sales 

and reducing cost is required to TPM activities. On the other hand, a number of management indicators 

by emotional unit is 0 in the both categories. The development of management indicators of this area 

needs in the future because human is considered as basic and important resource of this activities. 

 
Table 2. Distribution of management indicators of case company. 

1. Units obtained from the measurement of production activities -1. Physical unit 15 

-2. Temporal unit 11 

-3. Monetary unit 20 

-4. Emotional unit 0 

2. Units obtained from the processing of measurement results of -1. Physical unit 3 
 

production activities -2. Temporal unit 1 

 -3. Monetary unit 11 

 -4. Emotional unit 0 

 
5.2 Designing management indicators by the proposed viewpoints (Step 2.2) 

 
In this sub-step, management indicators are tried to design for the target process in the chemical 

plant by the proposed viewpoints. The target process is located at the end of a pipeline and fills a drum 

can with liquid product for supply it to customers. The outline of this process is as follows. 

 
After the observation of the target process with receiving the illustration of the process from 

workplace leader, the brainstorming was performed to with the TPM secretariat of the case company. 

In the result, in spite of only one process, 105 management indicators could be extracted as shown in 

Table 3. It is understood that each management resources has the largest physical unit. The analysis 

differs from the result of Table 2. This indicates that KPI design has a possible to change by different 

positions. 

 
<Target process> 

 
Process: product filling process 

 
Operations in the process: conveying, rotating, positioning, filling, and sending out 

Number of workers: 3 

Parts: drum can (18 kg before filling operation, 198 kg after filling operation) 
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Management resources 
Human Machine Materials 

 

Table 3. Candidates of management indicators for investigated process of case company. 
 
 
 
 

Measurement units  

Physical unit 27 11 16 

Temporal unit 17 9 7 

Monetary unit 7 6 4 

Emotional unit 1 - - 
 

6. Conclusion Remarks 
 

This paper proposed the two viewpoints to develop management indicators for systematizing KPI 

design. The first is four measurement units of management indicators: physical unit, temporal unit, 

monetary unit, and emotional unit. The second is three management resources: human, machine, and 

materials. In order to confirm the utility of the proposed viewpoints, through the support of a chemical 

plant in Japan, the management indicators of TPM activities were investigated and the candidates of 

indicators were designed to effectively manage one process in a production line. The results of this 

paper indicates that well-balanced KPI design is important for effective use of management resources 

and management indicators will have a role to connect between top management and workplace in the 

era of IoT. 
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Abstract 

Function is very important concept to understand technical systems. It is defined as ‘specification 

of an action performed by a material object (Function Carrier) that results in a change or preservation 

of a value of an attribute of another material object (Object of the Function)’. (MATRIZ, International 

Association of TRIZ). This is ‘action’ oriented definition. But we need to see the result or outcome of 

the action to understand the technical system and define the core problem. 

In this paper author proposes two aspects of function definition to understand technical systems 

and define the problem with various perspectives. One is ‘action’ oriented definition and the other is 

‘result’ oriented one. This paper shows how these 2 definitions help people to solve problems 

effectively and creatively. 

 
Keywords: Function Carrier, Object of the function, Action oriented Function, Result oriented 

Function, Core problem. 

 
1. Introduction 

 
The meaning of existence of technical systems is “to perform the function” we need. It’s the main 

reason why people make technical systems. That’s why function analysis is so important to understand 

a technical system. We use the ‘ideality’ to qualitatively evaluate the development level of technical 

systems and define it as the sum of the useful functions which a system performs divided by cost and 

harmful functions. The value of a technical system is evaluated as the sum of its functions. 

 
There are several important TRIZ tools associated with the function such as FOS (Function- 

Oriented Search), Function Analysis and Trimming. Function-Oriented Search is a method or a tool 

for problem solving based upon identifying existing technologies in other areas of technology using 

function criteria. Function analysis is an analytical method to model technical systems and their 

supersystems in terms of functional carriers, objects of the functions, their functions, and the costs of 

functions delivery and system components. Function carrier is a material object that performs (delivers) 

a function. It can be either a substance, or a field, or a combination of both. A resulting Function Model 

of a technical system helps to better understand, extract, visualize, and categorize functional 

Yong Won Song 
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relationships in the system, to rank functions and identify problems. Trimming is a method for 

improvement of a technical system by removing (trimming) certain components and redistributing 

their useful functions among the remaining system or supersystem components while preserving 

quality and performance of the system. We can also define the contradiction as the case when a 

component performs a useful function and a harmful function simultaneously. 

 
MATRIZ(Valeri Souchkov, 2018) defines the function as ‘specification of an action performed 

by a material object (function carrier) that results in a change or preservation of a value of an attribute 

of another material object (object of the function). Function analysis slices the technical system into 

small simple unites which are delivered function created by substance-action-object, S-a-O (Karen 

Gadd, 2011). It’s very reasonable approach and this action oriented definition of function helps us to 

analyze a technical system and solve the problems effectively. This is the “Mini-Problem” solving 

technique, which TRIZ suggests to solve first with priority. In TRIZ society, Mini-Problem means a 

type of inventive problem definition which is obtained by imposing the following constraints on a 

given inventive situation: everything remains as is (without any changes) or becomes even simpler but 

the required positive effect is provided or the harmful effect disappears. Definition of Mini-Problem 

targets at obtaining a solution required with as minimal changes in the existing technical system as 

possible (Valeri Souchkov, 2018). But sometimes solving a Mini-Problem doesn’t satisfy us and we 

need a new approach-to solve a Maxi-Problem, which does not impose constraints on future inventive 

solutions. To define the Maxi-Problem we need another aspect of function definition, the 

result/outcome-oriented function. 

 
2. Two Aspects of Function for Technical Systems 

 
MTRIZ definition of function for a technical system is focused on ‘action’ of components (action- 

oriented function; AF), but what we really want from the technical system is not an action itself, but 

the action “result/outcome” in function (result-oriented function; RF). For example from the action 

point of view, the function of glasses is to refract light. But what we really want is to see clearly, the 

result of action between lens and light. Therefore TRIZ function analysis should be done in two 

respects; Action and Result/Outcome aspects. 

 
▪ 2.1 Action-Oriented Function 

 
The functional definition of the technical system in terms of action is the traditional technique in 

TRIZ society and very good method to understand the system and highlight problem places for any 

system or situation. This method will be briefly described as a general approach in TRIZ society. 

 
The steps of action-oriented function analysis are: 

 
(1) Components analysis 

 
- List the components of the system of interest (sub-system components) 
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- List the super-system components of the system, which have interactions with the system 

components. 

 
(2) Interaction analysis 

 
- Identify interactions between components (sub-system and super-system components) 

- It can be performed by creating a matrix 

 
(3) Function Modeling (Subject-action-Object (S-a-O) Model) 

 
- Subject is the active tool of an action, action provider 

- Object is the passive receiver of an action. It is changed in some way by this action from the 

subject 

- Action is provided by some kind of field between Subject and Object components. And the 

action is portrayed as transitive verbs 

 
The action-oriented function analysis is used not only to understand a technical system, but also 

to analyze and solve problems. All system problems can be shown by S-a-Os (harms, insufficiencies, 

contradictions). S-a-O model reveals the problem areas in which two or more components are 

harmfully, insufficiently interacted to each other. Any problems are identified with the concrete 

elements and the interactions between them. If we understand the nature of the problem through 

functional analysis, we can derive a variety of solutions with TRIZ tools. 

 
▪ 2.2 Result/Outcome-Oriented Function 

 
What people/customers want to get from a technical system is not the “action” itself, but the result 

of the action it does. Therefore, it is necessary to define the function and solve the problem from the 

viewpoint of the result. The “Result/Outcome-oriented Function (RF)” helps to get a new approach to 

the problem (Maxi-Problem approach). The action-oriented function and result/outcome-oriented 

function are closely related to each other and can be expressed as follows: 
 

Action Oriented Function 

S-a-O Model 
 

 

Result/Outcome 

Oriented Function 

Result: Parameter change 

(what human wants to get; need) 
 

Figure 1. Two aspects of function for technical systems, AF and RF 

 
RF can be expressed as 'human need' or 'what the human wants to get'. The result/outcome can 

be obtained by changing the parameters of the object by the action. For example, RF of a military 

helmet is to protect the head, while its AF is to block the bullet. RF of a fan is to cool the person, but 

AF is to move the air (make the wind). When solving the problems of a fan, we should focus how to 

Subject(Tool) Object 
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effectively move the air (AF). However, in some cases it may be necessary to come up with a solution 

that will satisfy the resulting function, “how to cool the person effectively”. 

 
CASE STUDY 

 
In the 1990s, a combo system was developed that can be used with both CDs and DVDs and 

installed in computers. Optical diodes that read CDs and diodes that read DVDs were different, and 

two LD light sources were installed, which made the system complex. CD lasers are typically AlGaAs 

semiconductor material with a wave length of 780nm and the DVD diode emits the light of the wave 

length of 650nm. Combo systems equipped with CD laser diodes and DVD diodes of different 

wavelengths are complicated to read data and arrive at a single detector to transmit information. 
 
 

 
Figure 2. CD-DVD Combo system. 

 
This technology was developed by a foreign company and patented at home and abroad. A key 

element of the technology is to use different lenses to guide light of different wavelengths to a detector. 

A Korean company tried to develop a combo system by avoiding this patent. Researchers have 

developed various optical systems to collect light of different wavelengths in a detector while avoiding 

existing patents (Kim Hyo Jun, 2009). They have also developed combo systems of using a beam 

splitter or hologram element. 
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Figure 3. Various CD-DVD Combo optical systems, developed by a Korea company. 

 
However, the developed optical system was difficult to avoid foreign patents. When researchers 

developed new technology, they focused mainly on the action-oriented function, ‘how to guide two 

lights emitted from different location into a detector” and tried to implement AF diverse and effectively. 

After many mistakes, engineers have defined the problem in terms of the RF, what do we want to get 

from the combo system?” What people want to get from this system is to read information from CDs 

and DVDs. Therefore, they switched the core-problem from "how to guide (refract) different lights to 

a single detector" to "how to read CD and DVD information while avoiding patents". The researchers 

were able to get a solution easily by considering how to realize the RF. Instead of using a complex 

optical system that refracts two lights emitted from different places into one place, two detectors are 

installed at the points where the two lights reach. It was a very simple but creative idea! 
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Figure 4. The idea that has been solved in terms of RF – two detectors were installed. 

 
The combo system with two detectors was able to reduce the cost by 40% compared with the 

existing system, because the number of optical lenses has been reduced from six to four, the number 

of joint points has been reduced from 38 to 26, and the number of adjusting joints has been reduced 

from 13 to 8. In addition, it increased the reliability by 33% and improved the productivity by 38%. 

The company reported that it earned $ 100 million over three years through this solution. 

 
3. Conclusions 

 
In TRIZ society, functions is analyzed by action. This function analysis helps to solve problems 

by approaching system problems with "Mini-Problem" perspective. However, defining a problem with 

a "Maxi-Problem" perspective and solving a problem in a technical system often leads to a more 

creative solution. Therefore, when analyzing the function of the technical system, it is necessary to 

think about the AF and the RF at the same time, to define the problem in two aspects and to draw out 

the solution. 
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Linking Managerial Coaching with Innovative Work Behaviors of 

Employees through Affective Supervisory Commitment 
 

 

 

 

 

 

Abstract 
 

Organizations in the era of globalization are promoting managerial coaching (MC) as human 

resource development practice to improve employees’ outcomes on the workplace. The existing 

literature on manager coaching lacks the empirical studies showing the linking MC with attitudes and 

behaviors of employees. To fill the abovementioned gap, this study explores the direct linkage between 

the MC and innovative work behaviors (IWBs) of employees as well as indirect relationship through 

the intervening role of affective supervisory commitment (ASC). The 250 surveys were sent to 

employees working in software industry of Pakistan, and 207 surveys were received back from the 

respondents, and response rate was approximately 83%. The findings shown that managerial coaching 

had positive influence on the innovative work behaviors among employees. Results also shown that 

ASC mediated the link between MC and IWBs. Affective supervisory commitment as mediator has 

not been tested yet between the linkage of MC with IWBs. The implication and limitations are also 

discussed. 

 
Keywords: Affective supervisory commitment, innovative work behaviors, managerial coaching 

 

1. Introduction 
 

Managerial coaching is becoming popular in the current age and a lot of researchers are focussing 

on this area from last several years. Researchers are making both theoretical and empirical researches 

and number of these researches increasing rapidly. These researches are providing general criteria of 

MC over how it should work, on the other hand detailed investigation is still required (Beattie et al, 

2014). Coaching plays an important role in strategies of now a day’s organizational performance. 

International coaching federation (ICF, 2013), says no one is focusing over empirical research of MC 

even a lot of organizations are spending huge amount over it from last 10years which is approximately 

$2 billion per year (Beattie et al., 2014). 
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Coaching is highly increased by managers. According to UK managers, 80% of UK organizations 

expects from their managers to provide coaching to their employees (CIPD 2015). A lot of other 

countries are also following this trend like China (Wang, 2011), Pakistan (Ali et al 2018; Ali and Lodhi, 

2018), Korea (Kim, 2014), Sweden (Rapp-Ricciardi, Garcia and Archer, 2018). According to Fatien 

and otter (2015), new trends have emerged; first, a luster of responsibility of human resource managers 

would be transferred to managers; second, learning and development of employees will be increased 

and would be facilitated by managers; third, leadership culture will be increased and focused (Raza, 

Moueed, & Ali, 2018). When managers will motivate their employees with values and latest strategies 

in the light of organizational strategic goals, it shows that manages have skills and abilities to 

encourage, develop and support their employees as well as human resource functions will be shifted 

(Bainbridge, 2015). 

 
Herein referred MC as simple “coaching” and defined it as a process of transactional development 

which helps in improving short term performance which includes teaching, goal setting with the help 

of feedback (D‘Abate, Eddy, & Tannenbaum, 2003). It is one of the major organizational strategy and 

is known for the major asset which makes clear change in employee performance (Liu & Batt, 2010), 

problem solving solutions (Mulec & Roth, 2005), IWBs (Wang, 2013), organizational commitment 

(Elmadağ, Ellinger, & Franke; 2008), and job performance (Hagen & Gavrilova, 2012). Looking the 

theories of leadership and self-efficacy, coaching is considered as important model of leadership and 

it is being discussed in many contexts of leadership, general management and achievement of goals 

(Grant & Cavanaugh, 2004; Hamlin, Ellinger, & Beattie, 2006). 

 
Basically, behavior of managers leaves major impact over their subordinates, like 

transformational leadership and ethical behavior, it also has positive effect on managers as well as 

subordinates (Gannon & Hendrickson, 1973). Managers should devote their energies in developing 

their subordinates which is another managerial behavior and this area still needs investigation. 

Ellinger et al. (2003) argue that coaching doesn’t requires extra effort and it is not even a role behavior 

which should be necessarily done by managers, it can also be taken as motivating their employees not 

to over see their work and a good consumption of time. As well as, coaching also increases the sense 

of accomplishment in managers, so that, major purpose of current study is to find out and explore the 

process of engaging employees in practices of coaching and finding out new lines of coaching which 

is yet to be explored and considered (Raza, Ali, Ahmed, & Ahmad, 2018). 

 
When we look at organizational system factors, managers should know how to create innovative 

behavior in employees in organizational purpose and motivate sense of R&D in employees. Learning 

and performance of employees can also be increased through style of leadership (Jones, Rafferty and 

Griffin, 2006). In this way, interaction of managers with employees influence them in a way that 

supports and facilitates employees and results in positive behaviours and attitudes at workplace 

(Pastoriza, Ariño and Ricart, 2008). Another theory of uncertainty management theory says that 

uncertainty among employees at workplace can be reduced by assistance of managers (Rosen, Harris 

and Kacmar, 2011). 
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A model of leader-member exchange (LMX) describes the perception of employees about the 

behaviour of managers and its quality. It says that mutual trust and respect among employees and 

managers is high-quality LMX and low-quality LMX is vise versa leads employees to poor 

performance and negative perception about their workplace (Walumbwa, Cropanzano and Goldman, 

2011). Hackman and Wagemen (2005) argue that in regard of achievement of high-quality 

performance and consistent improvement managers should perform as team coaches, as well as should 

go beyond the normal roles of supervision and should not limit their selves in controlling position but 

should also educate their employees. Knowledge sharing behavior, feedback and recognition, advising, 

empowering and caring behaviour is considered as effective MC (Ellinger, Hamlin and Beattie 2008), 

which results the courage among employees about achievement of assigned task and positive 

perspective in all aspects. In Improvement of R&D employee’s innovative behaviour, one of the 

powerful tools is MC (Raza, Ali, Ahmed, & Moueed, 2017). 

 
Employees as members of organization develop commitment with their organization and 

supervisor as well (Becker et al., 1996). The employees perceive their leaders or supervisor as 

representative of the organization and their supportive behaviors are important determinant of 

subordinates’ commitment with the supervisor or organziation which result in their improved various 

work outcomes job satisfaction, and job performance (Huyghebaert, Gillet, Becker, Kerhardy, & 

Fouquereau, 2017; Vandenberghe, Bentein, & Panaccio, 2017; Chughtai, 2013). Therefore, this study 

aims explore the direct influence of MC on the IWBs of employees and indirect effect through ASC 

as well to understand that how MC is crucial for increasing and encouraging the innovation in the 

organizations. 

 
2. Literature review and hypotheses development 

 
▪ 2.1 Managerial coaching and innovative work behaviors 

 
The concept of coaching prevails in various field of study such as counseling, organizational and 

industrial psychology, sports psychology, clinical psychology, youth and adult education, and 

management (McLean, Yang, Kuo, Tolbert, & Larkin, 2005). Managerial coaching behaviors 

emphasis on advising, caring, empowering, recognition, feedback, and knowledge sharing; and MC 

can consider as strategy to overcome the poor performance in organizational context (Ellinger, Hamlin, 

& Beattie, 2008). An effective coach openly communicates with subordinates, give value people over 

tasks, rely on team approach rather individualistic approach, and accept ambiguity in the working 

conditions (McLean et al., 2005). Previous studies shown that manager-as-coach exhibits different 

behaviors as a facilitator of learning to enhance the employees’ learning and development of job- 

related skills (Ellinger & Bostrom, 1999), which in turn positively influences the job satisfaction and 

job performance (Elmadağ, Ellinger, & Franke, 2008).Therefore, coaching skills of managers 

influence subordinates’ learning and performance since concept of coaching applied to management 

literature (Wang, 2013). 
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MC has become crucial for such workplace that needs more innovative capabilities (Wang, 

2013). Nonaka (1994) argue that socialization activities are vital to amplify the employee tacit 

knowledge, and socialization between subordinates and managers can facilitate the coaching 

relationship. Employees need work-related and complicated tacit knowledge which exist within 

managers insights can be shared though informal interactions between subordinates and managers, 

particularly when employees need to execute innovative ideas or convert innovative ideas into explicit 

and viable product. Furthermore, empirical study reveals that innovative behaviors of employees are 

affected by manager’s orientation to encourage knowledge sharing-behaviors among employees 

(Cabrera, Collins, & Salgado, 2006). Consequently, MC should foster innovative behaviors, and 

facilitate employees’ learning on workplace caused by daily interaction between subordinate and 

manager. When employees found their manager helpful and supportive in the form of MC, they 

become more committed with pursuit of innovation in contrast to employees having perception of low 

MC (Wang, 2013). 

 
▪ 2.2 Managerial Coaching and Affective Supervisory Commitment 

 
“A global psychological state that describe the association between organizations and employees” 

is known as commitment (Meyer & Allen, 1991). The ultimate objective of commitment is concerned 

with employees behavior which shows the continuity of organizational membership (Meyer & 

Herscovitch, 2001). Literature shows affective (AC), continuous (CC), and normative commitment 

(NC) as major forms of organizational commitment (Meyer, Allen, & Smith, 1993). AC means “an 

employee’s identification with organization, involvement in, and emotional attachment to the 

organization”. NC is related to the ethical responsibility to show loyalty with the employer. Lastly, 

when an employee shows commitment with organization due to lack of alternative employment 

opportunities is called continuous commitment. These forms of organizational commitment predicted 

the various employee outcomes in different studies such as job satisfaction, job performance, 

intentions to stay, reduced turnover intentions, absenteeism, and health (Ali, Lodhi, Raza, & Ali, 2018; 

J. P Meyer, Stanley, Herscovitch, & Topolnytsky, 2002). 

 
▪ 2.2 Affective Supervisory Commitment as mediator 

 
The mediating effect of ASC has not been tested in the relationship between MC and IWBs in the 

previous studies. Existing literature explains the influence of ASC on different work related outcomes 

of employees like turnover intentions (Vandenberghe, Bentein, & Stinglhamber, 2004), such as 

productivity and organizational citizenship behavior (Chen, Tsui, & Farh, 2002). Task performance 

includes “technical core behaviors in organizations” and contextual performance includes “supports a 

broader organizational, social, and psychological environment where technical core functions occur” 

(Motowidlo & Van Scotter, 1994). The intervening role of ASC has been studied among the 

association of psychological contract of employees with their OC (Kidron, 2018). ASC positively 

influenced the various attitudes and behaviours of employees such as feedback seeking, innovative 

behaviors on workplace, and error reporting. He reasoned that when supervisor interact with 

subordinates and provide timely feedback, focus on their personal issues, show concern for their career 
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development in the organization, which in turn increase their above-mentioned outcomes. As 

mentioned earlier, the behaviors of manager as a coach can increase their ASC which lead toward 

IWBs (Chughtai, 2013). The following theoretical framework and hypotheses are proposed on the 

basis of above discussion: 
 

 
Figure 1. Hypothesized conceptual framework. 

 
Hypothesis 1: MC positively influences the innovative IWBs. 

Hypothesis 2: MC positively influences the ASC of employees. 

Hypothesis 3: Employee ASC is positively associated with IWBs. 

Hypothesis 4: MC indirectly influences the IWBs through ASC. 

3. Methods 
 

▪ 3.1 Sample and data collection 

 
The population of this study consisted of employees of working in five different software houses 

located in the Lahore, Pakistan. We contacted the top executives of theses companies and explain the 

purpose of ours study to get permission for data collection through convenience sampling. The 

employees working in the software need to be more innovative to survive in the industry. The managers 

were considered as coach and employees were considered as coachee. The 250 questionnaires were 

distributed to employees, and 207 individuals participated in the study through filling questionnaires 

with 83% response rate. The item-respondent ratio (1:5) was used to determine the sample size (1: 

6.90) which exceeded the recommended ratio (Bentler & Chou, 1987). We followed up the respondents 

through telephone and emails and data collection was completed in two weeks. 

 
▪ 3.2 Measurement 
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Park et al. (2008) scale consisted of 20-items was used to measure the managerial coaching skills, 

which was modified and improved from the original scale of McLean et al.’s (2005). Manager-as- 

coach provides coaching to subordinates which was assessed in this study. This scale consisted of five 

subscales having four-items for each that measure five dimensions of MC. A sample item for open 

communication includes “When I share my feelings with my manager, my manager appears to be 

comfortable”. A sample item for team approach includes “When a decision is to be made, my manager 

prefers to participate with others to determine the outcome”. A sample item for value people over task 

includes “In discussion with me, my manager focuses on my individual needs”. A sample item for 

accept ambiguity includes “My manager views differences of opinion as constructive”. A sample item 

for facilitate development includes “My manager appears to view learning and development as one of 

his/her major responsibilities”. The overall Cronbach’s α for this instrument was .89. We used five- 

point Likert type scale ranging from 1 (strongly disagree) to 5 (strongly agree). 

 
De Jong and Den Hartog (2010) scale was adopted to measure the innovative work behaviors of 

employees consisted of five-items. A sample item is “In your job, how often do you make suggestions 

to improve current products or services?”. ASC was measured using five-item scale of Clugston, 

Howell, and Dorfman (2000) (e.g., “I would be very happy to spend the rest of my career working 

with my current supervisor”. Employees rated their behaviour on five-point Likert type scale ranging 

from 1 (strongly disagree) to 5 (strongly agree). 

 
▪ 3.3 Analysis Strategy 

 
The analysis has been done in this study using version 22 SPSS and AMOS. The confirmatory 

factor analysis (CFA) for evaluating the measurement model and hypotheses were tested by applying 

SEM (structural equation modelling). 

 
4. Results 

 
▪ 4.1 Study Sample characteristics 

 
In this study, out of total 207 respondents, the male respondents were (71.9%) and female were 

(28.4%). The age of (37.19%) respondents was between 26-30. Furthermore, (39.61%) respondents 

were master education. The job experience of (36.25%) respondents was above 10 years. 

 
Table 1. Demographics of respondents. 

 
 

 Total 

Frequency % 

Gender Male 149 71.9 

Female 58 28.4 

Age 21-25 20 9.66 

26-30 77 37.19 
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 31-35 54 26.08 

Above 35 56 27.07 

Education 14 Years 95 45.89 

16 Years 82 39.61 

18 or Above Years 30 14.5 

Job Experience <1 Year 29 14.00 

 1-5 Years 59 28.50 

 6-10 Years 44 21.25 

 Above 10 Years 75 36.25 
 

▪ 4.2 Measurement Model Evaluation 

 
The reliability, convergent and discriminant has been showed in table 2. The reliability has been 

assessed through Cronbach’s alpha, all three variables has >0.70 Cronbach’s values. So, the data is 

reliable for further analysis (Kline, 2005). The convergent validity has been assessed through 

composite reliability (CR) and average variance extracted (AVE). According the Fornell and Larcker 

(1981), the values of CR and AVE should be greater than 0.70 and 0.50 respectively. So, in this, the 

convergent validity is satisfied, because the values of CR >0.70, and AVE were >0.50. The 

discriminant validity is assessed through square root of AVE. According to Fornell and Larcker (1981), 

the values of square root of AVE should be greater than correlations among variables. In the main 

diagonal the values of square root of AVE was higher than correlations of variables. 

 
Table 2. Cronbach's alpha, correlations, and extracted variance. 

 
 

Variables 
Mean SD CR AVE Cronbach’s 

Alpha 
1 2 3 

1. Managerial 

Coaching 
3.51 0.34 0.89 0.59 0.77 (0.77) 

  

2. Affective 

Supervisory 

Commitment 

 
3.43 

 
0.44 

 
0.90 

 
0.57 

 
0.81 

 
0.32** 

 
(0.75) 

 

3.Innovative 

Work 

Behavior 

 
3.49 

 
0.58 

 
0.92 

 
0.53 

 
0.82 

 
0.42** 

 
.34** 

 
(0.73) 

 
**p<0.01, *p<0.05. 

 
The measurement model has been checked through confirmatory factor analysis (CFA). 

According to Anderson and Gerbing (1988), there is necessary to perform CFA before doing structural 

model for testing hypotheses. The fit indices values of measurement model shown good fit in the study 

(χ2 = 168.225, df = 65, χ2/df = 2.588, RMSEA = .056, NNFI = .97, CFI = .95). The values showed 
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good fit because these are under the suggested limits (χ2/df< 3, RMSEA<0.08, CFI>0.95, NNFI>0.95) 

(Bagozzi & Yi, 1988). The values of CFI and NNFI≥ 0.90 also suggested good fit by Cheung and 

Rensvold (2002). 

 
▪ 4.3 Structural Model Evaluation 

 
The structural model has been used for testing the hypotheses in this study. The fit indices values 

shown good fit in the study (χ2 = 206.665, df = 87, χ2/df = 2.375, RMSEA = .039, NNFI = .95, CFI 

= .94). In table 3, there is found positive impact of MC on IWBs and supported H1 with (β= 0.21, 

p<0.05). Furthermore, there is also found positive impact of MC on ASC and supported H2 with (β= 

0.28, p<0.05). The third hypothesis also supported in this study, there is a positive impact of ASC on 

IWBs with (β= 0.30, p<0.05). 

 
Table 3. Results of Structural Model. 

 
 

 
Hypothesized Paths 

Path 

Coefficients 

Observed 

t-value 

P 

value 

 
Hypotheses 

 
H1 

 
MC 

 

 
 

 
IWB 

 
0.21 

 
4.09 

 
*** 

 
Supported 

 
H2 

 
MC 

 
 

 

 
ASC 

 
0.28 

 
6.26 

 
*** 

 
Supported 

 
H3 

 
ASC 

 
 

 

 
IWB 

 
0.30 

 
5.88 

 
0.02 

 
Supported 

*** Significance at p<0.001 ** significance at p<0.01 * significance at p<0.05 

 
The mediation has been checked through structural model. The first structural model was used 

direct effect and second for indirect effect between the MC and IWBs through ASC (Iacobucci, 

Saldanha, & Deng, 2007). 

 
▪ 4.4 ASC as Mediator 

 
It has been checked the mediation model with the help of fit indices. The fit indices values shown 

good fit in the study (χ2 = 206.665, df = 87, χ2/df = 2.375, RMSEA = .039, NNFI = .95, CFI = .94). 

The direct effect of MC and IWBs is significant, which is showing in table 4. On the other hand, 

indirect effect of MC on IWBs through ASC also significant. So, we can say that affective supervisory 

commitment has partially mediated the independent and dependent relationship in this study, which 

supported H4. 

 
Table 4. Direct and Indirect Path Coefficients of Mediation Model. 
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Paths Direct effect 
Indirect effect via Affective 

Supervisory Commitment 

Total 

effect 

H4 
MC 

 

 IWB 
0.21* 0. 17* 0.38* 

 

5. Discussion and Conclusions 
 

This study evaluated two paths; direct and indirect influences of MC on IWBs, the direct 

influence of MC on IWBs, and indirect influence though the ASC commitment. We have used data of 

207 employees, as expected, SEM analysis showed that all of our hypotheses, H1, H2, H3 and H4 

were supported. It showed that MC and IWBs have positive relationship and these findings are 

consistent with the result of previous studies (Wang, 2013). According to findings of our study, it is 

also confirmed that having ability of affective supervisory commitment plays important role as 

mediator between managerial coaching and IWBs. Moreover, software industry of Pakistan has 

effectiveness of managerial coaching because past studies shows that in the high-power distance 

culture managerial coaching might not effective like low power distance culture or western culture 

(Rosinski, 2003). 

 
The result showed that MC has become an effective managerial practice, organizational 

development strategy, and cost-effective training method to sharpen the skills of employees to survive 

in the dynamic and complex organizational environment. When a manager realizes his role as coach, 

he/she prefers the needs of individuals on the organizational tasks, subordinates can easily 

communicate the ideas with their supervisor, they promote the team culture in the organization because 

individuals have more learning opportunities as team members. Organizations are heavily relying on 

different teams which are playing important role to deal with the unseen problems. The managers as 

coach have acknowledged the shift in their conventional role toward the facilitators of learning among 

the subordinates. Theses behavior of manager are vital to promote the significance of the innovation 

among employees. The subordinates need manager support in the form of coaching to become more 

flexible and innovative worker in the organization. These coaching behaviors of managers also 

enhance the satisfaction and their commitment with the leader or manager which lead toward the 

important work outcomes of employees such as IWBs. Therefore, the managers looking for increased 

affective commitment among the subordinates and innovative behaviors to increase the organizational 

effectiveness, can use their coaching skills and behaviors. 

 
▪ 5.1 Practical Implications 

 
The findings of study have several implications for the management, supervisors, and employees 

within the organizations. The management need to develop the supportive culture in the organizations 

where managers’ coaching behaviours have reward for managers. The managers playing active role as 

coach should be differentiated form the managers with poor coaching skills or not executing the 

coaching behaviors on the workplace. Importantly, since the coaching have become a famous HRD 

technique, leadership style, and OD strategy, the recruitment process has significant implications for 
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the hiring of managers with coaching skills. The managers or leader needs to realize the importance 

of their coaching behaviors to improve the subordinates’ attitudes and behaviors like ASC and IWBs. 

The organizations need perpetual innovation to survive and compete in this era of globalization. 

 
▪ 5.2 Limitations and Future Directions 

 
This research has limitations in many ways, First, the sample was consisted of the software 

industry of the Pakistan, therefore, the result of the study cannot be generalized to other industries and 

cultures. Therefore, findings of the study will be carefully applied in other culture and industries. 

Secondly, the self-reported data were collected from the individual respondents for both dependent 

and independent variable, yet this is most commonly used data collection method used by the 

researchers for the data collection around the globe (Nair, 2007). This study tested only ASC as 

mediator in the relationship between MC and IWBs, future studies can test various mediating variables 

like psychological empowerment, psychological wellbeing, psychological capital and moderating 

variable such as tenure, and experience in the industry. The future studies can dyadic relationship data 

from both the manager and subordinates. 
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Abstract 
 

The invention provides a chair with a desktop and a chair back, it includes a seat and a chair board . 

The seat has a body for sitting on it, the seat plate is set in the seat body and is in an upright position 

or a horizontal position Transformation between flat positions. When the seat board is in the upright 

position, it is erected on the rear side of the seat body, and can be used as the back of the chair at this 

time; When the seat board is in the horizontal position, it is horizontally placed on the seat body, and 

can be used as a table on the chair. The position of the chair plate can be changed to achieve the 

function of the table top and the back of the chair. 

 
The invention can solve the problem that the school desk and chair occupy space, the seat height 

cannot be adjusted, and the desktop is too small to be convenient to use. Make it easier for students to 

use desks and chairs. 

 
Keywords: TRIZ integrated chair transformation telescopic 

 
1. Introduction 

 
. An observation of the classroom reveals that students perform a large number of activities 

and spent most of their time at school furniture. The ergonomic considerations become very 

important for school furniture.The importance of ergonomic design for users has been 

gradually accepted by people from all walks of life. The ultimate purpose of product design is 

to satisfy users’ needs. Users’ needs would be truly satisfied only when products are designed 

for “users” in compliance with human requirements and behaviors, thereby creating a user- 

friendly environment. Wide variations in body size exist among students. Hence, desks and 

chairs designed for their use should not only be beautiful, practical but also comfortable for 

their body size. 

 
At present, the common desks and chairs in colleges and universities in Taiwan have the 

following types. Some desks and chairs are inconvenient to enter and exit. As shown in Figure 

1 and Figure 4, Some desktops are too small as shown in Figure 2, some movements are 

inconvenient as shown in Figure 3.. 
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Figure 1 Cram school desk and chair Figure 2 Folding desk and chair 
 

 

 

Figure 3 Separate desk and chair Figure 4 Lecture hall chair 

 
The purpose of this study is to improved design for college desks and chairs as follows: 

 

(1) Desks and chairs can be connected and separated。

(2)The desktop area can be increased。 

(3) Desks and chairs are adjustable。 

 
2. Literature Review 

 
2.1 Research on school desks and chairs. 

 
The ideal and comfortable desks and chairs should start from the discussion of the ideal sitting 

posture. Many scholars have done relevant research on the ideal or the correct sitting posture. 

[9,12,16], some scholars also explore the comfort of sitting from the behavior of sitting posture. The 

subjective and comfortable height of the table and chair is also the focus of the discussion [21], and 

the thigh activity space also directly affects the comfort of sitting posture [8]. 

Related research on desks and chairs, foreign scholars in the human body measurement size 

[2,7,11,16,18], and design related human factors engineering research [6,8,10,19,20], continued 

Constant research and funding. According to the research results of Lin Rongtai and Tang Yuyu 
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[15] , the three main factors affecting the subjective preference of desks and chairs are: "comfort 

level", "design level" and "storage space". Among them, the "comfort level" is standardized with 

61% importance, the "design level" is 23% and the "storage space" is 16%. "Comfort level" is the 

most important factor affecting the preference of desks and chairs. The rest is directly or indirectly 

related to the "design level". An ideal desk and chair must be "comfortable" to sit up, look 

"beautiful" and have a well-designed "storage space". 

 
2.2 Patent Search Analysis and Avoidance 

 
Patent Analysis refers to the statistical analysis of various patent-related materials into a variety 

of graphical information and chart message that can be analyzed and interpreted. Patent analysis refers 
to the method of statistical analysis, analysis and comparison of various information related to patent 
documents, thereby presenting various chart information, patent information and intelligence for 
enterprises to explore the relationship between technology exhibition and resource allocation.[24] 
Patent analysis is the conversion of patent data into more valuable information, also known as patent 
map. It is an effective tool for scientific and technological research and development planning and 
intellectual property rights management. It can be used as technology competition analysis, technology 
trend analysis, and power scope judgment.[5] 

Patent Avoidance is a study of how to avoid patents of others. When R&D personnel are developing 
new technologies, first, R&D personnel should first analyze relevant patent technologies to understand 
whether they will infringe on others' patents. After the R&D personnel understand that new products 
will infringe those patents, they should study how to avoid these patents and avoid patent infringement. 
Since infringement of others' patents may require the company to pay royalties and subject the 
company to others, R&D personnel should study how to circumvent patents, which is necessary for 
developing new products. When developing new products, enterprises often have problems with lack 
of research and development resources and difficulties in obtaining technology. If the overall resources 
can be properly concentrated to effectively avoid the design of market-leading products, it is easy to 
enter the market with market follow-up strategies to obtain benefits. [4] 

 
 
 
 
 

2.3 TRIZ Method 

 
TRIZ is the abbreviation of Russian Teoriya Resheniya Izobretatelskikh Zadatch. TRIZ English full 

name is "Theory of Inventive Problem Solving". TRIZ was developed by Russian scholar Genrich 
Altshuller as a patent auditor during the former Soviet Navy Patent Office. He studied the nearly 
200,000 patent works and summarized the innovative invention logic of the patent invention and its 
commonality. After Genrich Altshuller released his research results, he attracted many people to join 
the research. It is conservatively estimated that more than one million patents use this method for 
inductive research [22].The basic tools of TRIZ include 39 engineering parameters and contradiction 
matrix analysis, 40 invention principles, resource analysis, 76 standard solutions, substance- field 
analysis and six major resources .[25]. 
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TRIZ 

generic problem 

TRIZ 

generic solution 

 

The theoretical framework that Altshuller constructed for TRIZ is to construct one or more 
classification systems for the invention problems, The expression of the solution is confirmed for each 
category of problem. [22]. As shown in Figure 5, the specific problem is abstracted into the type of 
TRIZ generic problem. Then the generic problem type is applied to the TRIZ generic solution by using 
the TRIZ theory. Finally, the TRIZ standard solution is turned back to the solution of the specific 
problem.. 

 

 
 

  
 
 

Figure 5 TRIZ problem solving method 

 
TRIZ divides contradictions into two categories: physical contradiction and technical 

contradiction. In solving the problem, we must first understand whether this contradiction is a 

technical contradiction or a physical contradiction. Technical contradictions are solved using 39 

engineering parameters and 40 invention principles; physical contradictions are resolved using 

separation strategies [24]. The first major breakthrough that Altshuller analyzes from many patents is 

technical contradiction. The existence of technical contradiction often causes the parameter B to 

deteriorate when trying to improve a parameter A. In the past, when encountering contradictory 

problems, most of them are Take a compromise or compromise, but this is not considered in the 

innovation of invention, a good invention should be to make both parameters forward positive [22] 

 
Altshuller sums up 39 engineering parameters in the analysis of these technical contradictions, 

and the 40 invention principles commonly used in various patents. Through the contradiction matrix, 

it can help to reduce another conflict. . The contradiction matrix is a matrix of 39 × 39, the horizontal 

axis represents 39 defects to be improved, and the vertical axis represents 39 defects that are 

deteriorated, as shown in Table 1. The proposed solution to the contradiction matrix is the most 

commonly used of the 40 innovation principles. The detailed description of the 39 engineering 

parameters and the 40 innovation principles can be found in the reference [24] 

 
Table 1 example of the contradiction matrix 

specific solution specific problem 
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Desk and chair 

improved design 

Design requirement 

definition 

Patent Search and 

Analysis 

 

 
 

(Source[26]) 

 
There are several steps to import the contradiction matrix: (1) Describe the problem to be solved in 

words and try to find out the cause of the contradiction. (2) Find the parameters to be improved on the 

horizontal axis of the table. (3) Find the parameters that prevent deterioration in the vertical axis of the table. 

(4) Use the matrix to find the intersecting squares of the two contradictory attributes, and obtain the 

corresponding invention principles in the square. (5) Turn the corresponding invention principles into 

possible solutions to the original problem. 

 
 
 
 
 

3. Methodology 

 
This study adopts design requirements survey and patents analysis , introducing TRIZ method 

theory to establish contradiction matrix , combining the resulting invention principles with feasible 
analysis, combined with human factors engineering design, finally complete the preliminary 
design prototype and then realize the prototype. The research process is shown in Figure 6. 
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Figure 6.The research process 
 

 
3.1 Design requirement definition 

 
According to the research results of Lin Rongtai and Tang Yuyu [6], the three main factors 

affecting the subjective preference of desks and chairs are: "comfort level" and "design level" 

and "storage space.". Among them, the "comfort level" is standardized with 61% importance, 

the "design level" is 23% and the "storage space" is 16%."Comfort level" is the most important 

factor affecting the preference of desks and chairs. The rest is directly or indirectly related to 

the "design level". An ideal desk and chair must be "comfortable" to sit up, look "beautiful", 

and well-designed "storage space". 

 
The ninth question in the study for 44 junior college students - what are the basic functions 

you would like for an ideal desk and chair? The results of the questionnaire are: large storage 

space (24%), table and chair connection (16%), table and chair separation (16%), desktop 

increase (15%), adjustable (13%), seat increase (12 %), safety (3%) and others (1%). Among 

them, "desktop increase" (15%), "adjustable" (13%) and "seat increase" (12%) accounted for 

40% of the "comfort level". It can be seen that "comfort level" is the most important item 

affecting the preference of desks and chairs. 36% is directly or indirectly related to "design 

level" and "large storage space" is 24%. The results of the above subjective preference 

assessment are consistent with the results of the questionnaire survey, that is, an ideal desk and 

chair for junior colledge student must be "comfortable" to sit, look "beautiful", and well- 

designed "storage space". [13 , 14]. 

 
Therefore, this study cites the above findings for the "comfort level" and "design level" as 

the theme of improvement: 1. The desks and chairs can be connected and separated. 2. Desktop 

increase. 3. The desks and chairs are adjustable. 

 
3.2 Patent Search and Analysis 

 
In this study, the website of Global Patent Search System [27] was used to search for related 

patent documents about desks and chairs, and the following five related items were found by 

 

TRIZ Contradiction 

Matrix and Application of 

Invention Principles 

Concrete prototype 

design 

Designing Around of 

patents 
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keyword “desks and chairs”, storage, “table and chair” and folding search. The patent 

documents for conditional requirements are separately listed for analysis. 

 
1. Patent No: TWM409749U Patent Name: The back-rests of chair which can change into desk 

Date of Filed: 20101104 

 
The device is a seat device having a seat back convertible to a table top. The device 

comprises a seat set and a seat back, the seat back is fixed on the seat by a bracket, the seat 

set comprises a seat and a tripod, the seat back comprises a detachable frame, a coupling 

device set and a hook. The utility model is characterized in that a fixed joint device composed 

of a coupling device group is arranged beside the seat, the seat back can be rotated into a desk, 

and the back of the desk can be fixed by the hook. The detachable non-mirror copper bracket 

is provided with a cymbal, a wire and a hole for fixing the skeleton of the screw, and the 

skeleton is provided with a foldable device, thereby forming a seat which is convenient for 

the student to convert the seat back to the table at any time. The desktop of this creation can be 

closed to the back of the chair after use, and the person who uses the user can easily stand and 

leave, and the desk chair device which has the advantages of saving space and not being heavy. 

As shown in Figure 7 
 

 
Figure 7 The back-rests of chair which can change into desk 

2. Patent No: CN104905587A Patent Name: Folded computer desk chair Date of Filed:20101104 

The invention is a folding computer table and chair. The structure comprises: a chair panel, 

a chair leg, a folding pull tab, a seat back post, a twist knob, a circular sleeve, a square rod, a 

knob handle II, a table top, a square sleeve; In order to facilitate transportation, the present 

invention needs to be folded up, and the folding process is like this. First, the twisting handle 
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II is loosened, and the table top, the square sleeve and the knob 1l are taken out from the 

square rod; the folding pull tab can be pulled. , the four legs are close to the chair panel; the 

square rod is rotated about 270 angle around the back column of the chair through a circular 

sleeve. That is, the square rod is almost close to the back column of the chair, and then the 

table top and the twisted handle II are sleeved into the square rod through the square sleeve: 

by pulling the folding pull tab, the back column and the table board are tightened together to 

the seat panel, thereby The invention is folded together. The invention has the beneficial 

effects that the table and the chair are integrated, the folding is easy, the occupied space is 

small, and the transportation is convenient. As shown in Figure 8 
 

 
(a) Overall structure diagram (b) Schematic diagram of another angle after folding 

Fig 8 Folded computer desk chair 

3. Patent No: TW359112U Patent Name: Improvement of retractable class room desk and chair Date 

of Filed: 19980825 

 
This creation is about the improvement of a retractable desk and chair. The main part is 

composed of a positioning seat and an extension seat. The bottom frame of the positioning seat 

has no positioning holes, the front frame of the bottom frame is provided with a front frame, the 

top frame of the front frame is provided with a top frame, and the top frame soil is provided with 

a sliding rail and a sliding frame. The table is arranged on the rail, and the frame of the extension 

seat is inserted into the bottom frame of the positioning seat without the leading edge section, and 

the elastic button is arranged in the front edge section, and the elastic button can be buckled in the 

positioning hole of the bottom frame, and the extension seat is The frame is further equipped with 

a seat board and a backrest. Thereby, the distance between the extension seat and the positioning 

seat can be adjusted to adjust the comfortable stretching space of the foot, and the table can be 

extended front and rear to adjust the proper distance between the body and the table, which is 

ergonomic design form, and is sincerely a very practical creation. As shown in Figure 9 
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(a) Schematic diagram (b) The desktop is stretched backwards 
 

Figure 9 Improvement of retractable class room desk and chair 

 
4. Patent No: CN201088280Y Patent Name: Adjustable desk and chair Date of Filed: 20070831 

 
The utility model relates to an adjustable desk and chair. The desk and chair are connected by a 

telescopic adjustable structure, which can adjust the distance between the desk and the chair. The front 

end of the desktop is provided with an adjustable bracket, which can adjust the sitting posture of the 

human body to effectively prevent myopia. The inclination of the backrest of the chair is adjustable, 

and the height of the sitting posture is similar, and the tightness can be adjusted arbitrarily to correct 

the sitting posture of the human body. The desk foot and chair foot can be extended, and the height of 

the table and chair can be adjusted according to different needs. As shown in Figure 10 
 
 

 

 
(a) Schematic diagram of the new structure (b) Schematic diagram of the rear view structure 

 
Figure 10 Adjustable desk and chair 

 
3.3 Designing Around of patents 

 
We present a summary table for the functional properties and main thinking of the above four 

patents to compare them. As shown in table 2. 
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table 2: patent/function/Attribute Search Summary 
 
 

ID/patent # Functional/ attribute Key Idea Attachment/diagram 
P1/TWM409749U Detachable bracket (2), Convenient to convert the 

 

 fixed coupling device (5) back of the chair to the 
 coupling device group, desktop at   any   time, 
 cassette and corresponding saving space and not too 
 hole; reverse the seat back heavy 
 90 degrees to the parallel  

 table, reverse the back of  

 the chair 30 or 60 degrees  

 or other suitable  

P2/CN104905587A Folding pull tab (3) Desk and chair are 

 

 straightening/recovering, integrated, easy to fold, 
 twisting handle I(5) take up small space, easy 
 loosening/tightening, to transport 
 twisting handle II (8)  

 loosening/tightening,  

 square rod   (7)   through  

 circular sleeve (6) rotate  

 about 270° around the back  

 column (4)  

P3/TW359112U The two   bottom   frames Adjustable to the  

 

 (11) of the positioning seat comfortable stretch of the 
 (10) are provided with a foot and the appropriate 
 plurality of positioning distance between the 
 holes (111) for allowing the body and the table, 
 extension seat (20) to move ergonomic design 
 forward and backward to  

 adjust the distance; the top  

 frame (15) is provided with  

 a sliding rail (16) and a  

 sliding rail ( 16) The top is  

 placed at the bottom of the  

 table (17). Can move back  

 and forth   to   adjust   the  

 distance  

P4/CN201088280Y The connection between the table 

1 and the chair 2 adopts a 

telescopic adjustable structure, 

and the distance can be adjusted 

arbitrarily. Adjustable posture 

frame 3, which can adjust the 

sitting posture of the human body. 

Adjustable strap 5, can adjust the 

tightness and correct the sitting 

posture. The legs 7 and the legs 6 

are provided with an adjustment 

screw 8 

The distance between the table 

and the chair can be adjusted 

arbitrarily, and the inclination of 

the backrest of the chair can be 

adjusted according to different 

needs. The hook of the chair on 

the side of the table, the glove 

box and the net pocket can store 

the student equipment. 
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Next, we refer to the common patent avoidance design strategy (Nydegger and Rechards, 2000) 

as shown in Table 3. This table includes Elimination (elimination of redundant technical 

components), Replacement (replacement of existing technical components with new technical 

components, and Having an essential difference between new technical components and existing 

technical components), Integration (combining at least two technical elements into one technical 

element, and the combined technical elements are substantially different from the existing technical 

elements),and Decomposition( decomposes a single technical component that can achieve multiple 

functions into multiple technical components to achieve the original function, and the decomposed 

technical component is substantially different from the existing technical component). 

Table 3. Design around patent strategy 

Design-around method Original patent technical features → 

technical characteristics after avoidance 

Description 

elimination A+ B+ C+ D→A+ B+ C Avoid all elements rule 

replacement A+ B+ C1+ D1→A+ B+ C2+ D3 Technical characteristics C1≠C2 

Technical characteristics D1≠D3 

Avoid all elements rule 

Avoid doctrine of equivalents 

integration A+ B+ C+ D→A+ B+E Technical characteristics C+ D≠E 

Avoid all elements rule 

Avoid doctrine of equivalents 

decomposition A+ B+ C+ D1→A+ B+ C+ D2+ D3 Technical characteristics D1≠D2+ D3 

Avoid all elements rule 

Avoid doctrine of equivalents 

 
This study makes necessary patent avoidance design thinking on the patent function attributes 

shown in Table 1, and then proceeds to follow the TRIZ-based innovation to improve the design. 

 
3.4 TRIZ Contradiction Matrix and Application of Invention Principles 

 
As mentioned earlier, This study has three improvements on the design subject of college 

students' desks and chairs.: 1. Desks and chairs can be connected and separated. 2. the desktop 

area can be increased 3. Desks and chairs are adjustable. This study uses technical 

contradictions,physical contradictions and Inventive principles to improve. 

 
3.4.1 Improvement theme 1: Desks and chairs can be connected and separated 

 
. This is a physical contradiction of functional characteristics, and the separation principle 

is an operator that solves physical contradictions. (A) represents the link, (-A) represents the 

separation. The standard procedure for solving the physical contradiction by the separation 

strategy is described as follow: 
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Step 1: Space 

 
Where do I need to connect? Desks and chairs 

Where do I need to separate? Desks and chairs 

Step 2: Time 

 
When do I need a link? Writing and sleeping 

When do you need to separate? leave the seat 

This is a case of time separation. According to the inventive principles for time separation 

and the applicability of this study, 15# Dynamics principle can be used. With #15c If the object 

or system is inactive, it can be made active or interchangeable, such as a bendable USB, 

adjustable object. , folding objects 

 
3.4.2 Improvement theme 2: the desktop area can be increased。 

 
In response to this theme, this study uses innovative technical contradictions and 

contradictory matrices to innovate and improve design: 

 
For analyzing “the desktop area can be increased”. the parameter needs to be improved is 

 
05# Area of moving object and the corresponding contradictory parameter should be worse 

is 01# moving part weight. 

Based on this, four principles of innovation can be obtained which are 02# Extraction, 17# 

Another dimension, 29 # Pneumatics and hydraulics and 04# Asymmetry 

05# VS 01# -- (2,17,29,4) 

Applicability assessment for those proposed principle 

1. 02# Extraction principle: Separate an interfering part or property from an object, or 

single out the only necessary part (or property) of an object. It is applicable for this 

study. Separate the desktop from the table and increase the desktop area. 

2. 17# Another dimension principle: To move an object in two- or three-dimensional space. 

It is applicable for this study. Turn the desktop into a flip design 

3. 29 # Pneumatics and hydraulics principle: Use gas and liquid parts of an object instead 

of solid parts (e.g. inflatable, filled with liquids, air cushion, hydrostatic, hydro-reactive). 

It is not applicable for this study. 

4. 04# Asymmetry principle:Change the shape of an object from symmetrical to 

asymmetrical. It is applicable for this study. Human factor design 

 
3.4.3 Improvement theme 3: Desks and chairs are adjustable 
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For analyzing “Desks and chairs are adjustable”. the parameter needs to be improved is 

35# Adaptability or versatility and the corresponding contradictory parameter should be 

worse is 36# Device complexity. 

Based on this, four principles of innovation can be obtained which are 15# Dynamics, 29 # 

Pneumatics and hydraulics , 37# Thermal expansion, and 28# Replace a mechanical system 

35# VS 36# -- (15, 29, 37, 28) 

Applicability assessment for those proposed principle 

1. 15# Dynamics principle: Allow (or design) the characteristics of an object, external 

2. environment, or process to change to be optimal or to find an optimal operating 

condition.or Divide an object into parts capable of movement relative to each other. t. It 

is applicable for this study. Separate the desktop from the table ,let the spacing between 

tabletop and chair can be changeable, and Chair height can be adjustable 

3. 29# Pneumatics and hydraulics principle: Use gas and liquid parts of an object instead of 

solid parts (e.g. inflatable, filled with liquids, air cushion, hydrostatic, hydro-reactive). 

It is not applicable for this study. 

4. 37 # Thermal expansion principle: Use thermal expansion (or contraction) of materials. 

It is not applicable for this study. 

5. 28# Replace a mechanical system principle : Use fields in conjunction with field- 

activated (e.g. ferromagnetic) particles. It is not applicable for this study. 
 

3.5 Concrete prototype design 

 
Combine the above research results and refer to the recommended size of the college students' 

desks and chairs in Table 4, This study first used hand-painted drawings, and then using bamboo 

chopsticks, straws and styrofoam plates to process the first generation model, as shown in 

Figure 11. Next, use Autodesk Inventor 2010 to design and draw. The working drawing is shown 

in Figure 12. And then processed on a 3D printer, the model is shown in Figure13. 

 
Table 4 Ideal desk and chair for human size recommendations (Source: [14] ) 

 
 

Item 
5% 

Percentile 

50% 

Percentile 

95% 

Percentile 

Sitting height 39cm 43cm 47cm 

Sitting height 

Adjustable 

range 

 
37-39cm 

 
40-46cm 

 
44-50cm 

Seat width 48cm 48cm 48cm 

Seat depth 44cm 44cm 44cm 

Table height 71cm 75cm 79cm 



The 2019 International Conference on Systematic Innovation 

July 08-11, 2019, Liverpool, The UK 

593 

 

 

 

Desktop width 65cm 65cm 65cm 

Desktop depth 50cm 50cm 50cm 

Table height 

Adjustable 

range 

 
69-74cm 

 
72-78cm 

 
76-81cm 

 
 
 
 

 

Figure 11 First generation model 
 

 
Figure 12 Desk and chair work drawing 
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Figure 13 3D printing model 
 

4. Result and discussion 

 
Based on the above-mentioned innovative invention principles and seat design data, the desks and 

chairs prototype designed in this study are shown in Table 5 and Table 6 below. 

 
Table 5 Description of the prototype structure of the innovative desk and chair 

 
 

The desktop   is 

64.5 cm wide and 25.5 

cm long, which is 

larger than the 

desktop in current 

classroom. 

 

 

 

 

The height of the 

armrest to the back of 

the chair is 45.5 cm. 
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Lift it over the 

top of the head and 

place it as the 

desktop , which can 

be raised to 50 cm 

high and up to 80 cm. 

 
 

 

 

 

 

 

 
 
 

Table 6 Description of Flipping the back of the chair into a desktop design 
 
 

Depending on each body 

type, the front and rear 

distance can be adjusted up 

to 50 cm. 

 

The narrowest is 20 cm. 

 

Practical use case 
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5. Conclusion 

 
This study adopts design requirements survey and patents analysis , introducing TRIZ method 

theory to establish contradiction matrix , combining the resulting invention principles with feasible 
analysis, combined with human factors engineering data, finally complete the preliminary design 
prototype and then realize it. In this study, the designed prototype has three improvements on the 
design subject of college students' desks and chairs.: 1. Desks and chairs can be connected and 
separated. 2. the desktop area can be increased 3. Desks and chairs are adjustable. Desktop 
flippable design let the back of the chair be used as a desktop and Improve space use issues. In the 
enlarged part of the desktop, it is more convenient for users to use. Adjustable design allows 
students to adjust the distance between the desktop and the body ,It makest more comfortable to 
use.. 
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Abstract 
 

TRIZ, the theory of inventive problem solving, has been regarded as one of the most 
effective problem-solving tools and thinking processes for solving difficult problems. 
The importance of TRIZ has been acknowledged in various fields where its applications 
have led to great results. Most researchers focus on the practical usage of the tools or 
development of the tools without knowing the fundamental philosophies that make 
TRIZ work well. This paper presents some powerful fundamental working philosophy, 
known as pillars, of a greatly enhanced version of TRIZ, TRIZ++. It also propose some 
powerful research directional opportunities of TRIZ methodology to bridge the gap 
between the guiding fundamental philosophies and effective practical usage. 

 
Keywords: Enhanced TRIZ, Systematic innovation, TRIZ principles, TRIZ. 

 
1. Background 
Systematic Innovation is a field which concerns about developing or using systematic 
methods/processes to generate innovative ideas for Technical, Strategic, or Business 
aspects of Opportunity Identification and/or Problem Solving (D. D. Sheu, 2015). Its 
working concepts are from studies of prior humans’ innovative ideas/wisdom or natural 
phenomena. The systematic innovation method uses a process where evolving tools 
helps to solve the problems (Song, 2018). The working principles of these innovative 
approaches were extracted and then re-used to generate innovative ideas. Figure 1 and 
Figure 2 present a classification of innovation methods where systematic innovation 
plays a big role. Through recent time, one of the most efficient systematic innovative 
method adopted is TRIZ. 

 
 
 

Human-originated 

 
TRIZ & 

Extracted Knowledge 
from patents & 
innovation literature 

SI Non-TRIZ 
human- 

SI originated SI 

Extracted from human activities 
& knowledge development 

 

 

IM Nature-inspired 
SI 

 
Random Innovation 

Bionics / Biomimicry / Bio-mimetics 

Non-bio-inspired Systematic Innovation 

 

Figure 1: Classification of Innovation Method 

TRIZ-extension 
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Figure 2: Relationships among TRIZ/Systematic Innovation/Innovation 
Methods 

 
1.1. Introduction 

 
TRIZ, the Russian acronym for “Theory of Inventive Problem Solving” (Rantanen and 
Domb, 2007), is the result of a thorough study of about 40,000 technology patents by 
Genrich Altshuller and his colleagues. Their research allowed them to draw out certain 
regularities and basic patterns which governed the processes of solving problems, 
creating new ideas and innovation. TRIZ is about analyzing things from many views to 
help us break our Psychological Inertia in order to see things better and leveraging prior 
wisdom to generate ideas for problem-solving. Since its introduction outside of the 
soviet world, in the west particularly, it has proved itself as a powerful problem-solving 
tool as much as a significant innovation method. Many researchers have validated TRIZ 
effectiveness through their studies. Numerous descriptions convey the idea that it 
extends beyond a simple theory or a set of principles as its name suggests. TRIZ is a 
knowledge-based systematic methodology of inventive problem solving (Savranksy, 
2000). More than a set of principles that describes how technologies and systems evolve, 
Fey and Rivin (2005) described TRIZ as a methodology for the effective development 
of new [technical] systems. Also, it has been described by Gadd (2011) as a method 
which cover all aspects of problem understanding and solving. It is regarded by some 
as the most comprehensive, systematically organised for invention and creative 
thinking methodology known to man (Livotov, 2008). 
TRIZ suggests that technology evolution and the way to invention is not a random 
process, but is predictable and governed by certain laws (Eversheim, 2009). It is on 
analytical logic and a systematic way of thinking that provides an overall structure for 
the application of the collection of TRIZ tools and techniques (Souchkov, 1999; 
Savranksy, 2000). Compared to other problem-solving method such as mind mapping, 
brainstorming, lateral thinking, TRIZ identifies the root cause of problem. TRIZ helps 
identify problems and offers direct solutions to them. Altough TRIZ has been described 
differently by researchers– a methodology, a toolkit, a science (Barry et al., 2006), a 
philosophy (Nakagawa, 2001), etc., what is capable of achieving in finding solutions to 
technical problems and yielding innovation in technical systems, is unanimously 
acknowledged. 
Furthermore, TRIZ has been proved to be used in a wide range. The applications of 
TRIZ are numerous. A study by Poppe and Gras (2002) outlines the possible ways of 
introducing TRIZ into process industry. The examples available in the open literature 
describe the use TRIZ to: 

Innovation 
Methods 

TRIZ -> TRIZ++ 

(30+ tools, Synergized) 

Systematic Innovation 
(~200 tools, Not coordinated) 

 
Random Innovation 
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Excellence 

Ideality 
Resources 

Functionality 
Contradiction 

Philosophy 

Space/Time/Domain/Interface 
System transfer 

System Transition 

Methodology 
A complete problem /Process 

Definition/Analysis/Solving Process 

Principles, Matrix, Ideal Final Results, 
Separation Principles, Effect DB, 

Function Anal. , CECA, S-F Standards, Trends 
Subversion Anal., SSP, Trimming, Resources, … 

Tools 

- product design; 
- equipment design; heat exchanger (Busov et al., 1999). 
- trends identification; development of computer aided tools (Braunschweig, 2002). 
While many people agree on TRIZ being an effective tools set for innovation and 
problem solving based on the identification of physical or technical contradictions and 
acknowledged his usefulness, not very much attention was given to the in-depth 
understanding of why TRIZ really works. Why is TRIZ philosophy that somehow 
somebody has done it before can trigger solutions to new problems? 

 
This paper takes a close look at seven pillars of TRIZ philosophies to draw insights 
about how the philosophy and values behind TRIZ are the main reason why this 
methodology can work so well and address so many categories of problems. In this 
paper, we also pointed out how the TRIZ tools works and their relationship with the 
TRIZ philosophies. 

 
1. 2. Hierarchical view of TRIZ 

 
The Figure 3 presents a hierarchical view of TRIZ. At the bottom level of the TRIZ 
hierarchy is a series of tools and techniques which are used to actually solve practically 
any problem – especially engineering problems. On top of the practical tools, there is a 
methodology or process that links the various tools to solve problems in proper 
sequence and with synergy. Regardless of tools or methodology, they are based on 
some fundamental philosophies, considered as pillars of TRIZ which make the 
methodology and tools work well. When the 3 levels works together well, it achieves 
excellence. 

 
 
 
 

 
Figure 3: Hierarchical View of TRIZ (Sheu, D. 2015 modified from Mann, D. 

2007) 
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1. TRIZ Main philosophies: 7 pillars of TRIZ 
 

TRIZ methodology includes generally three main concepts: contradiction, Ideality and 
evolution of pattern. The traditional TRIZ concept is about 4 philosophies which are 
Ideality, Resources, Functionality, and Contradiction. (Mann, 2007.) Identified Space/ 
Time/ Interface as the fifth pillar of TRIZ. System Transfer and System Transition 
were respectively brought in as the sixth and seventh pillar of TRIZ by a study of (Sheu, 
2015.) 

 
2.1. Ideality 
It is fundamental to all approaches to problem solving as the ideality equation is the 
starting and end point of the solution. Ideality derives from ‘‘the ideal machine’’, an 
arbitrary system which has all its parts performing at the greatest possible capacity, 
introduced by Altshuller (1999). Ideality is a measure of how close a system is to the 
best it can possibly be i.e. the ideal machine (or the ideal final result (IFR)). The benefits 
are the useful functions provided by the system and harms are its unwanted outputs, 
waste products (also regarded as harmful functions) of the system. 
One of the objectives of TRIZ is to increase ideality (or move a system toward the IFR). 
As the equation below indicates, this can be achieved by one or a combination of 
finding a means of increasing the benefits provided by the system, reducing the costs 
of resource inputs towards providing those benefits, or reducing the harmful functions 
(or unwanted outputs) that come with the benefits. 
In innovation, defining the IFR is important since it points at the direction in which the 
search for 
new and better systems should be carried out (Altshuller, 1999). Also, it helps in 
understanding and identifying the optimum resources to use in delivering innovative 
solutions (Savranksy, 2000). Generally, the solutions include systems solving problems 
by themselves such as any self-cleaning, self-aerating, self-cooling machine and so on. 
The best case of ideality is infinity. When Ideality = ∞, it is the Ideal Final Result (IFR). 
The ultimate ideal result is to achieve the required function, but without any cost, and 
no harm (cost + harm = 0) as expressed in Equation (1). 

 
Ideality       = Benefit/(  Cost+Harm ) 

 
= (Perceived Benefit))/( Cost+Harm ) 

 
= (Useful fonction))/( (Harmful fonction) (1) 

 
2.2. Resources 
In the TRIZ environment, a resource can be any substance, field(energy), function, 
attribute, space, time, information, or even vacuum, void, or “nothing” which can be 
used toward some purpose (Sheu, 2017). TRIZ suggests to look for those resources 
whose discovery can help improve the system. It’s about achieving your goals with 
minimum of resources usages in what is broadly called “turning lemon into lemonade” 
concept and also by turning non-use to useful. 
There are two concepts under this pillar: 

1) Use the resources that are not used, discarded, or not designed to perform this 
purpose, to achieve the wanted functions (Useless to Useful: U2U, or Waste 
to Wonder W2W). For example, the Tokyo Metro welcome more than four 
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million people a day, and the energy of so many people is wasted. The 
Japanese, as shown in Figure 4, installed piezoelectric materials on the floor 
at tickets gates and other areas to store and convert this energy into electrical 
energy, and supply the power requirements of the entrance of the subway 
station. 

2) Converting harmful substances into favorable resources (Harm-to-Help; H2H): 
For example, the principle of thermal power generation transforms "thermal 
energy into electrical energy", through the production of steam from 
combustion which serve to drive the turbine and rotate the generator. The 
process of burning coal, emits waste gas such as powder, sulfur dioxide, 
nitrogen oxides and carbon dioxide, which will not only cause air pollution, 
but also endanger human health. At the same time, these extremely high 
temperature gases or dust will also form thermal pollution. In the early years, 
the idea was to build a high chimney to let the particle pollution and thermal 
pollution reach a level of hundreds of meters that would make the pollution 
density less harmful to humans. Later, some people thought of new ways to 
make harmful become useful. The flue gas to be discharged from the 
atmosphere is subjected to electrostatic dust collection, and more than 99.9% 
of the particles are collected and pressed into high-pressure building blocks. 
The remaining high-temperature gas is then used to transfer the heat of the 
high-temperature exhaust gas to the fresh and clean air through the heat 
exchanger, so that the fresh air has higher heat energy before entering the boiler, 
therefore, less heat would be used. The fuel produces more steam that pushes 
the turbine to produce more electricity. It can be concluded that "the harmful 
particulate pollution becomes a useful building material", and "the harmful 
thermal pollution is beneficial to the production of electrical energy". 

 

 
Figure 4: Tokyo piezoelectric subway station 

Source : https://tech.nikkeibp.co.jp/dm/english/NEWS_EN/20081204/16235. 
 

2.3. Functionality-Value 
 

Even though, R & D engineers are almost always requested to create better and better products 
for the company’s current industry. TRIZ’s Functionality considers that function is what is 
important, not the product itself. Therefore, the task of R&D staff should be to achieve 
functionality while minimizing physical products. This brings a distinct paradigm shift 
to the traditional thought process allowing engineers to jump out of company’s current 
product constraints to consider possibly remote or different products to achieve the 
same functionality. Even functionality can be put aside or replaced if the value of the 
function can be achieved. With a functionality-oriented thinking, there will be more 
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opportunities to break out “the product “mindset that will lead to think about different 
product to serve the same or better functions; a think out of the box mentality. 

 
(Sheu, 2010) extend the Functionality idea to claim that Value is what is really needed. 
If one can achieve the same or higher level value, the function of the current level can 
be eliminated or with other function instead. Solving a problem can be at different 
levels: 1) Achieving higher level value instead of the current level value. 2) Achieving 
value with different function. 3) Achieving same function with different action 
principle (effect). 4) Achieving same action principle with different components. This 
is the Value-Function-Effect-Component hierarchy. The higher the level satisfied, the 
higher the innovativeness with value being at the highest level. 

 
Taking washing machine as an example. The main function is to wash clothes, the 
situation can be represent as following in Table 1. 

 
Table 1: Function analysis of the washing machine 

 

Field Function 
Carrier 

Action Object Value 

 
Washing 
Industry 

 

Washer 

 

Cleans 

 

Clothes 

 
Clothes being 
clean 

 
The Function “Clean clothes” has the Value “Clothes being clean”. The following 
different levels of innovative designs can thus be considered: 
1) Satisfying at the Value level instead of functional level. Instead of using a washer 

to perform the “Clean clothes” function, we can use “Repel particles” to satisfy the 
value of cloth being clean and never get dirty with the use of Ultra-ever-dry coating 
material available at UltraTech International, Inc. (2012). It is a coating product 
where Nanotechnology is used to lead the coating of an object to generate barrier 
against air on its surface. This barrier repels water, refined oil, wet concrete, and 
other liquids unlike any other coating as shown in Figure 5.On the left, the glove 
on which the product has not been applied get dirty while the right one become stain 
proof thanks to the application of the same product. 

2) Satisfying the functionality but replace with different action principles. Different 
action principles can be used to achieve the same functionality. For example, 
instead of water physically dissolve dirt to clean in the washer machine, we can use 
chemical reaction or ultra sound vibration to clean dirts. These would also be 
innovative replacements. 

3) Using different components or systems to achieve the same action principle or 
function. For example, instead of water carrying detergent, we may use other liquid 
or steam to carry detergent and obtain the same results. Great majority of people 
will use this level of replacement to solve problems. However, this is at the lowest 
level of innovativeness. 

 
The “Value-Function-Effect-Component hierarchy”, allows us to systematically and 
comprehensively resolve problems with various levels of innovativeness. Resolving 
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problems at the value level almost always creates a new technology or industry that 
may well eliminate the current technology or industry. 

 

Figure 5: Ultra ever dry applied to gloves 
 

2.4. Contradiction 
 

Contradictions are indicative of inventive problems arising from the apparent 
incompatibility of desired features within a system. After analyzing more than forty 
thousand patents, Altshuller realized that contradiction is the fundamental barrier of all 
technical advancement. However most contradictions are not obvious. One of the main 
approaches of TRIZ for problem resolution is to use contradictions as a way to 
formulate problems and analyze this contradiction in order to solve the problem 
(Dubois, 2011). 
The ability to identify contradictions that are unknown or non-obvious to others 
represents the ability to identify opportunities to innovate as resolving those 
contradictions can lead to innovation. 

 
There are two major types of contradictions: technical contradictions and physical 
contradictions. 
– Technical contradiction: This arises when an attempt to improve certain attributes or 
performance of a system leads to the deterioration of another attribute performance of 
that system. For example, the bigger, more powerful engine proposed for a car to 
increase its speed would contribute more weight to the car, which in turn limits how 
fast it can travel, therefore negating the desired benefit of increased speed. 

 
– Physical contradiction: This arises when there are inconsistent requirements on a 
single parameter of the same system. For example, an umbrella’s big size helps with 
protection from rain, but may make it too cumbersome to carry around, and therefore, 
its size requirements (big umbrella for protection and small umbrella for convenience) 
present a physical contradiction. 

 
As mentioned by Samalatov (1999), A problem containing technical contradictions can 
be solved either by seeking a compromise between the conflicting properties (to what 
extent is it appropriate to lose in certain properties in order to gain in other properties?), 
or by trying to resolve the contradiction (obtaining the desired result without sacrifice). 
Almost all of our normal training helped us to find an optimal point where one of the 
two contradictory performances must be compromised in order for the overall best 
situation to be achieved. However, TRIZ has the benefit of paradigm shift when BOTH 
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of the two contradictory requirements can be improved without needing to compromise. 
This is where the TRIZ pillar of System Transfer (section 2.6) or system transition 
(section 2.7) can lead us to achieve. 

 
2.5. Space/Time/Domain/Interface 

 
Psychology suggests that human brain is not designed to be creative but rather to store 
and repeat patterns that guide our decisions. French writer Anis Nin once said, “We 
don't see things as they are, we see things as we are”. This is subject to an effect known 
as psychological inertia that makes us look at situations from one specific angle. 
Space-Time-Domain-Interface" implies that we need to be able to jump to different 
spaces, time, domains, and interfaces to see problems. It’s hard to figure out the nature 
of a problem if we look at it in our habitual way. By jumping to different spaces, 
different times, different domains, different interfaces, changing the angle from which 
we look at the problems, we can often see something different, clearer which allow us 
to solve the problems with more facility. This is the power of the Space-Time-Domain- 
Interface. Looking at another angle, the same thing is often seen very differently. For 
example, Figure 6.a represents a duck. But when we turn the duck by 90 degree 
clockwise it turns into a rabbit as shown in Figure 6.b. They are exactly the same thing 
but being seen differently just by turning 90 degree. So, the same thing, from a different 
perspective, can be seen very differently. Some things may be difficult to understand 
seeing from current Space-Time-Domain-Interface. But it could become much easier 
to understand when you see it from another Space-Time-Domain-Interface. Fourier 
Transfer in Engineering Mathematics is a great example. In a net shell, Fourier Transfer 
converts a set of difficult models of a system behavior in regular time domain which 
require solving differential and integral equations, into frequency domain where the 
differential and integral equations are converted into equations of subtractions and 
additions which is very easy to solve. After solving the problem in frequency domain, 
the solutions can be converted back to the time domain to resolve our problem. This is 
the power of space-time-domain-interface. 

 

 

 
Figure 6.a: A duck Figure 

6.b: A Rabbit 
 

2.6. System Transfer 
When a problem occurs within a system, the issue of solving the problem can be 
transferred from within the system to an unrelated system. According to (Sheu, 
2016), the novelty of the System Transfer resides in transferring the issue of the 
current system to a seemingly unrelated system to solve the problem more 
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elegantly and innovatively. Taking the threading needle as an example. When 
threading, the eye of the needle has to be large for easy putting the thread through 
the needle eye. However, the hole diameter needs to be small in order not to 
damage the clothes. For one of the system transfer solutions, we can make the 
pinhole aperture small, as shown in Figure 7, to meet the requirements of not 
destroying the cloth tissue. Then, transferring the requirement of the large pinhole 
for easy threading to a newly invented threading device as shown in Figure 8. The 
hole of the threader is large when the force is not applied, and smaller enough to 
get into the pinhole when the lateral compression force is applied. 

 
 

 
Figure 7: Needle with physical contradictions Figure 8: Treading device 
solution 

 
2.7. System Transition (Ts): 
System Transition implies a radical change in the problematic system to solve the 
problem. For example: 

 Drastically change the subject system to solve problem. 
 Technical: The system transition involves a paradigm shift in technical field. 

Some remarkable examples are the transition phase (solid-liquid-gas), the 
butterfly metamorphosis as shown in Figure and so on. 

 In management, it leads to the merging, organizational structural change, and a 
drastic change of the business model, a business process reengineering. 

 
 
 
 
 

 
Figure 9: Butterfly transformation system conversion 

 
2.8. Comparison of “Space-time-domain-interface”, “System Transfer”, and 
“System Transition 
STDI (space/time/domain/interface) implies that we look at the problem from multiple 
perspectives. By doing so we are able to see something totally different from the initial 
viewpoint and we are able to integrate multiple views in order to get a full picture of 
the problem. While System Transfer suggests to transfer the problem to another seemly 
unrelated system to solve the problem better and more efficiently. Different from the 
two aforementioned, System Transition radically changes the problematic system to 
solve the problem. These often represent or induce paradigm shifts in problem solving. 
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 Solving Engineering Problems
 Product improvements
 New product development
 Process/Equipment improvements
 New process/equipment development
 Patent circumvention/enhancements
 Software innovation

 Identification of Innovative Products & Services
 Management/Service Applications

 Establishment of innovation strategies
 Business model innovation
 Service innovation
 Identification and resolution of organizational conflicts.

 Combination with other tools to solve problems
 VE; QFD; FMEA; 6-Sigma, Lean, Kepner-Trego, TOC, etc.

2.9. TRIZ ++
 

TRIZ main methodology is about systematically analyzing things from many views to 
help us break our Psychological Inertia in order to see things better. Traditional TRIZ 
has been mostly used in analyzing and solving engineering problems which include 
new and existing product developments/improvements, new and existing 
process/equipment developments/improvements as indicated in the first category of 
Table 2. The range of applications of TRIZ has been greatly expanded by various recent 
researchers and provided many versions of enhanced TRIZ as modern TRIZ and named 
with various labels such as TRIZ+, GEN-TRIZ, CTRIZ, XTRIZ, TRIZ++, etc. (Sheu 
2015) presented a list of much comprehensive expansion of modern TRIZ, named 
TRIZ++, as shown in Table 2 where the applications of TRIZ++ philosophies has been 
proven effective. More than 20 new tools for use in various applications beyond 
traditional TRIZ have been developed. In addition, relevant forms are created to 
facilitate the process of using the tools. It is also noted that TRIZ is also very effective 
in working with various other tools such as Value Engineering (VE), Quality Function 
Deployment (QFD), Failure Mode and Effect Analysis(FMEA), 6 Sigma, Lean, 
Kepner-Trego, and Theory Of Constraint (TOC), et at, as indicated in Table 2. Even 
though being considered as a less travelled topic, some recent work of TRIZ for 
software innovation were reviewed by (Pillai, H., Sheu, D., & Mann, D. 2019). 

 
Table 2: Extended Application Areas of TRIZ++ (SI) 

 
3. TRIZ problem solving process 

 
A TRIZ generic approach to problems solving is presented in Figure 10. Most people, 
when facing with a specific problem, inevitably look for specific solutions directly as 
shown in the bottom area of Figure 10. TRIZ problem solving methodology discredit 
this direct approach. Instead, it follow 3 steps/4 stages process. 
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Step 1: By breaking the psychological inertia, the first step is to analyze the original 
specific problem into the fundamental essence of the problem and present it as “Model 
of the Problem”. There are many ways of analyzing the problem which can produce 
multiple Models of the problem. This is equivalent to looking at the problem from 
various perspectives as mentioned previously in the Space-Time-Domain-Interface 
philosophy. For example, in construction industry, the problem is “Hammer to hit a 
nail”. In the printer industry the problem is “printer mechanism to advance paper”. In 
the athletic field, the problem is “Pitcher to throw a ball”. Seemingly, there is no 
relationships among the three needed functions as “hit a nail”, “advance a paper”, and 
“throw a ball”. However, if we break out of our application-specific psychological 
inertia and look at the fundamental aspect of the problem, we can easily figure out that 
these three actions are the same. They are to “Move Solid”. As such, “Move solid” is 
the generic functional representative, called “Generic Function”, of “hit nail”, “advance 
paper”, “throw ball”, and many more. “How to move a sloid?” is the “Model of Problem” 
of “How to hit a nail?”, How to throw a ball?”, “How to advance a piece of paper?”, 
etc. Therefore, the solutions used in a seemingly unrelated application may be 
applicable to solve our problem as the problem are the same at the fundamental “Model 
of Problem” level. 

 
Step 2: After converting our specific problem into a model of the problem, there are 
two different categories of ways to find model of solutions to our problem. 
 Path 1: “Like problem, like solutions”. Action principles and resources used to 

achieve different specific functions in a very different industry/application of 
the same generic function may be used to satisfy our own specific function. For 
example, “friction” principle used in advancing a paper and direct pressure 
used in hitting a nail can be used to throw a ball, etc. Based on TRIZ 
Effect/Resource database (OxfordCreativity 2019), there are some 100+ 
different effects and some 100 kinds of different resources can be used to 
perform the function of move solid. 

 Path 2: The other category of leveraging previous wisdom of problem solving 
is based on “Like problem, like process”. In this case, though the specific 
solution(s) are not shown, the process to identify solutions is given and problem 
solver can follow the process to solve the problem. 

Both Path 1 and Path 2 can provide us multiple models of solutions which can be used 
as idea pointers or trigger solutions. 

 
Step 3: To convert from models of solutions to specific solutions, it may require some 
domain knowledge particularly for difficult engineering problems. 
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Figure 10: TRIZ approach to problem solving (Sheu) 

 
 

3.1. Why TRIZ Works 
 

The methodology behind TRIZ is the main reason why it works. In short. TRIZ is based 
on three great components (Souchkov, 2017): analytical logic, knowledge bases, and a 
systematic way of thinking. Starting with the identification of the opportunities, it 
systematically leads the users to see things from different space/time/interface. Thus, 
enabling them to understand things much better and with a bigger picture. At this stage, 
all the related opportunities can be highlighted. That enables the user to choose the most 
appropriate one to attack in other to solve contradictions. Below points illustrate why 
TRIZ works powerfully in terms of systematic ways of thinking. 

 
 

1. Similar problems have similar attributes thus similar solutions or procedures to 
solve. 
Classification is the beginning of all knowledge learning (Sheu & Lee 2010). 
Although there is no panacea in the world to solve all problems, problems can 
be classified according to certain logics or attributes so we can understand them. 
If a problem belongs to a certain class, it will have certain characteristics. And, 
the solutions or the process to obtain solutions to the same class of problems are 
likely to be similar as shown in Figure 11. 

 
 

2. Analyze to the fundamental elements/aspects of a problem greatly simplify 
problem and easier for cross-industry knowledge leverage 

 
The analysis to the bottom of the problem, leads to a remarkable reduction 
of the type of the problems and greatly reduces the operational complexity. 
When multitudinous problems are broken down to their lowest level of 
classification, there are only a relatively smaller number of elemental problem 
classes. The number of combinations is always many times bigger than the 
number of elements: just like there are millions of different items in life, but 
less than two hundred of elements of substances as indicated in Figure 12, 
Periodic Table of Elements. It is much less complex handling problems at the 
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fundamental levels than at the human-felt life level. In addition,, the relationship 
between the elements is more orderly and with less rules. For example, we know 
that two hydrogens (H) and one oxygen (O) can form stable water (H2O). From 
the periodic table, we may expect that two lithium (Li) and one sulfur (S) can 
form stable substances (Li2S). Figure 13 shows another example explained in 
reverse direction. There are only 26 English letters which generate some couple 
hundred meaningful prefixes, roots, and suffixes and form some 260,000 
meaningful words based on some dictionary. The “Word” level is where 
humans operate to communicate in daily life. However, it is impossible for a 
person to know all the words. But if we jump to work at the different “interface” 
level of some couple-hundred "word roots” , and understand those pre-fixes, 
roots, and suffixes, it is much easier to handle. As long as we understand these 
couple hundred roots, no matter what words we have never seen before, we 
probably can grasp the meaning and pronunciation of these words. In other 
words, the problem is analyzed to the bottom, because the number of types is 
greatly reduced, the problem will be greatly simplified. This is the power the 
concept of "space-time-domain-interface". 

 
In addition, most of the problem classes at the elemental levels have been solved 
before intelligently. It is easier to leverage the past wisdom from other industry 
to applications to solve our specific problem 

 
3. TRIZ tools help us solve problems not at the initial sore point but from the 

causal root systematically. It has been observed that in real-world complex 
problems, the place where problem is felt, the place where problem occurred, 
and the places where the causes of the problem is located are almost always 
different. 

 
4. TRIZ helps problem solver to solve problem innovatively by breaking 

psychological inertia applying such break-through thinking methods as system 
transfer and system transition and space-time-domain interface as explained 
previously. The concept of Ideal Final Result allows us to get rid of current 
limitation and resource constraints to attack the best ideal final results with step- 
by-step fall-back approach is also very powerful in breaking the constraint of 
psychological inertia. (Sheu ) 

Figure 11: Multiple solutions produced by multiple projection 
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Figure 12: Periodic table of elements 
 

 

Figure 13: 26 English letters to create 260,000 words 
 
 

4. Bridge between the fundamental guiding philosophies and practical usage 
 

By identifying the fundamental philosophies behind TRIZ working principles, it is clear 
that some of the practical tools need to be developed to fully take advantage of the 
philosophy for real-world problem solving and opportunity identification in all aspects 
of applications including engineering, business, strategy, etc. The opportunities for 
systematic tool developments identified include but not limited to the following: 
 Systematic resource identification algorithm/processes for various Useless-to- 

Useful and Harm-to-Help situations. 
 Systematic identification of new perspectives to consider. That is: How to find all 

or some other Space-Time-Domain-Interface to perceive the problem. 
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 Systematic approach to identify a new system to transfer the issue of the current 
problem to. 

 Systematic approach to identify new paradigms to shift to in order to solve 
problem innovatively. 

 How to convert from a Model of Solution to Specific Solutions effectively and 
hopefully comprehensively? 

All the above directions may include algorithmic process with proper forms, 
descriptions, examples, and software to facilitate effective usage. 

 
5. Summary and Conclusions 

 
Most TRIZ methodology researches focus on developing tools for problem solving and 
most application researchers’ focus on using various TRIZ tools to solve problems. This 
paper particularly focused on the fundamental philosophies which make TRIZ tools 
work powerfully and illustrate why and how TRIZ works to break psychological inertia 
which is a main source for breakthrough innovative ideas. The summarized 7 pillars of 
philosophy are: 1) Ideality, 2) Resources, 3) Functionality-Value, 4) Contradiction, 5) 
Space-Time-Domain-Interface, 6) System Transfer, and 7) System Transition. The 
authors also greatly expanded traditional TRIZ into TRIZ++ tools of which can be used 
in many additional areas as indicated in Table 2. By identifying the fundamental 
philosophies behind TRIZ working principles, the paper also identifies some systematic 
directions for new TRIZ tool development to bridge the working philosophy and the 
real-world applications by developing practical hands-on tools as indicated in the 
previous section. 
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Abstract: 

Globalization and technological advancements have totally changed contemporary business 
dynamics thus, making it indispensable for business organizations to develop mechanisms that 
prepare their human resource to come up with innovative ideas, products and solution to 
enhance organisational performance. Although the direct relationship between organizational 
learning capability, innovative and organizational performance have mostly studied by the 
researchers but there is little empirical evidence about its mechanisms. This study intends to 
fill out the gap by empirically analysing and comparing the influence of organizational 
performance, innovative performance and organizational learning capability in the 
manufacturing and services industry of SMEs in Pakistan. The nature of study was quantitative, 
causal and data was collected using self-administered questionnaire from 308 middle level 
managers of small and medium sized enterprises of both service and manufacturing sector 
through cross sectional survey. The data was analysed using Structural Equation Modelling 
technique, SPSS and AMOS were used. The results show highly significant positive 
relationship between organizational performance, innovative performance and organizational 
learning. The Innovative performance partially mediates the relationship between 
organizational performance and organizational learning capability. Moreover, study found that 
service sector reported higher level of organizational performance in SMEs as compared to 
manufacturing. The limitations of the study are that its generalizability due the scope of study 
as it is limited to region of Lahore. The collected data is comprised of cross-sectional design 
therefore, analysis is made at single point of time. Future studies can evaluate contingency 
factors such as managerial competencies for organizational learning and performance. 

Keywords: Innovative performance, Organizational performance, Organizational learning, 
SMEs, Services sector, Manufacturing sector, Organizational learning capability, innovation 
and performance: study in small and medium-sized enterprises (SMES) 

 
 

1. Introduction 

Globalisation and ever-changing business environment obligate organisations 
management to be creative and apply innovative ideas, strategies, processes, technologies and 
products to survive and compete in contemporary business environment. In this regard 
organisations having mechanism and culture which help   them   to   develop 
organisational learning capability can overcome the obstacles by learning how to act and react 
in uncertain economic conditions (Gitonga, 2016). Human capital is believed as the most 
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important asset of an organisation since it involves in building business resilience which 
supports organisations to endure the shocks of radical changes taking place in the current 
business era; and in the turbulent environment, only those firms survive that keep pace with 
the changes as well as learn from their environment. In this context innovation and 
organisational learning are fundamental antecedents which contribute to the organisational 
performance and its long-term success. Researchers like (Anderson et al., 2004; Zhou & 
Shalley, 2003) states that creativity and innovation is a pillar that supports organisations to 
achieve and maintain the competitive advantage. It is empirically evident from literature that 
organisations tend to perform better if provided the learning-oriented environment to its human 
capital and thereby it enhances employee’s capability to think innovatively. In recent studies 
by (Jiménez-Jiménez & Sanz-Valle, 2011; Sulistyo & Siyamtinah, 2016) the Innovative 
Performance is noticeable concept studied by the researchers in the presence of Organizational 
Performance and Learning and found a positive and significant relationship between them. The 
Definition provided by (Amabile et al., 1996) says that successful implementation of creative 
ideas inside the organisation is called Innovation. This definition characteristic that innovation 
is closely related to creativity of the employees, saying differently the more the learning 
environment provided to employees more it will enhance their creativity which in result, lead 
to innovative mindset. Thus, innovation and organisational learning capability are closely 
related (Dodgson, 1993). Moreover, Organizational learning act as a key resource for 
organisations to recover from turbulence environments. Organizational learning accelerates the 
process of knowledge and experience creation, transformation and integration. Innovation 
relates to novelty and commercialisation of creativity. Moreover, it can be linked to 
organizational learning capability. (Lee et al., 2008; Alegre & Chiva, 2008) reported that 
organizational learning is a factor that triggers the innovation. According to Probst and Büchel 
( as cited in Gorelick, 2005) organisational learning is a way which initiates the change in 
knowledge and value bases of the organisations, which in result increase the problem-solving 
capacity and make them able to devise actions according to situations. This definition 
explicates that the organisational learning as a knowledge transformation, change in value 
systems and changing the mental patterns of the employees so they can come up with 
innovative and solution-oriented ideas. Vera & Crossan, (2004) stated that organisations 
having capability of these characteristics can assess the business environment more accurately, 
use this assessment into meaningful information to produce more purposeful and growth- 
oriented results. The Organisational learning also occurs at three different levels that are 
individual, collective and on the organisational level, organisational level is the highest level 
of learning where human resource of organisation continuously thrive for improved results 
(Golmoradi & Ardabili, 2016). 

The literature of organisational performance and creativity in the recent years have 
given considerable importance to innovation. There is a consensus between academia and 
industry that innovation is indispensable for organisational growth and survival. The 
innovation in the organisations can be develop as an incremental process or as a radical. The 
implementation and development of new service, process and product believed as radical 
innovation, whereas, incremental innovation can be labelled as mild improvement or 
advancement in the existing product, service and process. Innovative firms tend to be more 
competitive, growth oriented and have more capability to survive in turbulence business 
environments. Thus, having innovation supported environment is vital not only for better 
organisational performance, but it also helps organisations to serve economic agents in a new 
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way. In a nutshell, innovative performance serves as a key resource in its long-term survival 
and improved financial and non-financial performance. Organisational Innovative 
Performance is antecedent of Organisational Performance. The resources and processes which 
are used in new product development and innovative products are well planned and structured, 
therefore, the researchers in Innovation have given considerable importance to organisational 
learning. Each organisational and product innovation is result of organizational learning 
(Godoy & Antonello, 2011). The organisational learning plays a significant role in 
development of innovative performance of the firms. More the organisation provides learning 
environment to its employees more they will come up with innovative ideas and solutions to 
problems. 

Previously, efforts have been made to analyse the impact of Organizational Learning 
Capability on Innovative and Organisational Performance only in corporate firms and 
manufacturing sector of SMEs. However, this study intends to fill the gap by empirically 
analysing and comparing the impact of Innovative Performance, Organisational Performance 
and Organizational Learning Capability. Our research also intends to add to the literature by 
empirically analysing and comparing influence of Innovative Performance, Organizational 
Learning Capability and Performance in the manufacturing and services sector of SMEs, 
especially in Pakistan. SMEs in Pakistan makes a major contribution in economy of Pakistan 
as it employees 80% of non-agricultural labour also their share in national GDP is near to 40% 
(SMEDA 2018). Likewise Pakistan, over the globe SMEs also plays an important role in world 
economy by providing almost 60-70% employment (International Council for Small Business). 
This study is justified because SMEs in both manufacturing and services sector in Pakistan are 
constantly facing increase in competition within the industry sector. In addition, there is 
mounting pressure on local SMEs of Pakistan to come up with innovative solutions and 
products to compete and survive in the market since the Chinese businesses are eying Pakistani 
market in the perspective of CPEC. The introduction of Chinese companies poses a major 
challenge since it would further increase the market competition; thus, as a matter of survival 
for SMEs in this situation, Innovation and Organisational Performance emerges as key pillars 
on which SMEs can rely for their market survival. This twofold competition compels 
organisations to support mechanisms and process that support development of innovative 
products, solutions and services. Therefore, it is important for these SMEs to maintain and 
strive for development of Organizational Learning Capability and Innovative Performance to 
enhance their Organisational Performance. This study provides practical guidelines for middle 
level managers that how these factors are interrelated and how they can contribute to increase 
the chances of survival and growth in the competitive market. This study also contributes to 
the existing literature by analysing and comparing the impact of Organisational Learning 
Capability on Organisational Performance in the presence of Innovative Performance of the 
SMEs of both manufacturing and services sectors. 

These are the research questions of our study: 

Q: Does Organisational learning capability effects the performance of the organisations? 

Q: Does Innovative performance mediates the relationship between the Organizational learning 
capability and performance? 

Q: Does Innovative performance, Organizational performance and Organizational learning 
capability influence differently on Services and Manufacturing sectors of SMEs? 
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2. Literature review and hypotheses 

Recent literature on Organisational Performance, Innovative capability and 
Organisational Learning Capability explicate that there is a positive association among these 
variables. Organisational Learning and learning oriented mindset is seen a essence in 
development of innovative processes and products, this Innovative capability help 
organisations to increase competitive advantage by improving financial and non-financial 
performance in services and manufacturing sector of the SMEs. (Rajapathirana & Hui, 2018) 
studied Innovative performance relationship with financial and market performance of the 
insurance companies in Sri Lanka and found that Innovative Performance has a positive 
significant impact on the market and financial performance of the organisations. They also 
concluded that to attain Innovative Performance, organisations must encourage learning culture. 
The organisational learning culture includes open communication, exchange of ideas, 
interaction with external environment and encouragement to innovative mindset. Moreover, 
(Keskin, 2006) endorse that organisation learning orientation positively linked with the 
organisational innovative performance. According to (Gomes & Wojahn, 2017) the Innovative 
Performance mediates the relationship between Organisational Learning Capability and 
Performance, however there is no direct effect of Organisational Learning Capability on 
Performance of the SMEs. 

Innovations can be adopted due to pressure from factors inside and outside the 
organisations or to safeguard the organisations from business environment fluctuations. 
Innovation involves the communication of information between employees and mechanism of 
knowledge sharing in the organisations (Jiménez-Jiménez & Sanz-Valle, 2011). (Damanpour, 
1992) describes that SMEs have great potentials to innovate since they always have natural 
condition to meet the challenge of growth and development. The innovation capability and 
innovative performance holds a key position in financial and non-financial performance of the 
organisations. For instance (Sulistyo & Siyamtinah, 2016) argue that the organisations 
innovation capability and innovative performance directly contribute in advancement of firms 
financial and market performance which ultimately led them to build a competitive advantage. 
The changes in technological, social and consumers demands compel organisations to adopt 
more innovative products and processes to achieve competitive advantage for long term 
survival (Black & Synan, 1997). Innovation is becoming fundamental source for organisations 
to improve their performance and to maintain competitive edge over the competitors. The 
organizational innovative performance measured in our study consists of two dimensions 
efficacy and efficiency. The concept of these dimensions was introduced by (Chiva et al., 2006). 
Efficacy measures the way innovation successfully influences the organization, i.e., output of 
the innovation for the organization. Efficiency relates to the procedures which help 
organisations to achieve the results (Chiva et al., 2006). Keskin, (2006) studied the impacts of, 
orientation to learning, market orientation and Innovation in SMEs reported that there is 
positive impact of innovation on organizational performance and organizational learning 
positively effects the Innovation. 

Pedagogical contributions on innovation and firm innovative capability highlights two 
main types of innovative capabilities i.e. radical innovation and incremental innovation (Sen 
& Egelhoff, 2000). Studies have been made to analysis the relationship between different types 
of innovative capability and organisational performance. Calantone et al., (2002) argued that 
learning orientation has a positive effect on organisational innovativeness and innovative 
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performance of organisation positively influence performance of the USA based companies 
both from services and manufacturing industries. The organisations with shared vision, 
commitment to learning, open mind and intra-organisational knowledge sharing enhance its 
capability to develop innovative solutions and ideas (Calantone et al., 2002). Moreover, studies 
(Heunks, 1998; Gomes & Wojahn, 2017; “Innovation Strategy - OECD,” n.d) explored the 
relationship between innovation and firm financial performance especially profitability. 
(González-Fernández & González-Velasco, 2018) suggested that Innovation in young and 
start-up companies have more positive and significant impact on corporate performance of 
Spanish business firms as compared to aged business firms, interestingly Innovation has a 
greatest impact on sales revenue of Spanish corporate business firms. 

It is evident from literature that there is positive relationship among Innovative 
Performance, Organizational Performance and Learning. The Organizational Performance has 
been numerously studied by the researchers. The construct Organizational Performance in this 
study is measured through four dimensions that are Customers loyalty, profitability, sales 
growth within the industry and return on investment. The researchers endorsed the 
phenomenon that there is positive association between organizational learning capability and 
organizational performance in the given perspectives i.e. customers loyalty, profitability, 
yielded return on investment and sales growth within the industry. However, the studies are 
scant that empirically analyse and compare the impacts of organizational learning, performance 
and innovative performance in the context of services and manufacturing sector of SMEs, 
particularly in developing countries. So, our study adds to the literature by making empirical 
analysis and comparison in Innovative Performance, Organizational Learning Capability and 
Organizational Performance in the context of services and manufacturing of SMEs. 

2.1 Conceptual model 

2.1.1 Variables 

Independent Variable 

Organizational Learning Capability 

Organizational learning is a process in which knowledge is transferred, shared and 
integrated in the organisation. It can also be said that organizational learning is a key resource 
in which organisations learns how to behave in turbulence environments. The concept is 
measured by Experimentation, Interface with external factors of the organization, Propensity 
to risk and Dialogue (Chiva, Lapiedra, & Alegre, 2007). 

Mediating variable 

Innovative Performance 

Innovation is believed as novelty and commercialisation of knowledge; Innovation 
performance construct is composed of Efficacy and Efficiency. Efficacy used to measure the 
way innovation successfully impacts the organization, i.e., output of innovation for the 
organization. Efficiency relates to the procedures which help organisations to achieve the 
results (Chiva et al., 2006). 

Dependent Variable 

Organizational Performance 
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Innovative 
Performance 

Organizational 
learning 

Capability 

Organizational 

Performance 

Organisation performance is studied by many researchers. This construct measured by 
4 dimensions that are Customer loyalty, Sales growth within the industry sector, profitability 
of the firm and return on investment. 

2.1.2 Model 

Our conceptual model is Innovative performance mediates the organisational 
performance and learning capability. 

 
 

Fig1. Conceptual model 

 
The literature indicates positive impact of organisational learning on performance. Many 
studies (Rajapathirana & Hui, 2018; Gomes & Wojahn, 2017; Baker & Sinkula, 1999 ) 
describes the phenomenon that organisational learning improves the Innovative capability of 
the firm which ultimately lead organisations to better financial and non-financial performance. 
In this regard it can be said that Innovative performance mediates the relationship between 
organisational learning and performance. Our research study conceptual model is in line with 
the literature. 

2.2 Hypotheses 

H1- The facilitating factors of organisational learning capability have a positive effect on 
organisational performance. 

H2- Innovative performance of the SMEs increase the organisational performance. 

H3- Innovative performance mediates the relationship between organisational performance and 
learning capability. 

H4- There is a difference in performance of organisational performance in manufacturing and 
services sector of SMEs. 

H5- There is a difference in performance of Innovative performance in manufacturing and 
services sector of SMEs. 

H6- There is a difference in performance of organisational learning capability in manufacturing 
and services sector of SMEs. 

3. Research methodology 

3.1 Data collection & analysis techniques 

The target population of the study was Small and Medium Sized enterprises located in 
the geographical premises of Lahore, Pakistan. Random sampling technique was used, and data 
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was collected from total of 308 SMEs middle level managers. The nature of study was 
quantitative, causal and data was collected using self-administered questionnaire from 308 
middle level managers of small and medium sized enterprises among which 140 belongs to 
manufacturing industry where 168 to services sector through cross sectional survey. The data 
was collected by distributing self-administrated questionnaires by making physical visits to the 
SMEs. The rationale to select middle level managers as a unit of analysis was since the middle 
level managers are closer to employees, and their interaction with customers and suppliers is 
more frequent as compared to top level management. Also, the middle level managers are the 
ones who are responsible of implementing the strategies. The data was analysed using 
Structural Equational Modelling technique, SPSS 21 and AMOS 21 were used. 

The research questionnaire used in our study was adopted from (Gomes & Wojahn, 
2017). 

4. Results 

4.1 Demographics: 
 

Fig2. Age of the respondents 

 
 Frequency Percentage 

Gender of respondents 

Male 152 49.4 

Female 156 50.6 

Type of Industry 

Services 168 54.5 

Manufacturing 140 45.5 

Table 1 Gender and industry sectors frequency distribution 
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4.2 Frequency analysis: 
 

Item 
Mean ST-DV Strongly 

disagree f(%) 

Disagree f(%) Neither 

f(%) 

Agree f(%) Strongly Agree 

f(%) 

support for new ideas 3.26 .938 11(3.6) 50(16.2) 116(37.7) 109(35.4) 22(7.1) 

Favourable responses to initiatives of the 3.37 .995 16(5.2) 39(12.7) 95(30.8) 129(41.9) 29(9.4) 

employee        

Change Volarization 3.76 .949 9(2.9) 19(6.2) 71(23.1) 144(46.8) 65(21.1) 

Change facilitation 3.83 .966 10(3.2) 17(5.5) 62(20.1) 144(46.8) 75(24.4) 

Interaction of people with external 3.80 1.002 9(2.9) 24(7.8) 64(20.8) 132(42.9) 79(25.6) 

environment        

Encouragement in coping with new situation 
3.52 1.05 17(5.5) 32(10.4) 81(26.3) 129(41.9) 49(15.9) 

Take risk that not harm the company 3.75 1.01 12(3.9) 23(7.5) 64(20.8) 137(44.5) 72(23.4) 

Encouraging employees to communicate 3.75 1.01 10(3.2) 28(9.1) 62(20.1) 135(43.8) 73(23.7) 

Free and open communication within work 3.84 .993 6(1.9) 25(8.1) 69(22.4) 120(39) 88(28.6) 

teams        

Facilitation of communication within the 3.79 1.00 9(2.9) 24(7.8) 66(21.4) 130(42.2) 79(25.6) 

company        

Presence of cross functional work teams 3.81 .998 8(2.6) 28(9.1) 54(17.5) 140(45.5) 78(25.3) 

Table 2 Organisational learning capability frequency distribution 
 

Item 
Mean ST-DV substantial 

decline f(%) 

moderate 

decline f(%) 

no 

change 

f(%) 

moderate 

improvement 

f(%) 

substantial 

improvement 

f(%) 

Avg time in a week for the development of 3.80 .993 9(2.9) 22(7.1) 68(22.1) 131(42.5) 78(25.3) 

the product        

Avg time in total hours for product 3.80 1.006 11(3.6) 22(7.1) 60(19.5) 139(45.1) 76(24.7) 

development        

Replacement of outdated products 3.74 1.047 12(3.9) 28(9.1) 62(20.1) 131(42.5) 75(24.4) 

Product line expansion 3.77 1.076 16(5.2) 23(7.5) 55(17.9) 134(43.5) 80(26) 

Development of by-products 3.67 1.019 15(4.9) 20(6.5) 75(24.4) 137(44.5) 61(19.8) 

Increased Market share 3.82 1.120 17(5.5) 24(7.8) 51(16.6) 121(39.3) 95(30.8) 

Sales Growth 3.99 .921 8(2.6) 10(3.2) 54(17.5) 141(45.8) 95(30.8) 

Profitability 4.15 .794 0(0) 11(3.6) 44(14.3) 140(45.5) 113(36.7) 

Return on investment 4.10 .781 0(0) 7(2.3) 58(18.8) 138(44.8) 105(34.1) 

Table 3 Innovative & Organisational performance frequency distribution 
 

F represents frequency and parenthesis shows percentage of responses in each item. 

4.3 Descriptive analysis  
Mean STD 1 2 3 
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1- Organizational 3.296 
learning 
capability 

0.569 .856  

2- Innovative 3.116 0.562 .556** .802  

performance 
3- Organizational 2.497 

 
0.340 

 
.686** 

 
.346** 

 
.695 

 

performance 
** correlation is significant at the 0.01 level (2 tailed) 

Table 4 Descriptive analysis 

 
The mean values for organisational learning capability and Innovative performance remain 
over 3 while, for organisational performance it was 2.497, showing acceptable values. As it 
can be seen from table diagonally we have showed Reliability indices of our constructs and 
Reliability indicator all values greater than .70, showing acceptable reliability (Hair, Black, 
Babin, Anderson, & Tatham, 2009). So, the results ensure that constructs used in questionnaire 
are capable of having required reliability for the structural model testing. Moreover, the 
correlation among variables is less than .80 it refers that there is no multicollinearity in the data. 
Table also indicate all the variables correlate positively at high significant level with p value 
of 0.01 

4.4 Measurement Model 
 

Fig3. Measurement model 
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There were total of 30 items in our model related to organisational learning capability, 
Innovative performance of the organisation and organisational performance of the SMEs. 
However, 10 items were removed who had less than .300 regression weights and covariate the 
items who have higher covariance to remove the error terms to attain the model fit. 

4.5 Indicators of fit of our model 

The model goodness of fit was checked by using AMOS goodness of fit indices, more 
than two indices were used to overcome the drawbacks of using only one indicator for model 
fitness. 

 

Model CMIN/DF GFI AGFI RMSEA PCLOSE CFI 
Default 
model 

1.595 .937 .912 .044 .800 .958 

Table 5. Model fitness criteria 

 
According to standard GFI (goodness of fit) must exceed .90 (Byrne, 1994). Moreover, 

standard CFI (comparative fit index) must exceed .90 (Byrne, 1994). Our model CFI is .958 
and GFI is .937 is greater than the .90. Moreover, PCLOSE, RMSEA and CMIN/DF values are 
also indicating that our model fitness is fulfilled. 

4.6 Strucutrual equational modeling 

Standarised direct and indirect effect with mediation 
 

Fig 4. Structural model 

 
ORGL is organisational learning capability, INN is Innovative performance, ORP is 

organisational performance. 

4.7 Mediating Effect 

H3- Innovative performance mediate the relationship between organisational performance 
and organizational learning. 
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Hypothesis Standardised 
Direct beta 
without 
Mediation 

Standardised 
Direct beta 
with mediation 

Standardised 
indirect beta 
with mediation 

Mediation 
type 

H3= ORGL- 
INN -ORP 

.686*** .560*** .125*** Partial 
Mediation 

***=p<0.001 

Table 6. Mediation results 

 
The results reported that organisational learning capability and innovative performance 

have highly significant positive impacts on the performance of the SMEs in the Pakistan. The 
organisational learning capability has a highly significant positive .686 direct impact on the 
market growth, profitability of the SMEs and return on the investment of Small and medium 
sized enterprises. It also concludes that the presence of innovation-oriented mechanism in the 
organisations mediates the relationship between organisational learning capability and 
organisational performance. Moreover, it shows direct and indirect path significant at greater 
than P value of .001, while direct path without mediation role of innovative performance effects 
with beta value of .686. standardised indirect path with mediation is at beta value of .125 and 
standardised direct path with mediation is at beta value of .560 So, indicates that there is partial 
mediation between organisational learning, performance and Innovative performance. 

4.8 Hypotheses results 

H1- Organisational Learning Capability has a positive effect on Organisational Performance. 
Accepted 

Organisational learning capability has a positive impact on organisational performance 
particularly on sales growth, profitability of the SMEs and return on investment. Our results 
are consistent with the study by (José Vazquez Ordás et al., 2005) that organisational learning 
positively influence the organisational performance such as financial performance and 
innovativeness. We can infer that the organisations which have mechanisms to support idea 
sharing, open communication system, more change facilitation, higher propensity to risk, 
encourage experimentation and interaction with external environment tend to be more 
progressive, financially stable and higher inclination towards attaining sustainable competitive 
advantage. 

H2- Innovative Performance of the SMEs increase the Organisational Performance. 
Accepted 

As suggested by (Rajapathirana & Hui, 2018) Innovative performance help 
organisations to increase financial and non-financial performance. As it can be seen from 
results the innovative performance has a highly significant positive impact over the 
performance of the organisation. In the present era SMEs are facing technological, social, 
organisational challenges, in this regard continues innovation is a paramount concept of success 
for the SMEs. Here we can say that SMEs should focus on developing innovative efficiency 
and efficacy to compete in the globalised and competitive business environment. 
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H3- Innovative Performance mediates the relationship between Organisational Performance 
and Learning Capability. Accepted 

The organisations are facing ever increasing competition in business environment since 
the world has moved to globalisation. The globalisation is opportunity as well as a challenge 
at the same time for the organisations. As suggested by (Gomes & Wojahn, 2017) 
organisational learning is a dominant factor that facilitate innovation in the organisations, and 
the innovation is seen vital aspect for the positive and improved performance of the 
organisations. Our results confirm that innovative performance of SMEs in Pakistan mediates 
the relationship between organisational learning capability and performance. These factors 
have a positive link with each other, in addition, organisations which focus on developing these 
capabilities have more chances to increase their market share, profitability and yielded return 
on their investment. 

 
4.9 Differences hypotheses testing 

For the analysis of difference in performance of manufacturing and services sectors in 

organisational leering capability, performance and innovative performance we used 

independent sample T test using SPSS. The independent sample T test is good measure of mean 

differences analysis. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 7. Independent Sample T test results 

H4- There is a difference in performance of organisational performance in manufacturing and 
services sector of SMEs. 

Since the sig level .019 is <0.05, so we can conclude that there is a significant difference 
in the organisational performance of manufacturing and services sector of SMEs. The services 
sector mean value 2.53 is greater than the mean value 2.45 of manufacturing sector in 
organisational performance, hence we report that services sector of SMEs performed better in 
market growth, financial profitability and yielded return on their investments as compared to 
manufacturing sector. 

Type of Industry Mean F 

value 

Sig Sig 2 tailed T value 

Organisational performance 

Services 

Manufacturing 

 

2.53 

2.45 

5.552 .019 .060 -1.887 

Innovative performance 

Services 

Manufacturing 

 

3.12 

3.10 

.933 .335 .775 -.286 

Organisational Learning 

Services 

Manufacturing 

 

3.32 

3.25 

.484 .487 .295 -1.050 
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H5- There is a difference in performance of Innovative performance in manufacturing and 
services sector of SMEs. 

Since the sig level .335 > 0.05 we can conclude that there is no difference in 
performance of innovative performance in manufacturing and services sector of SMEs. 

H6- There is a difference in performance of organisational learning capability in manufacturing 
and services sector of SMEs. 

Since the significant level .487> 0.05 we conclude that there is no difference in 
organisational learning capability of manufacturing and services sector of SMEs. 

5. Discussion and Conclusion 

Our study findings show that H1, H2, H3, H4 are accepted while H5, H6 are rejected. 
The factors that facilitate organisational learning positively impact the SMEs market growth, 
financial profitability and return on the investment, however the services sector reported 
slightly better organisational performance as compared to manufacturing sector. The average 
mean value by respondent remain above 3 for all items of organisational learning, performance 
and innovative performance, which shows that the management of SMEs encourages the 
learning culture and support the initiatives that lead them to enhance innovative performance 
in the organisation. Results are reported that the mean value for organisation performance 
remained over 4 which means the organisational learning environment in presence of 
innovative performance accelerate the financial and non-financial performance of the SMEs. 
The middle level managers of SMEs also reported that Change facilitation, Free and open 
communication within work teams, Presence of cross functional work teams respectively are 
the major contributors for organisational learning. Moreover, change Volarization and 
facilitation yielded highest percentage of agree response by the middle level managers of SMEs 
in Pakistan. The least amount of organisational support employees receive is support for new 
ideas which explains that management should focus on developing mechanism and network 
within the organisation to so that employees can share their ideas. Furthermore, the 
disagreement among middle level managers for organisational learning factors were below 
10% in all items. 

The Innovative performance analysis reported that there was moderate improvement 
in the Average time in a week for the development of the product, Average time in total hours 
for product development and Increased Market share. Furthermore, majority of the respondent 
(more than 45%) explains that there is moderate improvement in efficacy and efficiency of 
the organisation as compared to competitors within the sector from last three years. The 
highest average value can be seen in organisational performance of SMEs in both sectors, 
respondents responded that there is more than moderate improvement in market growth, 
profitability and return on the investment for last three years. It is noticeable that not a single 
manger reported that there is substantial decline in profit and return on investment of SMEs. 

The results also confirmed that Innovative performance mediates the relationship 
between organisational learning and performance. It can also be seen from frequency and item 
analysis that majority of the respondents reported agreement in organisational learning 
support and Innovative performance initiatives which ultimately helped organisations to 
improve their performance over the past three years. The direct and indirect path analysis in 
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AMOS also reported that there is a positive relationship between organisational learning, 
performance and innovative performance. Previous studies descried that organisational 
learning and innovative performance, processes and results differ in manufacturing and 
services sectors. Since, innovation in manufacturing sector can be employed and measure 
mainly by technological innovations and product innovations but in services sector the 
innovation generically relates to innovation in processes and values system of the 
organisations. But this study results explicates that innovation and organisational learning 
processes and procedures can vary across sectors, but their performance is symmetrical in 
manufacturing and services sector of the SMEs in Pakistan. Also, results showed that 
organisational performance of services sector in the presence of organisational learning and 
innovative capability is slightly better as compared to manufacturing sector SMEs in Pakistan. 
Recommendations: 

The organisation learning has a direct and indirect effect on the organisational 
performance of the organisations. SMEs market growth, financial performance improves if the 
organisations develop and support mechanisms that enables learning oriented culture, which is 
antecedent of developing innovative capability of the organisations. Both sectors (Service and 
manufacturing) benefits if the organisation encourages employee’s engagement in ideas 
exchange, Interaction with external factors and facilitation of change valorisation. The services 
sector organizational performance outpaced the performance of manufacturing sector of SMEs. 
However, organizational learning and innovative performance show no significant difference 
in performance in both sectors of SMEs. 

SMEs should adopt open and free communication system, welcome the 
experimentation, should encourage employees to involved in dialogue and focus on developing 
innovative capability. The success of performance and product line expansion of the SMEs lies 
in continues Innovation and organizational learning that will lead to improved organizational 
performance. For managers this study provide insight that SMEs should focus on factors that 
facilitate learning oriented mindset, organisational learning culture so that organisations 
enhance their Innovative capability which ultimately results as an improved organisational 
performance. In this regard, Dialogue, risk of making error, customer and market feedback, 
attention to employees’ idea generation should be given special priority to gain competitive 
advantage in highly competitive business environment. 

Our results are in line with (Rajapathirana & Hui, 2018; González-Fernández & 
González-Velasco, 2018; José Vazquez Ordás et al., 2005b; Keskin, 2006; Baker & Sinkula, 
1999) that the Innovative performance, organizational performance and organizational learning 
have a positive association. We found that organisational learning capability has a direct and 
indirect impact on organisational performance of services and manufacturing sector of the 
SMEs in Pakistan. This research study Intends to fill out the literature gap by comparing and 
analysing the relationship between organizational learning, performance and innovative 
performance in the services and manufacturing sectors of SMEs. Organisations should develop 
the innovative capabilities not only to increase financial performance but also to get 
competitive advantage to compete with competitors. Hence, organisations should focus on 
developing mechanisms that facilitate the organisational learning process to improve the 
financial and non-financial performance of the SMEs. 
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Limitations: 

The study has some limitations its generalizability due the scope of study as it is limited 
to region of Lahore. The data collection design adopted is cross sectional and data analysis is 
made as one-time analysis. The Further research can be carried out to find contingency factors 
which contributes to organizational learning, performance and innovative performance of the 
organisation. Studies can also analysis whether age and managerial competencies have 
influence over the organisational innovation and performance. 
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Abstract: 

This paper analyzes the effectiveness of TRIZ tools through a statistic and text 

mining analysis of 1801 items of college students’ competition works. It is found that 

the 40 inventive principles are still the most popular method; 80% of awarded works 

are from engineering disciplines; and the tools for inspiring creative thinking are less 

used. And we also found that some TRIZ tools are only used mechanically and 

independently, and it is a very common phenomenon that "First there is a solution, then 

apply a TRIZ tool". We suggest that students should be required to describe the 

problems more carefully and accurately, try to use a combination of TRIZ tools and be 

encouraged to challenge multiple possible solutions. 

Keywords：TRIZ, College Students' Competition Works, Effectiveness, Application 

Frequency 

It has been a decade since TRIZ was widely adopted in China, which has played a 

very positive role in improving the innovative ability of enterprises. Meanwhile, TRIZ 

has gradually entered the classrooms of the university. Especially after the Chinese 

Ministry of Education proposed to carry out innovation and entrepreneurship education 

in the colleges and universities in 2015, TRIZ has become one of the core contents in 

this field1-3. TRIZ offers a systematic approach for problem solving, there are a series 

of tools included in TRIZ to help people with invention and creation, such as the 

creative thinking techniques involving ideal final result (IFR), nine screen, little people 

modeling and goldfish method; problem analysis tools including functional analysis, 

resource analysis, causal analysis; tools for problem solving such as inventive 

principles, separation principles, substance field analysis, standard solutions, evolution 

rules, and ARIZ etc.. 
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In many universities worldwide, TRIZ is taught as a method to solve technical 

problems4, and some studies have examined the effectiveness of TRIZ tools in student 

training and the role of TRIZ in education. Yu-shanchan et al. studied the influence of 

TRIZ on the cultivation of engineering students5. Jennifer Harlim and Iouri Belski 

studied the effectiveness of TRIZ tools in problem finding6. Victor Berdonosov 

believed that TRIZ tools were not only an effective tool best suited to technical problem 

solving, but also could be used for the development of creative imagination7. While 

these TRIZ tools have been shown to be very effective in solving technical problems 

and developing student creativity, they are often complex for students and difficult to 

master and apply. Do college students need to master all of these tools? In addition, 

what are the practical application effects of these tools in college students' innovation 

practice? 

Currently, the enthusiasm of college students to participate in innovation 

competition is very high, and their competition works reflect the real situation of their 

learning and applying TRIZ tools. Therefore, it is possible to analyze the effectiveness 

of TRIZ tools from the innovative competition works. Based on the 7th "China TRIZ 

Cup College Students Innovation Method Competition", this paper fully demonstrates 

the effectiveness of TRIZ tools in college students' competition works through text 

mining and multi-angle statistical analysis. In this competition, a total of 1,801 entries 

were received and divided into five events: invention and creation, technology 

improving, innovative design, life creativity and entrepreneurship. Among them, 428 

items were awarded. 

 
1. Effectiveness analysis of TRIZ tools in all competition works 

 
 

1.1 Choice of evaluation index 

 
The effectiveness of a TRIZ tool is mainly reflected in two aspects: it is helpful to 

solve problems and convenient to use. If a tool can't solve the problem, it will lose its 
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value. However, if the process of using a tool is too complicated, it will also affect its 

effectiveness. Therefore, the effectiveness of a TRIZ tool in the competition works can 

be evaluated on two levels: first, how many competition works apply the tool; second, 

how many works use the tool to get a solution or to propose a new solution. For the 

problem-analysis tools, the effectiveness of the first level will be used for evaluation, 

because the analysis problem is only the basis for solving the problem and rarely can 

produce the solution directly; for other TRIZ tools, the second level evaluation 

technique will be used. 

For the sake of description, this paper adopts the concept of “application 

frequency”, which is the ratio of the number of competition works using a certain TRIZ 

tool to the number of all competition works. However, it should be noted that for a 

problem-analysis tool, the “application frequency” refers to the percentage of the 

competition works using the tool of all competition works; for other kinds of TRIZ 

tools, the “application frequency” refers to the percentage of the competition works 

getting at least one solution by using the tool of all competition works. The higher the 

application frequency of a TRIZ tool is, the higher its effectiveness in the competition 

works, and vice versa. 

Adopt this evaluation index, we systematically analyzed 1801 items of 

competition works and calculated “application frequency” of 10 TRIZ tools1, they are 

IFR, nine screen method, resource analysis, functional analysis, causal analysis, 

technical contradiction analysis and inventive principle, physical contradiction analysis 

and separation principle, substance-field analysis and standard solutions, S-curves 

(product life cycles) and evolution rules. In particular, the application frequency of each 

inventive principle is analyzed. 

 
1.2 Main findings 

 
Overall, the above TRIZ tools are used in each events, but the TRIZ tools vary greatly in 

 

 
1 In the original design, the STC operator, Goldfish method and ARIZ were also involved, but in the process of 
statistics, it was found that these tools were hardly used, so we removed them. 
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application frequency. The application frequency of TRIZ tools in each events is shown in 

Figure 1. For analysis, we divided the application frequency of TRIZ tools into three levels: 

high (>50%), medium (25%-50%), low (<25%), and the hierarchical distribution of the 

application frequency is shown in Table 1. 

 
 

 

 

Fig. 1: the application frequency of TRIZ tool in the five events 
 
 

Table 1: hierarchical distribution of TRIZ tools application frequency in the five events 
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Based on the analysis of Fig.1 and table 1, we can arrive at several findings as 

follows. 

(1) TRIZ tools using for problem-analysis are widely used in competition works 

As we can see from Table 1, the problem-analysis tools have a high application 

frequency in various competition works expect for the application frequency of 

functional analysis in entrepreneurial competition works. In addition, the percentage of 

competition works that used at least one TRIZ analysis tool were studied, as shown in 

Figure 2. The statistical results show that most of the competition works use the TRIZ 

analysis tool. The TRIZ analysis tool has the lowest application frequency in the 

entrepreneurial competition works, and its proportion also reaches to 78.23%. 

 

Fig 2: the percentage of competition works using at least one TRIZ analysis tool 
 

(2) Contradiction-based analysis tool is the main means to solve technical problem 
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From Fig.1, we can see that the inventive principle has the highest application 

frequency in all problem-solving TRIZ tools, followed by the separation principle. In 

addition to the entrepreneurship competition works, the principle of invention has been 

used more than 80% in other competition works. At the same time, as it can be seen 

from Figure 1, the substance-field analysis tool is used in about half of the inventions, 

technology improvement and innovative design competition works, and less than 30% 

in the life creative and entrepreneurship competition works. 

(3) Technical evolution rules were seldom used in the competition works 

The rules of technical evolution are generally used to predict trends in 

technology/products and to generate high-value ideas and solutions. However, from the 

use of evolutionary tools in competition works, only about 20% of works use this tool, 

and through more detailed text analysis, it is found that one or a few evolutionary routes 

are simply applied in the competition works. This may be related to the fact that it 

requires a lot of time and energy to apply the evolution tool systematically, and students 

usually prepare for the competition in a limited time. 

(4) S-curve is widely used in technology improvement and entrepreneurship 

competition works 

The application of the S-curve in the competition works is mainly used to analyze 

and determine the development stage of the technology/product, and to determine the 

direction of technological improvement. As it can be seen from Figure 1, the S-curve is 

used more frequently in technology improvement and entrepreneurship competitions, 

reaching to about 50%, but it is relatively low in other three types of competition works. 

(5) IFR and Nine-screen were used more frequently in technology improvement 

and entrepreneurial competition 

In the process of analyzing the competition works, we found some works use the 

TRIZ thinking technique to break the traditional thinking inertia and stimulate creativity. 

But on the whole, the application of thinking technique tools is not much, especially 

the little people modeling, STC operator method and goldfish method. The relatively 

common methods are IFR and nine-screen. Fig. 1 shows that these two tools have a 
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high application frequency in technology improvement and entrepreneurial competition 

works, but they are still used less frequently in other competition works, which often 

requires breakthroughs in technology improvement and entrepreneurial works and 

needs to mine more resources. In particular, the nine-screen method is used most 

frequently in entrepreneurial works. 

(6) The application frequency of TRIZ tool is highly similar in three kinds of 

competition works: invention and creation, innovative design and life creativity 

From Figure 1 and Table 1, there is a very interesting phenomenon. The 

application frequency of TRIZ tools in three kinds of competition works of invention 

and creation, innovative design and life creativity is very close. For this reason, a more 

detailed analysis was carried out, and the results of the analysis are shown in Figure 3. 

Is it an accidental phenomenon, or is there a certain internal logic? In order to clarify 

this problem, the text content of the works was comparatively analyzed. It is found that 

these three types of competition works are mainly based on new product development 

and design. The difference is that the invention and competition works are more in the 

industrial field. The practical application, life creative competition works mostly come 

from daily life, and the innovative design competition works mainly focus on some new 

product development at the designing stage. It can be seen that this phenomenon is not 

accidental. 
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Fig.3: The application of frequency of TRIZ tools in invention and creation, innovative 

design and creative life competition works 

 
1.3 Summary 

 

In the statistical analysis of all the competition works, it can be seen that the TRIZ 

tool has greatly helped in inspiring creativity, analyzing and solving problems. The 

most widely used tools in the competition works are three TRIZ analysis tools (resource 

analysis, functional analysis, causal analysis) and TRIZ problem solving tools based on 

contradiction analysis (inventive principles and separation principles). The reasons for 

this may be as follows: First, the students don’t have much practical experience, the 

selection of students' competition works is relatively simple, and it is not necessary to 

apply more complicated TRIZ tools, such as ARIZ, and the second is the time for 

student preparation competition is limited, some tools that require more energy and 

time are not used extensively, such as the rules of technical evolution; thirdly, the school 

TRIZ course time is limited, some more practical TRIZ tools, such as substance-field 

analysis, etc., are not taught and learned in the classroom in detail. As it can be seen, 
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students still tend to use relatively simple, easy-to-use tools, less is used for relatively 

complex, time-consuming tools, or the tools that require more open, creative thinking. 

 

2. Comparative analysis on the effectiveness of TRIZ tools between 

awarded works and no-winnings 

There are 428 award-winning works in this competition, the disciplines 

distributions of the award winners is shown in Fig4, we can see that the winning works 

come from many majors, including engineering, management, information, medicine, 

design, mathematics and physics and so on, but 80% of them comes from engineering 

majors, mainly mechanical engineering. 

 
Fig.4: the discipline distribution of award-winning competition works 

 

Regarding the specific methods used in the competition works, compared with the 

non-winning works, the winning works tend to use more methods, and at the same time, 

get more solutions, as shown in Fig. 5. The average application frequency of each TRIZ 

tool in the winning works is much higher, especially in the technology improvement 

and entrepreneurship works. That is to say, there are larger average numbers of solutions 

in the winning competition works. Table 2 gives the average number of solutions 

included in the winning and non-winning works in each events, and finds that the 
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awarded works do have more solutions. 
 

 

Fig.5: Application frequency of TRIZ tools used in the five categories of winning/non- 

winning competition works 

Table 2: The average number of solutions in the five events 
 

 The average number of solutions 

for non-winning competition works 

The average number of solutions 

for awarded competition works 

invention and 

creation 
5.7 10.6 

technology 

improvement 
8.2 12.6 

innovative design 5 9.7 
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life creativity 6.2 6.5 

entrepreneurship 3.7 7.6 

 
 

3. Effectiveness analysis of 40 inventive principles in competition 

works 

In practical application, some people believe that the smaller the serial number, 

the higher the frequency of its use. So what's the real story? The application frequency 

of each inventive principle were analyzed in all competition works and the winning 

ones, and then these principles were ranked according to their use frequencies from the 

highest to lowest. Fig.6 illustrates the comparing result of the sequence and the original 

sequence. 
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Fig.6: the comparison of application frequency ordering of inventive principles 
 
 
 
 
 
 
 
 
 
 



The 2019 International Conference on Systematic Innovation 

July 08-11, 2019, Liverpool, The UK 

 

644  

Fig.6 reveals two interesting findings: 

(1) Besides a few inventive principles (10 in total shown in detail in table 3), the 

majority of principles are similar in the ranking of all competition works and award- 

winning works. This shows that the order of the application frequency of the inventive 

principles in these competition works is not an accidental phenomenon, but has a certain 

degree of regularity. If you remove 10 of the big differences, you can see more clearly 

how similar they are in order, as shown in Fig. 7. 

(2) There is a big difference between the original order and the order of the 

application frequency of the inventive principles in all competition works and award- 

winning works. In order to better demonstrate this difference, we use the original order 

of the inventive principle as the benchmark, use the order of inventive principle in the 

winning works to compare, and bounded by five sorting gaps. The 40 inventive 

principles can be divided into three groups: the Promotion group (The ranking is more 

than five places in advance), the Descending group (The ranking is more than five 

places behind) and the Invariant group (the variation in the ranking gap is less than or 

equal to five). The promotion group indicates a large increase of the application 

frequency of the inventive principle, the descending group indicates that the application 

frequency of the inventive principle has a large decrease, and the invariant group 

indicates that the application frequency of the inventive principle changes little, and the 

specific grouping situation is shown in Table 4. 

Table 3: the inventive principles with large sorting gap (sorting gap >5) 
 

Inventive 

Principles 

Order for All Works Order for Winning 

#3 11 3 

#4 24 14 

#7 29 13 

#8 40 23 

#9 39 24 

#10 20 12 

#13 9 16 

#30 32 38 

#36 28 34 
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#38 31 39 
 

 

Fig.7: The order of the 30 inventive principles in all competition works and winning works 

Table 4: Grouping of 40 inventive principles 

inventive principles 
 

Promotion 
 

group 

#15(9), #19(9), #23(16), #24(16), #26(8), #27(18), #31(6), #32(6), #33(6), 
 

#35(24), #37(17), #39(11), #40(35) 

Invariant #1(1), #2(1), #3(0), #6(2), #10(2), #13(3), #14(3), #17(2), #18(4), #25(4), #28(2), 

group #29(2), #34(5), #36(2), #38(1) 

Descending #4(10), #5(10), #7(6), #8(15), #9(15), #11(21), #12(25), #16(17), #20(15), 

group #21(19), #22(14), #30(8)       

Note: The numbers in parentheses after the inventive principles in the table indicate the 

corresponding variation of the inventive principles. For example, #15(9) indicates that the inventive 

principle #15 has risen nine places from the original 15th, and is now ranked sixth. 

In table 4, the rank of inventive principle #40(composite materials) has taken a 

substantial increase, from the original 40th to the current 5th, which may be related to 

the rapid development of the current material industry; inventive principle #1 

(segmentation), inventive principle #2 (extraction) and inventive principle# 3 (local 

quality) has not changed much, and remains in the top 3; and the application frequency 

of Invention #11 (cushion in advance) and inventive principle #12 (equipotentiality) 

has dropped significantly. 

The above analysis results prove that the application frequency of the 40 inventive 
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principles based on statistical methods is not static. Different application environments 

and different periods may result in a large change in the order of application frequency. 

Therefore, in the teaching process of 40 inventive principles, all inventive principles 

should be treated equally. 

 

4. Conclusion 
 
 

This paper comprehensively uses the methods of statistical analysis and text 

analysis to study 1,801 items of competition works. Through the statistical analysis of 

TRIZ tool usage in competition works, this paper draws the following main conclusions: 

(1) Inventive principles are the most widely used in competition works, and the 

application frequency of the invention principle is independent of its serial number. 

(2) TRIZ still works most effectively in solving engineering technical problems. 

Although the competition works come from more than forty disciplines background, 

the awarded works mainly (up to 80%) come from engineering field. 

(3) Competition works seldom apply methods belonging to creative thinking and 

it is hardly to find application examples of little people modeling and STC operator. 

This paper also analyzes 428 items of winning works by text mining approach with 

the findings as follows. 

(4) In terms of specific application of TRIZ tools, some TRIZ tools are only used 

mechanically, lack of in-depth exploration of solutions. For example, multiple 

directions for solving the problems have been provided by TRIZ tools (more than one 

inventive principle and standard principles can be applied), but some students only 

choose one or two relatively easy directions and they usually can be proposed through 

common sense or experience. 

(5) With regard to the comprehensive using of TRIZ tools, the TRIZ tools are often 

used independently, and there is no logic relationship among the tools which they used. 

Therefore, the powerful function of TRIZ in solving problems fail to be brought into 
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play. 

(6) From the application effect of TRIZ tools, solutions are often lack of creativity. 
 

"First there is a solution, then apply a TRIZ tool" phenomenon is very common, some 

solutions are impossible to be deduced from the application of TRIZ. 

As a powerful and effective method, TRIZ provides many tools to solve the 

problems of invention and creation, but it also makes the system application of TRIZ 

tools too complex to be mastered in a short time. In addition, some TRIZ tools are easy 

to learn and difficult to use, that is, the specific content of TRIZ tools is very easy to 

learn, but it is often difficult to solve problems with these tools. Therefore, during the 

future TRIZ teaching and TRIZ competition guidance, students should be required to 

describe the problems more carefully and accurately, to understand the problems better; 

students should be strengthen the logicality of applying TRIZ tools to solve problems, 

and release the powerful power of integrated application of multiple TRIZ tools on the 

basis of flexible application of single TRIZ tools; students should be encouraged to 

challenge multiple possible solutions, especially those that are inconsistent with 

common sense and experience, to achieve more effective and creative solutions. 
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The Expansion of QFD theory based on Chinese culture and 

its application in innovative design 
 

 

 

 

Abstract 
 

The application of QFD theory in Chinese enterprises had appeared the problems 

such as the difficulty to guarantee effectively. The author found that the fundamental 

reason was the difference of quality culture. So for Chinese enterprise quality culture 

characteristics, the author studied a variety of QFD methods for Chinese enterprises. 

On the basis of these methods, the author proposed in the software, equipment, 

materials, medical, service and other fields. In this paper, the author integrated these 

research results and sort out the author's experience in QFD research for several decades 

and hundreds of academic papers that have been published in QFD research, and 

proposed the framework of the Chinese QFD theory and method, and formed the 

localization of QFD with Chinese characteristics, Finally, the application cases in the 

innovative design are given. 

 
Keywords: Quality Function Deployment (QFD); quality culture; Confucian culture; 

the innovative design 
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基于中华文化的 QFD 理论拓展及在创新设计中的应用 
 

熊伟 

浙江大学 

摘要 

 

QFD 理论在中国企业的应用过程中出现了有效性难以保障等问题，笔者发现

其根本原因是质量文化的差异，于是针对中国企业质量文化的特点，研究了多种

适合中国企业实际情况的 QFD 方法，并在这些方法的基础上，提出了在软件、

装备、材料、医疗、服务等领域中的 QFD 应用模型。本文集成这些研究成果并

整理笔者数十年 QFD 研究经历和已发表的百余篇学术论文的研究脉络，提出基

于中华文化的中国式 QFD 理论和方法的框架，并给出了在创新设计中的应用案

例。 

 

关键词：质量功能展开（QFD）；质量文化；儒家文化；创新设计

前言 

质量功能展开(QFD)由赤尾洋二教授提出，在日本企业得到广泛应用，并取 

得显著成效。作为中国第一位赴日本学习 QFD 的留学生，笔者最早从 1991 年开

始向中国介绍 QFD 理论，2003 年回国后进一步在中国全面开展 QFD 理论研究

与实践，但 QFD 方法在中国企业的应用过程中表现出水土不服、难以达到预期

效果。笔者发现根本原因在于质量文化的差异，于是针对中国企业质量文化的特

点，研究适合中国企业实际情况的 QFD 方法，包含需求挖掘方法、重要度评价

方法和质量映射传递方法，在这些方法的基础上，提出了在软件、装备、材料、

医疗、服务等领域的 QFD 应用模型，本文集成这些研究成果构建中国式 QFD 理

论和方法的框架，这也揭示了作者数十年的 QFD 研究经历和已经发表的百余篇

学术论文的研究脉络，形成了中国特色的本土化 QFD 理论，并给出了在创新设

计中的应用案例。 

 

1. 基于中华文化拓展 QFD 理论的背景与思路 

 

1.1 在日本学习与研究 QFD 

 
1991 年笔者作为中国第一位赴日本学习 QFD 的留学生，在进入山梨大学博

士课程的同时，参与了以赤尾洋二教授为委员长的日本科学技术联盟 QFD 研究 
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会活动。笔者专攻 QFD 与软件领域的交叉研究，在 1995 东京第一届国际 QFD 

研讨会上，与新藤久和教授共同提出了 SQFD（软件质量功能展开）理论模型。

同年发表在日本质量权威刊物《品质》上的论文为诺贝尔奖获奖者西蒙 

（H.A.Simon）教授的系统准分解理论提供了具体方法。作为 SQFD 模型的前提

研究在新藤久和教授的指导下提出了基于图论的软件结构设计法，并发表于日本

信息领域顶级期刊《日本信息处理学会志》。1996 年笔者在赤尾洋二教授的主持

答辩下获得全日本第一个 QFD 博士学位，此后 10 多年继续追随赤尾洋二教授和

新藤久和教授在日本研究和实践 QFD。从最初开始笔者就接受赤尾洋二教授和

新藤久和教授的建议，从 QFD 理论的发源地—日本向中国国内介绍 QFD 理论。

从 1991 年开始，笔者不断在《上海质量》、《中国质量》、《工厂管理》、《管理工程

学报》、《计算机应用》等介绍 QFD 研究成果数十篇。通过发表论文的形式向国

内介绍 QFD 理论，同时追踪国际上 QFD 的最新发展动向。 

 

1.2 在中国传播与应用 QFD 

 
2003 年回国工作的笔者，在浙江大学组建以 QFD 为中心的研究团队，2009 

年成立质量与绩效管理研究所，2013 年升格为浙江大学质量管理研究中心，并联

合中国质量协会和浙江省质量技术监督局开始全面研究和实践中国 QFD 模式。 

 

在 QFD 理论研究方面，浙大 QFD 团队包含博士生在内已拥有近 100 名研究

成员，发展为世界上规模最大的 QFD 研究基地，2006 年开始首次招收 QFD 方

向的博士研究生，基于 QFD 重点开拓质量创新、生态质量、食品质量安全、医

疗质量、供应链质量、神经质量管理学等质量科学研究新领域，被列入国家基金

“十一五”重大研究计划，得到国家自然科学基金（面上项目和重大研究计划项

目）、国家社会科学基金重大项目（全国质量领域仅两项）的连续资助。 

 

熊伟团队的研究与应用成果以百余篇研究论文和博士、硕士学位论文的形式

在国内外公开发表，作为中国质量协会卓越质量丛书，出版《质量机能展开》（熊

伟著，化学工业出版社  2005），《质量功能展开--从理论到实践》（熊伟著，科学

出版社 2009 出版），《质量功能展开--理论与方法》（熊伟著，科学出版社 2013 出

版）系列三本 QFD 专著，成为目前中国几乎所有 QFD 研究和实践的参考书。近

期归纳 QFD 拓展研究，出版《设计开发质量管理》（熊伟、苏秦著 中国人民大

学出版社 2013 ），《质量创新—基于质量功能展开的系统方法》（熊伟著 中国质

检出版社  2015），《顾客满意系统实现方法》（熊伟等著  科学出版社  2018），从

而引领国内 QFD 研究的新方向，并使中国 QFD 学术研究跨入国际先进行列。

QFD 培训推广方面，笔者为中国质量协会、深圳市质量协会、珠海市质量协 
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会等协会讲授 QFD 公开课，应邀为香港第十二届品质大会等质量大会作 QFD 专

题报告数十场。为中国航天、中国航空、中船重工、中国兵器、中国电信、第一

汽车、东风神龙汽车、海马汽车、海尔集团、海信集团、美的集团、鞍山钢铁、

万科房地产、云南烟草、娃哈哈、横店集团、金蝶软件、福建电力、英博啤酒、

正泰电器等数百家大型企业提供 QFD 培训和咨询。 

 

QFD 应用实践方面，熊伟团队辅导了海马汽车、宁杭高铁、万科房地产、北

方发动机、浙江中烟、东忠软件等数十家企业的 QFD 应用项目。在浙江省质量

技术监督局的支持下，帮助浙江省数十家企业应用 QFD 并获得中国质量协会质

量技术奖中的优秀质量功能展开项目和浙江省质量创新项目。在每年一期的“浙

江制造”品牌培育训练营中，有数百家企业导入 QFD 理论。目前熊伟团队在航

空、兵器、汽车、机电、电器、软件、医院、房地产、生物医药、玻璃纤维、教

育、餐饮、旅游等领域均有 QFD 应用案例。 

 

所有这些工作都对 QFD 在中国的普及和应用起到积极作用，今天，QFD 已

在中国各界引起了广泛的重视。浙大协助中国质量协会于 2005 年组织成立了全

国 QFD 研究会(赤尾教授担任顾问、笔者任副主任)，为进一步推动中国 QFD 的

理论研究和实践，提供了平台。2008 年举办了第十四届国际质量功能展开研讨

会，2011 年又在浙大团队的策划下由中国质量协会与浙江大学共同主办了 2011 

中国 QFD 与创新论坛，浙江大学质量管理研究中心主办的第二十一届国际质量

功能展开研讨会，以及 2016 年开始每年主办的亚洲质量功能展开与创新研讨会

又将中国 QFD 研究与实践推上了新的高度。 

 

1.3 探索与提出中国式 QFD 

 
赤尾洋二教授提出的 QFD 理论，在日本取得巨大成功，广泛应用于各类企

业。但 QFD 导入中国之后，在应用过程中经常会遇到一些困难，有效性也难以

保障，经过多年的研究笔者终于发现，其根本原因是质量文化的差异，QFD 具有明

显的日本质量文化特色，而中国文化博大精深，中国企业具有自己的思维方式和

管理特点，如何将 QFD 融入中国本土质量文化，更适合中国企业的实际情况， 这

是笔者多年来一直思考的问题，为此笔者从文化、方法、模型、应用等多个维度

开展探索性研究，在已经发表的百余篇 QFD 学术论文中提出数十种需求挖掘方

法、重要度评价方法和质量映射与传递方法，在这些方法的基础上，提出了在软

件、装备、材料、医疗、服务等领域的 QFD 应用模型。另一方面，笔者数十年

从事 QFD 研究，学术论文超过百余篇，专著 10 余部，科研课题数十项，通过整

理这些研究论文逐渐清晰了 QFD 理论本土化的研究脉络和理论框架。为此， 
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笔者基于数十年 QFD 理论的本土化研究与实践积累，提出中国式 QFD 理论与方

法，这也是熊伟团队 QFD 研究的集大成，在中国 QFD 学术界和实践领域具有里

程碑的意义。 

 

2. 基于中华文化的 QFD 理论拓展 

2.1 中国质量文化 
我国从古擅长制作手工艺品，对质量有着严苛的追求，从我国陆续出土的文物看， 

其中很多做工精良，历经千年仍然保存完好。追溯我国古代能取得如此高的质量成就与

中国传统文化密不可分。 

中国传统文化源远流长，博大精深，蕴含着丰富的哲学思想。儒家思想是中国传统

文化中的主流思想，它以心灵的自我修养与自我完善为主要目的，倡导孝、悌、忠、信、礼、

义、廉、耻，而儒家文化的精髓主要在仁、礼和中庸这三个方面，一直绵延至今。儒家、

道家、法家等各主流学派始终将“诚信”置于重要地位。 

质量文化是自然形成的一系列有关质量问题的意识、观念、规范、价值取向、行动

准则、思维方式、风俗习惯的总和。受传统文化长期熏染，我国也形成了一些关于质量

的思维方式和行为习惯。 

中国社会是一种情理合一的社会，大多数人的办事和处世原则既不会偏向理性， 

也不会偏向非理性，而是希望在两者之间做出平衡和调和。随着儒家“礼”文化地位的

稳固，“克己复礼”的观念深入人心，即要克制自己的欲望，让自己的感情不要随意发泄。因此，

中国社会讲究“情面”，强调为人处世留有余地。 

儒家文化的“中庸”没有人让人进取也没有让人不进取，而是告诉人无论强弱、无

论进退都应持有的态度。所谓持两用中，过犹不及，是“中”，不是前也不是后，不是

左也不是右，而是一个外界与内心、形势与实力的平衡点。同时倡导为人处世的境界， 

所谓“内方外圆”，就是要求人品正直，但外在表现可以圆滑。这些最终成为中国人的质量

文化特点，在企业质量管理过程中，既正面促进企业质量管理也负面影响产品质量。 

 

2.2 QFD 与中国文化的融合 
 

在中国企业实施 QFD 的第一阶段即顾客需求展开过程中，相比于西方人的

直接表述方式，由于中国人比较注重情面，表达比较含蓄和暧昧，人们为了顾及

对方感受，往往压抑内心真实想法，甚至有时候口头表述与内心真实想法不完全

一致，这使得了解顾客内心真实想法和获取顾客真心需求的工作难度变得相对比

较大。笔者考虑从技术角度缓解和解决这些问题，提出了一系列顾客需求挖掘和

分析方法，首先导入机械制图原理，可视化地描述对象（产品），提出基于质量

屋的产品描述法，然后基于三层次需求分析模型，研究了多种需求结构化分析法

和数量化理论分析法，近期在拓展全新的医学脑电波感知质量分析，使顾客需求

可视化、完整化和充分化。这些形成了中国式 QFD 模型的需求挖掘分析子模型。 

 

在 QFD 重要度评判过程中可能受中庸之道的儒家文化影响，大多数人从众

心理比较明显，喜欢跟随，不愿出头，不明确或不率先表达自己的观点，有时在

大众前妥协甚至放弃自己的观点，使得 QFD 重要度评判模糊或趋向于近似值。

为此，笔者提出了模糊 AHP、粗糙集 AHP，研究了运用神经网络、混沌理论、

灰色系统、语言信息决策理论、系统准分解理论的重要度评判法。拓展了顾客满 



The 2019 International Conference on Systematic Innovation 

July 08-11, 2019, Liverpool, The UK 

653 

 

 

文 
化 

方 
法 

模 
式 

应 
用 

 

中国QFD模型 

质量映射控制子模型 质量规划设计子模型 需求挖掘分析子模型 

• 质量屋需求映射方法 
• 动态QFD 
• 灰色理论动态需求预测 
• 质量屋过程控制模式 
• 质量风险评估与控制方法 
• TRIZ技术冲突消解法 
• 质量系统生物演化 

• 重要度评判法（模糊AHP、粗糙集
AHP、神经网络、混沌理论、灰色
系统、语言信息决策理论、系统准
分解理论） 
• 顾客满意度定量分析法 
• 逆向QFD评价法 
• 概念设计法、质量设计法 

• 质量屋产品描述法，真心需求挖

掘方法，三层次需求分析模型 

• 脑电波感知质量分析，需求结构

化分析法，数量化理论分析法 

(需求可视化、完整化、充分化) 

差不多 

（直觉思维、变通、圆滑） 

中庸之道 

（从众心理、不出头） 

讲情面 

（含蓄、暧昧） 

中 国 质 量 文 化   

• 软件QFD模型、外包软件QFD模型、 基于QFD的软件质量保证模型 
• 装备产品QFD设计创新模型、QFD质量管控模式、流程性产品QFD模型 
• 医疗QFD模型、商业服务QFD模型、教育QFD模型 

意度定量分析法，逆向 QFD 评价法，以及基于 QFD 的产品概念设计法、质量设

计法等。这些方法为中国式 QFD 模型的质量规划设计子模型奠定了基础。 

 

在 QFD 需求映射与传递过程中，由于中国人“差不多”的行为习惯，很多

人凭直觉思维，擅长变通和圆滑，使得需求传递精准度与在国外应用 QFD 时相

比更难保证。为此，熊伟团队研究了质量屋需求映射方法、动态 QFD、灰色理论

动态需求预测、质量屋过程控制模式、质量风险评估与控制方法、TRIZ 技术冲

突消解法等，近期又展开质量系统生物演化和生态质量方面的研究。这些构成了

中国式 QFD 模型的质量映射控制子模型。 

 

 

 
 

中国式QFD理论与方法 
 

 

 

 

 

 

 

 

 

 

 

 

 
 

拓展： 生态QFD、基于QFD的医学神经质量管理学、供应链QFD、云质量QFD 

 

图 1  中国式 QFD 理论与方法框架 

 
2.3 中国式 QFD 理论与方法框架 

 

针对中国文化特点研究本土化 QFD，形成需求挖掘方法、重要度评价方法和

质量映射传递方法等数十种方法，分成三大类，分别支撑需求挖掘分析子模型、

质量规划设计子模型和质量映射控制子模型三个子模型，以质量屋系列矩阵为纲

领，集成这些子模型，提出中国式 QFD 模型，给出了 QFD 模型在软件、装备、 
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材料、医疗、服务等领域的应用，从文化、方法、模式、应用等维度构建了中国

式 QFD 理论与方法框架，如图 1 所示。QFD 模型通常是顺序进行的，在实施过

程中，通过一系列质量屋，构成瀑布式分解过程，同时在不同阶段，辅之以适当

的分析方法。质量屋以输入-输出策略为基础，"什么"展开为"如何"，然后"如何" 

又演变为下一个阶段新的"什么"，上一步的输出就是下一步的输入,如此循环，将

顾客需求逐步展开至质量策划、质量设计、质量控制的各阶段过程及各个环节， 

并通过重要度变换，建立起一系列流程和控制目标，通过实现和协调这些指标（目

标），控制和保证产品的最终质量，从而确保满足客户需求和实现顾客满意。 

 

3. QFD 拓展理论在创新设计中的应用 

 
 

3.1 基于中国式 QFD 的产品质量创新设计 
 

随着产品开发的目标越来越高、难度也日益增加，需要把不同设计理论中的设计工

具集成为统一的设计模型以适应产品设计过程中的各阶段，以实现顾客满意导向的质量

创新设计。 

QFD（质量功能展开）是顾客导向的产品设计方法，能将顾客需求有效转换为产品

设计中的技术参数，识别关键技术参数，并发现技术瓶颈。而TRIZ（发明问题解决理论） 

被用来帮助工程人员找到在产品开发过程当中技术问题的创新解决方案。TRIZ主要是解

决设计中如何做的问题（How），对设计中做什么的问题（What）未能给出合适的工具，

而QFD恰恰能解决做什么的问题。虽然TRIZ能提供创新性设计方案，但是在具体的产品

结构参数选择等方面存在着不足，DOE方法恰好能祢补QFD和TRIZ的不足。通过TRIZ的应

用，还可以弥补DOE方法不能消除引起变异原因的缺陷。为此，这里将QFD、TRIZ、DOE 
方法结合起来，给出一个基于中国式QFD的产品质量创新模型，如图3所示。该模型主要

包括：顾客需求挖掘子模型、产品概念开发子模型、产品质量创新设计子模型和综合质

量优化子模型等。 



 

655 
 

型

需求聚类或 

层次化 
预 冲

 

 

   
 

开始 QFD 

 
T 

自相 
 

 
 

冲突 
 

 

 

物 
 

76 个标 

换 物理

分离 

冲突 
 

 

DOE 

或 
 

方 

 

  

确定关键技 

 

圖 3 基于中国式QF6D94的产品质量创新模 
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3.2 基于 QFD 的医疗服务质量创新模式 
 

本模式如图4所示，主要思想是主动打造具有魅力性的质量创新特征，即以质量功能展开

(QFD)为核心，从初期阶段开始对医疗服务质量创新需求实施系统化的分析、规划、映射和控

制，形成一套系统性的医疗服务质量管理创新理论模式和实现方法，从而定量地实现患者满意和

质量创新。 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

创新之处有： 

图4 基于QFD 的医疗服务质量创新模式 

①从被动式质量控制向主动打造魅力性质量创新方式的转变。本模式为主动打造具有魅力性的质

量创新特征，实现医疗服务差别化，形成医院核心竞争力提供了具体的实现工具和方法。 

②从离散的方法应用向系统化的医疗服务过程质量控制模式的转变。现有的质量方法在医疗应用

中仅局限于离散的医疗阶段和独立的工具，对如何进行系统化的医疗质量控制尚缺乏理论与方法支持。

本模式以QFD为核心有机集成TRIZ、FMEA等方法，实现离散的方法应用向系统化的医疗服务过程质量控制

模式的转变。 

③从事后调查向早期的事先评估与预测的思路的转变。目前患者满意度是在就医以后，事后进行

测评，本模式在早期的医疗服务阶段定量地评估需求的满足程度，能预测患者满意度，从而在医疗服务方

案实施前修正。 

3.3 QFD 助推“浙江制造”创新 

 
浙江省政府为推进浙江制造业转型升级和创新发展，以标准和认证为抓手，开展“浙江制造”品牌建

设，通过高标准的运用实施来引领“浙江制造”的高品质发展，对符合高标准、高品质要求的浙江产品进行

“浙江制造”认证，通过持续和整体培育，努力打造形成集质量、技术、服务、信誉为一体，市场与社会公

认的“浙江制造”区域综合品牌。“浙江制造”品牌特征主要体现在品质卓越、自主创新、产业协同、 
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社会责任四个方面，而QFD作为设计开发技术与管理相结合的中间技术成为了支撑“品质卓越”和“自

主创新”两个“浙江制造”品牌特征的支柱，如图5所示。QFD可以助推“浙江制造”品牌建设。 

 

 

图 5 QFD 与浙江制造 

 
3 结束语 

 
本文总结了笔者数十年在 QFD 领域针对中国企业文化特点研究的数十种 QFD 方法和多

个领域的应用模型，梳理了已经发表的百余篇 QFD 学术论文的研究脉络，基于中华文化拓展

QFD 理论，提出了中国式 QFD 理论和方法的框架，形成了中国特色的本土化 QFD 理论，在

质量科学和 QFD 学术领域是一个重要的里程碑，也为中国企业有效应用 QFD 提供指南。 

 

最后，本文受国家社会科学基金重大项目资助（项目号：12&ZD206）研究，特此感谢)。 
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