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The world we are living in is now expanding quickly. Our world yesterday was 
closed but now it is wide open. In a closed world, we could make predictions. 
Designers could foresee how people would behave so they could define missions 
and could design machines and products. But today situations change very exten-
sively and very frequently. If the world is closed and does not change appreciably, 
we could make decisions rationally or in other words based on logics of induction 
and deduction. But it becomes more and more difficult to make decisions and act 
rationally. All we know are a starting point and a goal, nothing more. If the bound-
ary is clear, then we could apply such a method as reinforced learning which is 
often applied to navigate a robot in an unstructured environment. But in an open 
world, boundaries disappear so we have no other ways than to make decisions and 
take actions by trials and errors.

In a closed world, we could find an optimum but in an open world we  cannot 
even define a global optimum. Thus, we have to come back to the basics of 
 engineering. What is engineering for? Engineering is here to make our dreams 
come true or to satisfy our expectations. Thus, in an open world, we have to 
 consider how we can satisfy our customers’ expectations instead of searching for 
an engineering optimum. So design is changing quickly to a satisfying design or 
how we can develop a product which our customers feel good enough. This means 
performances are more important than functions. We have to get away from our 
traditional function-based design and move toward satisfaction-focused design. To 
achieve this goal, we have to know how our customers emotionally reacts to our 
products and further in order to design a new product, we have to know how they 
make decisions emotionally.

Yesterday’s design was one way from the producer to the customer. It is very 
much linear. But today's design has to be very reflective. We have to know the 
feedbacks from our customers. We have to communicate more and more to under-
stand their emotions in order to develop a new product.

Chapters in this volume describe many different aspects of such changes in 
design and how emotion plays an important role there. This volume contains many 
sensing issues of emotion, which are crucial in emotional design. Engineering yes-
terday focused more on machines and we made our efforts to increase their capa-
bilities. It is actuation-focused. But if you read these chapters, you will find out 
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how engineering is changing from actuation-based to sensing-based. Sensing plays 
a very important role in today’s engineering. Yesterday, sensing was carried out to 
gather information and signals were well defined. But today we do not know what 
we should sense and how we can sense it; although sensing is very important to 
understand our customers’ emotions, how we can detect emotions is still an open 
issue today. It is a much complex issue and we have to find our ways how we can 
sense emotions better. These chapters will provide a good perspective in which 
direction we should move forward.

I hope this book will help engineers navigate through uncharted waters of 
tomorrow and surf the big tides of change.

Finally, I would like to thank all the authors from the bottom of my heart for 
contributing chapters out of their busy schedule and would also like to thank 
Mr. Anthony Doyle and Ms. Grace Quinn, both at Springer, UK.

Shuichi  Fukuda



vii

1 Emotion and Satisficing Engineering  . . . . . . . . . . . . . . . . . . . . . . . . . . . 1
Shuichi Fukuda

2 Emotion and Innovation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11
Shuichi Fukuda

3 Touch Feelings and Sensor for Measuring the Touch Feeling . . . . . . . . 23
Mami Tanaka

4 Eliciting, Measuring and Predicting Affect via Physiological  
Measures for Emotional Design . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 41
Feng Zhou and Roger Jianxin Jiao

5 Sensory Stimulation of Designers  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 63
Céline Mougenot and Katsumi Watanabe

6 FuzEmotion: A Backward Kansei Engineering Based  
Tool for Assessing and Confirming Gender Inclination  
of Modern Cellular Phones  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 73
Hsiang-Hung Hsiao, William Wei-Lin Wang and Xun W. Xu

7 ProEmotion: A Tool to Tell Mobile Phone’s Gender . . . . . . . . . . . . . . . 95
William Wei-Lin Wang, Hsiang-Hung Hsiao and Xun W. Xu

8 Kansei Engineering: Methodology to the Project Oriented  
for the Customers  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 107
Viviane Gaspar Ribas EL Marghani, Felipe Claus da Silva,  
Liriane Knapik and Marcos Augusto Verri

9 Kansei Engineering: Types of this Methodology  . . . . . . . . . . . . . . . . . . 127
Viviane Gaspar Ribas EL Marghani, Felipe Claus  da Silva, Liriane  
Knapik and Marcos Augusto Verri

Contents

http://dx.doi.org/10.1007/978-1-4471-4984-2_1
http://dx.doi.org/10.1007/978-1-4471-4984-2_2
http://dx.doi.org/10.1007/978-1-4471-4984-2_3
http://dx.doi.org/10.1007/978-1-4471-4984-2_4
http://dx.doi.org/10.1007/978-1-4471-4984-2_4
http://dx.doi.org/10.1007/978-1-4471-4984-2_5
http://dx.doi.org/10.1007/978-1-4471-4984-2_6
http://dx.doi.org/10.1007/978-1-4471-4984-2_6
http://dx.doi.org/10.1007/978-1-4471-4984-2_6
http://dx.doi.org/10.1007/978-1-4471-4984-2_7
http://dx.doi.org/10.1007/978-1-4471-4984-2_8
http://dx.doi.org/10.1007/978-1-4471-4984-2_8
http://dx.doi.org/10.1007/978-1-4471-4984-2_9


Contentsviii

10 Interaction Between Emotions and Mental Models  
in Engineering and Design Activities . . . . . . . . . . . . . . . . . . . . . . . . . .  149
Robert J. de Boer and Petra Badke-Schaub

11 Emotional Quality Inspection for Revealing Product Quality . . . . . .  165
Teruaki Ito

12 Design Impression Analysis Based on Positioning Coloring  
of Design Elements . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  181
Hideki Aoyama and Naoki Okamura

13 Robust Design on Emotion for PET Bottle Shape Using  
Taguchi Method . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  195
Khusnun Widiyati and Hideki Aoyama

14 Multisensory User Experience Design of Consumer Products . . . . .  219
Monica Bordegoni, Umberto Cugini and Francesco Ferrise

http://dx.doi.org/10.1007/978-1-4471-4984-2_10
http://dx.doi.org/10.1007/978-1-4471-4984-2_10
http://dx.doi.org/10.1007/978-1-4471-4984-2_11
http://dx.doi.org/10.1007/978-1-4471-4984-2_12
http://dx.doi.org/10.1007/978-1-4471-4984-2_12
http://dx.doi.org/10.1007/978-1-4471-4984-2_13
http://dx.doi.org/10.1007/978-1-4471-4984-2_13
http://dx.doi.org/10.1007/978-1-4471-4984-2_14


1

Abstract Emotion has been considered to be noises in our traditional engineering 
because it is situation-dependent and fluctuates very much. But today situations 
come to change very often and extensively so that it is very difficult to make deci-
sions on a rational basis. If we remember that global optimization is achieved uti-
lizing fluctuations and if we note that AI programs such as the one described by 
Prolog manages the processing sequence based on verbs, and that verbs are very 
closely related with our motions, which relates to emotions as etymology indicates. 
Thus, emotion plays a very important role in our decision making. Although our 
world is expanding very quickly, the distance and width we can see or what we 
can experience are limited. Thus Simon’s idea of “satisficing” or “satisfied enough” 
becomes very important. “Satisfied enough” is nothing other than emotion. 
Therefore, tomorrow’s engineering must consider emotion as a very important fac-
tor in our product development, because everybody has his or her own perspective 
of the Open Word, or “My World”. He or she makes decisions from the standpoint 
of My World. Thus, products must be designed and developed to meet expectations 
which originate from My World.

1.1  Why Emotion Has Been Disregarded in Engineering

Up to now, the world we have lived in was closed with definite boundaries and 
there were small changes. Therefore, we could make predictions easily because 
quantitative data were available without any difficulty. Reproducibility has been 
the primary focus of our traditional engineering so engineering design pursued 
to be situation-independent. Humans were considered as functional elements just 
in the same way as machine elements. This is nothing special with engineering. 
Economics has developed based on such a functional model of economic agents.

Chapter 1
Emotion and Satisficing Engineering

Shuichi Fukuda

S. Fukuda (ed.), Emotional Engineering vol. 2, DOI: 10.1007/978-1-4471-4984-2_1,  
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2 S. Fukuda

But as we enter the twenty first century, situations come to change very often 
and extensively. To foresee the operating conditions becomes increasingly diffi-
cult. It is users who know what is happening now and no one else but only they 
can respond to changing situations. Therefore, design has changed very quickly 
from designer-centric to user-centric. Machines not only have to respond flexibly 
and adaptively to diverse requirements or commands of users, but they also have 
to sense the changes and provide necessary information. Thus, not only actuation 
but sensing also becomes very important for a machine.

1.2  Engineering Varies Very Much from Field to Field

There are many different fields in engineering and their ways of thinking vary widely 
from field to field. Most mechanical engineers regard engineering only in the frame-
work of artifacts. They think they can achieve best quality, if they do their best. They 
think most parameters are manageable or controllable. For example, if workers’  
performance is not good, they will replace them with robots and if humidity in a fac-
tory is too much high for welding, they will introduce air conditioning. What makes 
such decisions easy is because most mechanical products are produced in mass so 
mechanical engineers can make quantitative evaluation without too much difficulty.

But in the case of civil engineering, situations are very much unpredictable in 
most cases. Their products are used in natural environments and they are produced 
to order. Unexpected things such as collapse of the ground occur very often. Thus 
civil engineers are very well aware that some of the constraints are very much hard. 
Therefore, while mechanical engineers tend to regard most constraints as soft or 
negotiable, civil engineers know there are truly hard or non-negotiable constraints. 
Thus, while mechanical engineers make their efforts to achieve the top or desirable 
quality, civil engineers do their best to secure the bottom or allowable (or acceptable 
to their customers) quality. In addition to such natural factors, civil engineers have 
to consider human factors because their products are usually very large and have to 
be constructed on site.

Shipbuilding engineers are somewhere in between these two. Although ships 
are constructed in the shipyards, they navigate in natural environments.

There are fields where heuristics are important. Take welding for example. We 
cannot model welding phenomenon very well. But we can control welding processes 
by selecting appropriate controllable parameter points in the peripheral region.

1.3  What Is Common Across Fields?

Although the manner of product development differs so widely from field to 
field, all of them are called “Engineering”. Then, what is common across them? 
Engineering provides us with things not available in nature.



31 Emotion and Satisficing Engineering

One definition of a human is “Home Faber”. We “make” tools. Animals can 
use tools which are available in nature. But humans are not satisfied with natu-
rally available tools and they make tools to realize their dreams. What differenti-
ates humans from animals is humans can think about the future [1]. The fact we 
can dream differentiates us from animals. Engineering is an activity of creation. 
We create our products to make our dreams come true. So how we can meet and 
satisfy people’s expectations is very important and crucial in engineering.

1.4  Twentieth Century was the Age of Dreams

Although it is often said that the twentieth century was an age of products or of 
material satisfaction, it is not true. Rather, it is an age of dreams. People dreamed 
about products they would like to have and such products were developed and 
delivered in response to their expectations. People knew what they wanted and 
they felt their expectations were being satisfied in the twentieth century.

Apart from such daily life satisfactions, successes such as landing man on the 
moon convinced people that they were living in an age of dream come true. People 
were excited to watch their dreams being realized. Thus, the twentieth century is 
the age of dreams. Many dreams came true. Engineering in the twentieth century 
was an extension of past experiences. People knew what to expect and their expec-
tations were truly met and satisfied. Therefore, people put trust in engineering.

Such successes were brought about because our world was closed. But as we 
enter the twenty first century, our world becomes quickly open. The boundaries 
disappeared and our world keeps on expanding. Yesterday people could make 
decisions easily because changes were small so they could rely on their experi-
ences. People could expect what will come next. They did not have much diffi-
culty in decision making. In a Closed World, set theory holds and the logics of 
induction and deduction are effective. Closed World is a world of rationality.

But today never-experienced and unknown products are being developed in large 
amounts. Therefore people feel uneasy about these new products. How we can help 
them make appropriate decisions without such anxieties is a pressing issue.

1.5  Twenty first century is the Age of Exploration

In the twentieth century, our world was bounded and closed. So the principle of 
rationality held true. Set theory was effective and we could apply induction and 
deduction approaches. We could make appropriate decisions without too much dif-
ficulty and act rationally. But as we enter the twenty first century, our world is 
quickly opening. The boundaries are disappearing and our world is expanding at 
an unprecedented speed. In such an open world, our traditional approaches are no 
more effective.
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The twenty first century is the age of exploration. We are exploring the New 
World. In such an Open World, the most important task is to determine our desti-
nation. Thus, strategy precedes tactics. It is no longer an age of problem solving. 
Setting a goal or defining a problem becomes top priority.

If our world is bounded, we can apply such an approach as reinforced learning, 
even if the path is not known. It enables us to navigate through uncharted waters 
because there are boundaries.

But the world we are living in today has no more boundaries. The only informa-
tion we have is about places of departure and arrival. Therefore, only trial and error 
approaches or reflective approaches such as Abduction, PDSA and Reflective Practice 
[2–4] can be applied. They are based on Pragmatism. It is none other than the world 
of “All’s well that ends well”. The twenty first century is the Age of Pragmatism.

1.6  Emotion and Decision Making

Emotion comes from the Latin words E = Ex (out) + Movere (move). And 
Motivation and motive come from the same word Movere (move). Thus emotion 
and motivation constitutes such a cycle as shown in Fig. 1.1.

This is a reflective cycle, same as in Abduction, PDSA and Reflective Practice. 
Emotion plays an important role in decision making to make another step forward 
in a feedback system as shown in Fig. 1.2. The closed world is linear. The model 
is fixed and we know which way we are going. So decision making is very simple, 

Fig. 1.1  Motivation—action 
(motion)—emotion cycle

Fig. 1.2  Linear and 
reflective model

lan

Linear
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because situations do not change. But with increasing changes of situations, such 
a linear model is no more effective and we have to convert it to a feedback model. 
We have to make decisions every time we receive a feedback. And emotion plays 
an important role there.

1.7  Bounded Rationality

Simon pointed out that our rationality is bounded [5]. If the problem space is not 
too large, we can make decisions rationally. But if it becomes too large, we rely on 
emotions. It is because if the problem space is too large, the problem of computa-
tional complexity comes in and we cannot solve the problem rationally. Then, we 
make decisions based upon our emotions.

Another economist Keynes made the same argument. He pointed out that for 
short term expectations, economic agents make rational decisions. But when it 
comes to long term expectations, they rely on their confidence, i.e. emotion.

It is interesting to note that Simon is not only an economist but he is also a 
famous AI researcher. His bounded rationality concept reminds us of the “frame” 
problem in AI. In the very early stage, AI researchers believed the more knowledge 
we implement, the wiser a computer will become. So such a word as “knowledge 
is power” was believed widely and was prevalent. But we soon found out that what 
we know and learn from our experience are limited so the capabilities of a com-
puter which knowledge is ours are also bounded.

1.8  My World

Thus, the extents we can see and think are bounded, although our world is quickly 
changing into an Open World. But if we relax our conditions a little bit more by 
introducing emotion, then we can make decisions beyond the boundaries of strict 
rationality. Everybody has “My World”, where he or she can make appropriate 
decisions based upon experiences.

Indeed, why do economic agents succeed in long term expectations? Or, why 
can a brilliant student pass the entrance examination? No matter how much bril-
liant he or she may be, the problems are new to them. In this sense, there are no 
difference between brilliant and not so much brilliant students. The greatest differ-
ence is that brilliant students are full of confidence and that they take full advan-
tage of their experiences. This is not rational. The way or the solution they choose 
varies with their personalities and with their experiences.

“My World” is a world where one can make decisions with confidence. The 
results may not be successful at times, but he or she learns from failures. Thus, 
“My World” could be described as the world where “learning from failures” or 
Pragmatism holds.
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Thus, “My World” is larger than the world of rationality as shown in Fig. 1.3.

1.9  Emotion and Optimization

Why has emotion been regarded as noises in traditional engineering? It is because 
it fluctuates so much that it is not easy to treat them as signals. But if we come 
to think about optimization problems, we become aware that fluctuations play an 
important role.

Simulated Annealing is a method to optimize globally. By providing fluctua-
tions, we can slip out of local optimum to reach global optimum (Fig. 1.4). In 
fact, the original annealing provides fluctuations to material elements and ensure 
greater strength by distributing material elements more homogenously.

And Astumian found out that in molecular motors, Brownian movement plays 
an important role [6, 7]. Therefore, fluctuations play an important role in our 
actions and in decision making.

Therefore, emotion may be added to us to optimize our decisions globally.

Fig. 1.3  World of rationality, 
my world and open world

Fig. 1.4  Local optimum 
(white) to global optimum 
(black) using fluctuation 
(Simulated Annealing)
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1.10  Reason and Emotion

Damasio pointed out reason and emotion are very closely related and insists 
reason and emotion cannot be separated [8]. This is supported by many 
brain researchers these days. If we consider remarkable progresses of brain  
science today, we may regard “My World” as a world of extended rationality. 
Traditional world of rationality is that of Simon’s and beyond these boundaries 
there is another region where emotion plays an important role in decision making 
(Fig. 1.5). Since our field of views and our experience are limited, this extended 
world is still bounded and “My World” varies from person to person depending 
upon how far a person can see and what experience he or she may have. Simon’s 
world of rationality is common to all of us, but this extended region varies very 
extensively from person to person.

1.11  AI, Decision Making and Emotion

One of the approaches in AI is first order predicate logic. Let us take programming 
language, Prolog (Programming in Logic), for example. Our knowledge is repre-
sented as a network with edges representing verbs and nodes representing Subjects 
or Objects [9]. Thus, our knowledge in the form of S–V–O can be described as a 
network.

If we remember that in quality function deployment (QFD), functions are 
described by verbs, we will immediately understand that QFD can be described in 
the form of a network using such a verb-based logic.

The English language use different verbs for different situations. So the situ-
ations can be easily implemented if we use English. In AI programming, infor-
mation is processed based upon pattern matching. Pattern driven processing is 
nothing other than decision making because it decides which step will be the next. 

Fig. 1.5  World of rationality 
and my world
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As emotion is very closely associated with our motions or verbs, this demonstrates 
what an important role emotion plays in our decision making.

1.12  Satisficing vs. Optimizing

Simon proposed Satisficing Theory [10, 11]. Satisficing is the word coined by putting 
“satisfy” and “sufficing” together. Thus, it means “Satisfied enough”. Simon insisted 
that since our world of rationality is bounded, we cannot optimize our decisions 
rationality. What we can do is to satisfy our expectations to the degree that we feel 
“enough”. This is very much emotional. He did not use such a word but what he is 
insisting is the importance of emotional satisfaction.

To describe it in another way, this is to define “My World” appropriately.” My 
World” is the world bounded by how far a person can see and how confidently he 
or she can make decisions. Simon’s “Satisficing” could be interpreted as another 
definition of “My World”.

Up to now, we have been developing products along the line of optimization, 
but if we consider that our world is very quickly expanding with many frequent 
and extensive changes, such optimization approach will be no longer feasible and 
is unrealistic. Such optimization is local. We should move toward global optimiza-
tion which is “satisficing engineering”.

1.13  Illustrative Example

One typical example of such emotional optimization can be found in weld-
ing. In welding, Welding Procedure Specification (WPS) is required to carry 
out welding for important products. But welding is an assembly of many dif-
ferent  engineering knowledge and experiences so that there is no unique best 
optimal solution. WPS is developed with many different inputs from engineers 
with various disciplines. As WPS is such an accumulation of different sources of 
knowledge and experiences, it varies very much by who implemented the knowl-
edge. And WPS provides different solutions to different inputs. WPS is finalized 
depending on whether it satisfies engineers enough who implemented knowl-
edge and experience. In other words, WPS has many faces. No matter which 
face an engineer may look at, it is good if the face he is looking at looks good 
enough to him.

Figure 1.6 shows such a WPS developed by AI technique [12].
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Abstract The word “innovation” is attracting wide attention these days. It is pointed 
out in this chapter that quality becomes increasingly difficult to be recognized with 
its improvement. Quality in its original meaning means segments. Therefore inno-
vation and pursuit of quality concurs on the point unless new sectors are explored,  
customers do not feel their expectations are met and they will not be satisfied. In 
the old days, product lifecycle were much longer so people could make decisions 
whether to buy or not based upon their use experience or upon observations of fore-
going customers. But today product lifecycles are getting shorter and shorter so peo-
ple have to make decisions as soon as new products come up on the market. But 
such new products are not only experienced before, but also developed with new 
technologies they do not know. So people feel very much uneasy when they buy 
innovative products. How we can reduce their anxieties is very much important for 
our innovative products to be accepted by them. Therefore, true innovation is more 
emotional than technical. How we can make our innovation more emotional and 
acceptable is discussed with illustrative cases.

2.1  Why Innovation is Important

Everybody talks about innovation these days. Why is innovation so important? 
Today changes are so frequent and extensive and the boundaries of our world are 
quick disappearing so our world becomes an Open World. In the days of a Closed 
World where situations did not change appreciably and its boundaries were fixed, 
we could apply set theory and induction and deduction logics (Fig. 2.1).

And as the world is small, there was only one peak so that we did not have 
to make decisions which peak to climb. Our efforts were fully rewarded in these 
days. We did not have to think about innovation because Christensen’s sustaining 
innovation [1] was the only option we could take. But as our world expands, many 
other peaks appear and we have to make decisions which peak to climb (Fig. 2.2).
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Thus setting a goal or defining a problem becomes more important than prob-
lem solving. We have to change our way of thinking from tactics to strategy. And 
in an Open World, what we have to do is to explore. So trials and errors are pre-
requisites and we have used such reflective approaches as Abduction, PDSA and 
Reflective Practice [2–4] (Fig. 2.3).

Christensen pointed out [1] that there are two innovations. Our traditional inno-
vation is sustaining innovation where people make efforts to move forward on 
the same track. He pointed out, taking hard disk drives as an example that while 
such efforts are being made; new markets are being created off the track. Such 
new market emerges from customers’ expectations. When situations change very 
extensively, the producer tends to overlook such emerging markets and they fail to 
respond to such expectations. Thus, he called such an innovation “disruptive”.

Yesterday changes were small. Mathematically speaking, the change curves 
were smooth and continuous. Thus, they are differentiable. So we could make pre-
dictions. Today, changes are frequent and extensive. What makes predictions very 
difficult is because the change curves are not smooth. They are angular so they 
are not differentiable. Therefore, it becomes almost impossible for the producer to 
predict the future (Fig. 2.4).

“Disruptive” is the name which comes from the viewpoint of market. It would 
be better to call such an innovation “evolving innovation” from the viewpoint of 
industry or the producer, because such situations necessitates the producer to adapt 
to changes of customers’ expectations.

Innovation becomes important from another reason. We should remember that 
the higher the quality of a product becomes, the more it is difficult for a customer 

Fig. 2.1  Closed world and 
open world

Fig. 2.2  Single peak, 
yesterday and multiple peaks, 
today
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to realize its improvement. Weber-Fechner pointed out that we need an increment 
proportional to its level of stimulus to perceive the difference of a level.

If a man with a small voice raises his voice a little, people will immediately 
understand he raised his voice. But if a man with a big voice raises his voice a 
little, people would not understand. Thus, although industry is making tremendous 
efforts today to improve quality, customers cannot recognize the improvements. To 
let them recognize, just noticeable difference (JND) [5] is enough. But it is very 
difficult to know how much JND is.

If we explore the new market, people understand immediately the difference. 
This is what Kim and Mauborgne [6] pointed out in their book “Blue Ocean 
Strategy”. If is much more effective and rewarding to look for a blue ocean than 
fighting blood over blood on the red ocean.

∆S/S = Constant

∆S = increment of the stimulus, S = level of Stimulus

Fig. 2.3  Reflective cycle 
(Shewhart cycle)

Fig. 2.4  Changes of 
yesterday and today
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2.2  Innovation and Quality

The word “Quality” comes from the Latin word Qualitas, meaning quality or 
property. As its original meaning indicates, quality is “qualitative” and not “quan-
titative”. And if interpreted as property, then segmentation is much closer to its 
original meaning.

Efforts to improve product quality quantitatively will not be rewarded in this 
sense as well. Such quantitative pursuit is red ocean strategy. Battles are fought 
blood over blood. But if we look into another direction, there is a Blue Ocean.

If we come back to its original meaning, we should discuss quality in the sense 
of Blue Ocean. Or to put it another way, industry should pursue another business 
segment instead of fighting in the same traditional segments. Red Ocean is noth-
ing other than sustaining innovation and Blue Ocean is evolving innovation. Thus, 
pursuit of quality is very closely associated with innovation in the sense that both 
are activities to explore new segments.

2.3  How are Emotions Related to Innovation and Quality?

Then, how are emotions related to innovation and quality? Innovation and qual-
ity are needed to meet customers’ expectations. Expectation is emotion as can be 
easily understood if we recall that the word motivation or motive comes from the 
same Latin word “movere” as emotion does.

One of the definitions of a human, “Homo Faber”, best describes what a human 
is. Human can dream or can think about the future. Animals cannot. Animals can 
use tools available in nature, but humans are not satisfied with such naturally avail-
able tools. They make tools to realize their dreams. This is emotion. Engineering 
is an activity of creating artifacts that are not available in nature. It is an activity to 
realize our dreams. So it may not be too much to say that engineering itself is an 
emotional activity. Innovation and pursuit of quality comes from our basic human 
nature and it is very much related to our emotions.

Thus, innovation becomes true innovation when it meets the expectations of  
customers and when they feel they have new innovative products. Unless they do not 
feel that way, that is not an innovation, no matter how they are innovated technically.

Thus innovation lies in the hearts of customers. The same argument holds for 
quality. What is important in quality management is not quality improvement, but 
quality satisfaction or meeting quality expectations. If customers feel the quality 
meets their expectations, then that is true quality.

Thus, although quality also lies in the hearts of customers, current discussions 
about innovation and quality are too much technical focused. We should give 
more thoughts and attentions to emotional aspects. If a customer feels a product is 
innovative or good enough, then our job is perfect, no matter whether it is not too 
much innovative or is very sophisticated in technical quality. True quality is very 
much subjective and emotional.
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2.4  Reverse Innovation

Today, another innovation, i.e., reverse innovation is attracting wide attention. But 
it is another form of evolving or disruptive innovation. Take GE Healthcare for 
example. They had to adapt their cardiograph to Indian market because space, etc. 
are limited there. They had to develop smaller and simpler ones. They did not real-
ize that there were great demands for such small and simple equipments back in 
their home country. Until then, they were fighting along the line of Red Ocean. 
But their business in India opened their eyes to the new “Blue Ocean” market in 
the States. Although it is called “reverse”, this is nothing other than another Blue 
Ocean. It so happened that a developing country business made them aware of 
such a business opportunity.

Much simpler case can be found in Japan. Such a trailer as shown in Fig. 2.5 is 
called “rear car”.

Although there were many “rear car” makers after the war, most of them shut 
down their business and only several manufactures survived. One small company, 
Muramatsu Sharyo was asked by an African Embassy to produce them in order to 
reduce the burden of women carrying waters to their homes from the well. This story 
reminded Yamato Unyu, Japanese delivery company, of their usefulness. They do not 
have parking problems. They can negotiate narrow roads. Now rear-cars as shown in 
Fig. 2.6 are seen every day, everywhere in Japan. Muramatsu realized that rear cars 
could be used in a different manner. This success led Muramatsu to develop mobile 
wagons for flower shops. Most of flower shops in Japanese hotels have to vacate 
their space after business hours. Rear cars met their expectations.

2.5  Simplicity is the Soul of Innovation

So a lesson we learned is we do not have to make our products complex or sophisti-
cated. Rather, simplicity is the soul of innovation. This is demonstrated by iPhone.

Fig. 2.5  “Rear Car” in Japan
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Until the emergence of iPhone, most cell phone makers paid every effort to 
attach more functions. They believed more functions would satisfy customers bet-
ter. But it did not work that way. I asked many young students who are studying IT 
whether they are satisfied with cell phones. To my surprise, most of them told me 
the way cell phones are being developed at that time made them irritating and led 
to dissatisfaction. This is very much the opposite from what cell phone developers 
expected.

Students told me that they would like to master new functions as soon as they 
are added. But too much complexity made it very difficult to do it in a short time, 
and more often than not it called for extensive knowledge to really put them into 
use. So cell phones irritated young students because their expectations are not met. 
Cell phone makers have been making efforts to discourage users.

iPhone, on the other side, is very much different. The basic mechanism is sim-
ple and a user adds apps as he or she wishes or as he or she needs. So it works 
exactly the way a customer expects. So iPhone was accepted by market very 
quickly and widely.

How important it is to meet the customers’ expectations is already 
pointed out by Norman [7]. He pointed out yesterday people put more trust 
in machines because they were simple and operated as people expected. But 
today they become too much complicated and they do not work as people 
expect. So people are quickly losing trust. iPhone demonstrates how simplicity 
is important.

2.6  Multiple Systems for One Human Need

The current framework of industry drags the histories of inventions. They are not 
organized to correspond to human needs. Let us take transportation for example. 
Cars, rails, ships and airplanes were invented to solve a very specific technical 
issue and developed independently.

Fig. 2.6  “Rear Car” for 
delivery
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Airplane was invented to satisfy our desire to fly. At the time of invention, the 
challenging issue was to fly in the air. That was the immediate objective. But we 
forgot why we hoped to fly like a bird. Our final goal was to travel safely and com-
fortable, no matter what situations come up.

In fact, if we look at birds, they fly because they have to travel a long distance. 
Indeed they fly, but they also walk and swim. If we come back to our basic desire, 
all transportation industries should be integrated and united into one.

Our industry development has been too much technically driven and we forgot 
to get down to our basic human desire. If we look industries from this perspec-
tive, we would know there are many such cases where integration of industries are 
called for.

It should be pointed out that such integration leads to a great amount of reduc-
tion of cost and energy consumption and it also increases productivity to a great 
deal. Again “simplicity is the soul of innovation” must be remembered.

Such reorganization of industries may be called “Emotional Reorganization”, 
because industries are reorganized for emotional satisfaction of customers, and 
not for technical interests. And it should also be added that such integrated 
transportation system is really called for in such a big country as Brazil. You 
could fly to a distant place, but if a car is not available there, you cannot go any 
further.

2.7  Social Innovation

Integrated innovation is needed not just for meeting customer’s expectations, but 
for sustainable development as well. To save energy, we have to integrate our 
products and industries. Many different products which have been developed inde-
pendently up to now will be integrated. Such integrations calls for emotional inno-
vation in addition to technical one. We have to decide what kind of a society we 
want in the future.

New energy management system, for example, is now changing designs of 
housing, transportation, etc. to much integrated design. Product based designs are 
now changing into a holistic system design or the design of society. Thus, we will 
be designing our lifestyle in the future.

2.8  Process Innovation

Maslow pointed out that the highest human need is self actualization (Fig. 2.7).
The main spring and the core of all human activities are challenges. We would 

like to challenge to new situations. It is deeply associated with evolutionary inno-
vation. The highest human need is our desire to innovate ourselves. This is emo-
tional innovation.
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If we could develop such a system where our customers can enjoy producing 
and repairing their products, then their desire for self actualization will be satis-
fied. To get our customers involved in design, manufacturing and repair, our 
design and production system needs an extensive change. Such new DIY system is 
very much of a challenging issue and certainly calls for technical innovations, but 
it also brings about emotional innovation.

If we are successful in developing such a new framework of DIY, our custom-
ers would feel more attached to such self produced products because their time 
and efforts have been spent upon them. This is the endowment effect.

When people talk about innovation, they focus on new developments. But if 
people come to use our products longer, repair will come up as another target for 
innovation. Current product developments focus on one time value. Values are dis-
cussed and evaluated at the point of delivery. But there is lifetime value. Extension 
of a product lifecycle will increase lifetime value.

Repair is not the same as maintenance. Maintenance is to bring the degrading 
functions back to its original design level. Repair is to keep products in the best 
working conditions. The functions or materials degrade, but if they work well in 
the operating conditions, our customers are happy.

This holds true with humans. What doctors define as good health and our feel-
ing of being healthy are different. Doctor’s health is an idealized heath or health as 
a mass. But our health is very much personal. If we can live our life happily and 
comfortably, we feel we are healthy.

Repair and remedy are basically the same. They require great amount of knowl-
edge and experience. But if customers can perform such repair jobs, they would be 
happier, because not only they can enjoy the best working products but also their 
desire for challenge will be satisfied.

2.9  Emotional Innovation

Since innovation is more emotional than technical, it is important to consider inno-
vation from emotional viewpoint. To illustrate the points, two cases are taken up.

Fig. 2.7  Maslow’s hierarchy 
of human needs
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2.9.1  The Product Space: Permeating Innovation

The success of Korea in global market is well known. Korea used to be poorer 
than Chili because she is small and does not have any appreciable resources. But 
while Korea succeeded in global market today, Chili still remains the same. This is 
because Chili is rich with natural resources so Chili did nothing more than just to 
export them. That way, Chili could easily survive. But Korea, being poor in natural 
resources, no Korean thinks Korea as a market. Most of them look for the global 
market from the first.

Hidalgo clarified why Korea succeeded [8]. What Korea took as their strategy 
is to explore the market very close to the current one using the current available 
technologies. They studied what products are close to the ones they are producing 
today. Then they produced such neighboring products.

I would like to call such an innovation “Permeating Innovation”. This is one 
type of evolving innovations. Such permeating innovations not only reduce prod-
uct development time, cost and resources, but what is more important is it takes 
away the anxiety of customers.

Today many new products are being developed in much shorter time. Most of 
these products use new technologies customers never experienced. Yesterday, it 
took more years to develop a product and their lifecycles were long. About 30 % 
of foregoing customers tried these new products. So the rest 70 % customers could 
observe how the product would work and they could decide whether to buy or not 
based upon the observations. They could buy these new products with confidence.

But today the product lifecycles are getting shorter and shorter. So every cus-
tomer must make a decision whether to buy or not once a new product comes up 
on the market. He or she has never used such a product before and what makes 
them anxious is most of these new products are developed with new technologies 
he or she has never experienced or never heard of. So their anxiety is increasing. 
The Korean strategy of “Permeating Innovation” greatly reduces such concerns.

2.9.2  Segway and P.U.M.A

Dean Kamen developed Segway or personal transport (Fig. 2.8).
It was originally developed as a wheelchair but the disapproval of the idea of a 

new wheelchair by a governmental institution led him to develop this innovative 
vehicle. What is innovative is not the technology. The idea of an inverted pendu-
lum is nothing new. What is important about Segway is Dean created a new life-
style. What he developed is not a new product, but a new lifestyle.

Dean’s another innovation, P.U.M.A, Personal Urban Mobility and 
Accessibility, developed it with GM better demonstrates that he is developing a 
lifestyle. If we compare a wheel chair and P.U.M.A., we would immediately know 
that there is no difference between a wheelchair and personal urban transport. In 
fact, he developed P.U.M.A. based on his idea of a wheelchair (Fig. 2.9).
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If we could develop such a transport with the same platform but with different 
optional systems on top of it, then there will be no distinction between a wheel-
chair and personal urban transport. The current distinction will lose its meaning. 

Fig. 2.8  Segway, personal urban transport

Fig. 2.9  Wheelchair and P.U.M.A
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Then, disabled can say that the only difference is their lifestyle. Some may have 
more mobility and accessibility. But it so happens they do not. Thus not only such 
a transport would provide pride and joy to everybody, but also would increase pro-
ductivity to a great extent and reduce cost and energy. What is most important is 
people can enjoy innovation.
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Abstract Touch feelings and tactile sense play very important role in our 
daily life. However, the mechanism has not clarified yet. In this chapter, the 
receptor in human skin and haptics that is motion of hand/finger will be intro-
duced. And the sensory experiments and measurement were carried out in 
order to clarify the mechanism of rough and soft feelings which are funda-
mental touch feelings and the developed sensor for measuring tactile sensa-
tion for fabrics and the palpation sensor for measuring prostatic glands will be 
introduced.

3.1  Introduction

Touch is one of five senses, and it can feel mechanical stimuli (pressure, vibration, 
heat, cold, pain, etc.) through the skin. Skin is the largest sense organ in the human 
body and the area is about 1.8 m2 in the average adult [1]. Unborn babies have the 
skin function from the 9th week after conception and babies use their hands and 
mouth in order to obtain the many information of outside world.

Touch is active and passive and it is ruled under the law of action and reac-
tion of skin and objects, which is called “third law of motion”. This point is very 
unique and tactile sense is unlike other senses for this point. Therefore, it is dif-
ficult to clarify the mechanisms of tactile sense and the feeling of touch. The 
mechanisms of vision and hearing have been already clarified and the principals 
contribute the development of the glasses and hearing aid in order to assist the 
vision and hearing sense, respectively. It is very important to clarify the mecha-
nism of the touch sense, like these.

Chapter 3
Touch Feelings and Sensor for Measuring 
the Touch Feeling

Mami Tanaka

S. Fukuda (ed.), Emotional Engineering vol. 2, DOI: 10.1007/978-1-4471-4984-2_3,  
© Springer-Verlag London 2013

M. Tanaka (*) 
Department of Biomedical Engineering, Tohoku University, Sendai 980–8579, Japan
e-mail: mami@rose.mech.tohoku.ac.jp



24 M. Tanaka

3.2  Sensory Receptor in Human Skin

Table 3.1 shows the sensory receptors and modality in human skin [1]. Free nerve 
endings react for temperature and pain and they are different from the others. The 
other receptors react to mechanical stimuli and are classified depending on the reac-
tion speed, fast adaptive (FA) and slow adaptive (SA). In addition the receptors are 
classified depending on the size of area, the area of II means larger than that of I.

As the FA sensory receptors, there are two kinds, Pacinian corpuscle and meiss-
ner’s corpuscle. Concerning with these FA sensory receptors, they have higher 
sensitivity frequency ranges. When the receptors receive the sinusoidal wave 
stimulus, Pacinian corpuscle can react under 1 μm threshold at 250–300 Hz, and 
Meissner’s can react under 10 μm at 30–40 Hz. It is interesting the receptors have 
different higher frequency ranges.

3.3  Search for the Mechanism About Roughness and 
Softness

There are various fields to use touch feelings and sensation, for example, to make 
something in industry, palpation in medical and welfare fields.

In industry, the sensory tests usually are done to evaluate the many things, 
but a huge number of subjects are needed to obtain the accurate touch sensa-
tion. Therefore, the training of the expert for measuring touch feelings is impor-
tant. Palpation has important role for a clinician/doctor in diagnoses. They assess 
smoothness, roughness, and softness of an area of patient and/or find the abnormal 
point such as hard spot by palpation. However, palpation using human’s fingers 
is said to be ambiguous, subjective and much affected by their experience. From 
these points, it is not easy to share the information of a same diagnosis.

Various kinds of information are obtained as the touch feeling and the rough-
ness and softness are fundamental touch feelings. The physical value of the rough-
ness can be measured by surface roughness measuring instrument as the amplitude 
of the surface asperity, but the measurement object is limited such as metallic 
materials and the relationship between the obtained physical value and the touch 
feeling has not been clarified. In addition, there is not only the hard one like the 

Table 3.1  Sensory receptor and modality and categorization in human skin [1]

Receptor Modality Category

Meissner’s corpuscle Touch flutter FAI
Pacinian corpuscle Touch vibration FAII
Merkel’s discs Touch pressure SAI
Ruffini endings Touch pressure SAII
Free nerve endings Temperature and pain
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metal but also various one in the world where we live. These make more difficult 
the clarification of the mechanism that human feel rough.

The softness of the object is also measured as the stiffness and Young’s modulus 
by hardness tester, but the relation between the values and touch feeling has not 
been clarified. Therefore, the clarification of the mechanism becomes more difficult.

In order to search the trigger of the mechanism, we investigated the relations 
between amplitude and frequency information, and smoothness and roughness.

3.4  Tactile Display for the Roughness Tests

A simple tactile display that subjects can touch and feel various degree of smooth-
ness is developed. Bimorph cell is used as an actuator to generate vibratory stimu-
lus. And the display can adjust the frequency of vibratory stimulus. Through two 
experiments, the relationships between the frequency distribution of vibratory 
stimulus and smoothness feelings are investigated.

After this, “roughness” and “smoothness” do not mean physical roughness and 
smoothness of an object, but mean sensuous roughness and smoothness which 
human feels using their tactile sense.

A simple tactile display using bimorph cells is fabricated. The tactile display is 
shown in Fig. 3.1. The display consists of an actuator on the display and it is vibrated 
using bimorph cells with steady frequency and amplitude. Three input waves of the 
bimorph cells are generated using GNU Octave which is numerical computation 
software. The generated waves are transmitted to the amplifier and the amplified 
outputs were applied to the actuators. In experiments, subjects put their forefingers 
of dominant hand on the actuators and evaluate what they feel. Figures 3.2 and 3.3 
show the size of the display and experimental scene, respectively.

3.5  Sensory Tests for Roughness

Two sensory tests about roughness/smoothness are conducted using the tactile 
display. In the first experiment, the relations between the vibration frequency 
and “Kansei” keywords of roughness feeling were investigated and in the second 

Fig. 3.1  System of tactile 
display
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experiment the relations between vibration frequency and degrees of roughness 
feeling were investigated.

In order to find the relations between the vibration frequency and “Kansei” 
words of roughness feeling, the various vibration stimuli are displayed to the sub-
jects. In the experiment, the subjects touched the tactile display and selected one 
keyword from six Kansei keywords to answer how they felt it.

Six keywords are as follows. “A: not felt”, “B: snaky”, “C: uneven”, “D: 
rough”, “E: fine” and “F: vibration”. The keywords were selected through the pre-
liminary experiment. The subjects are six men and they are 21–32 years old. The 
tactile display was presented sinusoidal wave vibration stimulus of the amplitude 
30 μm and the frequencies of the stimulus were changed from 1 to 250 Hz.

Figure 3.4 shows the ratio of number of subjects that use each keyword to 
express each stimulus. From this result, it is seen that each Kansei keyword has 
the corresponding frequency distribution. At the lowest frequency range, most of 
the subjects selected “not felt”, and at the highest frequency range many subjects 
answered “vibration”. At low frequency range, the subjects answered “snaky” and 

Fig. 3.3  Scene of the tests

Fig. 3.2  Size of the display
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“uneven”. Kansei keyword “roughness” can be felt at broad area from 4 to 200 Hz 
and “fine” can be felt under 100 Hz.

For the next experiment, the relationships between the frequency distribution of 
vibratory stimulus and smoothness/roughness are investigated. In the experiments, 
the input waves are used as the combination patterns (named p1 and p2) and one 
wave is displayed to the subject for 3 s, and after 0.2 s the other wave is displayed 
to the subject for 3 s, sequentially. After that, the subject evaluate smoothness/
roughness of p2 compared with p1 using the evaluation form with five grades as 
shown in Fig. 3.5.

In the experiments, the experiment orders are random and the displayed order 
of p1 and p2 are also. At the experimental time, the subjects don’t know what the 
displayed stimuli are. The amplitude of the displayed stimuli is settled at 30 μm 
and the frequencies of the stimulus were changed from 1 to 250 Hz. The subjects 
are seven male and they are 21–32 years old.

By the Scheffe’s pair comparison method [2], one of semantic differential 
methods, the scores of each wave pattern are obtained. Analysis results of pair 
comparison are shown in Fig. 3.6. Figure 3.6 shows score versus stimulus fre-
quency, and the results are separated roughly into three groups. In the figures, the 
higher score means that human evaluate the displayed stimulus is rougher and the 
lower score means that human evaluate the displayed stimulus is smoother.

The subjects of the first group feel the roughest from 50 to 100 Hz, and those 
of the second group feel the roughest at about 200 Hz, and that of the last group 
feel the roughest twice at 50 and 200 Hz. These results are caused that Meissner’s 

Fig. 3.4  Ratio of number 
of subjects that use each 
keywords to express each 
stimuli. A: “not felt”, B: 
“snaky”, C: “uneven”, D 
“rough”, E “fine” and F 
“vibration”

Fig. 3.5  Evaluation form of sensory test of the roughness
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corpuscle and Pacinian corpuscle have the highest sensitivity frequency area 
around 50 and 200 Hz to the threshold for vibratory stimulus, respectively men-
tioned above [1]. And these results show that there are personal differences for 
the roughness feeling and the differences are considered to depend on whether 
Meissner’s corpuscle or Pacinian corpuscle reacts.

In this experiment, the amplitude of the stimuli was settled constant. When the 
frequencies were settled constant and the amplitude of the stimulus were changed, 

Fig. 3.6  Roughness score 
versus frequency
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human touch feelings about roughness are investigated. It was confirmed that 
the roughness feelings increase with the increase of the amplitude of the stimuli. 
Moreover, we must consider the combination of amplitude and frequency, it is nec-
essary to investigate the relations about amplitudes and frequencies in detail and to 
increase the number of subjects for the investigation of the influence of the individual 
variation.

3.6  Sensory Tests for Hardness

Next, the target is softness that is also one of fundamental touch feelings. The rela-
tionships between physical properties of soft objects and the tactile softness are 
investigated. After this, the tactile softness means touch feeling of softness when 
human touches an object. First, the relationship between the stiffness of measured 
objects and the tactile softness is investigated using silicone blocks with different 
Young’s modulus.

To investigate the mechanism of evaluating tactile softness of human, the 
relationship between the stiffness of evaluated objects and tactile softness when 
human touch to the object and feel is investigated. In experiments, six kinds of  
silicone block objects with different Young’s modulus are prepared. The dimen-
sions of these objects are 30 mm width, 30 mm length, and 20 mm thickness. 
Young’s modulus of them are 0.37, 0.82, 0.94, 1.01, 1.47, and 2.86 × 10−1 MPa. 
Young’s modulus of the objects are determined by reference to Young’s modulus 
of epidermis, dermis and hypodermis of skin [3–6].

Using these silicone objects, a sensory test of tactile softness is conducted. In 
an experiment, two objects are picked out of the six objects, and those are placed 
on the force sensor. Six subjects touch the objects using their forefinger alter-
nately, and compared tactile softness of two objects. The subjects are 20–32 years 
old men. The force sensor can measure the contact force applied on the objects 
vertically when a subject touches the object. The sensory tests are conducted in 
total 15 combinations of the six objects. The results of sensory test were evaluated 
using Scheffse’ paired comparison method [2].

The subjects answered which object is higher young’s modulus, and the cor-
rect answer rate was almost 100 % in all trial, and it found that the tactile softness 
of the objects decrease with increase of Young’s modulus of the objects. Young’s 
modulus and stiffness of the objects mean the same tendency, because thickness of 
all objects are the same. It can be said that tactile softness of the objects decreases 
with increase of stiffness of the objects.

The contact force was applied to the objects by the subjects with their forefin-
ger in the sensory test and it was recorded by the force sensor as shown Fig. 3.7. 
Figure 3.8 shows the scene of the sensory test, and one example of the force sen-
sor output. The peak of the force is defined as the value of the contact force. The 
contact force is almost 5–15 N. In order to investigate the relation of hardness and 
contact force in detail, the difference and ratio are investigated.
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Figures 3.9 and 3.10 show the differences and ratio of the contact force 
between the compared two objects, respectively. Sample A is  harder than sample 
B and the young’s modulus is called Ea and Eb (Ea > Eb), and Fa and Fb are the 
peak force of samples A and B. The horizontal axis values are difference (Ea−Eb) 
and ratio (Ea/Eb) of Young’s modulus between compared two objects. The vertical 

Fig. 3.7  System setup for sensory test measuring hardness

Fig. 3.8  Scene of the sensory test for hardness and one example of the contact force sensor 
output

Fig. 3.9  Difference of 
Young’s modulus and contact 
force
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axis values are differences (Fa−Fb) and ratio (Fa/Fb) of the contact force between 
compared two objects.

In the figures the negative difference values and the ratio values that are smaller 
than one in the figures mean that the subjects touch softer object with higher con-
tact force. The differences of the contact force vary widely, and there are some 
negative values and there are many ratio values that are smaller than one. As men-
tioned before, the correct answer ratio was about 100 %, therefore, it is said to 
be difficult to evaluate the tactile softness of the objects with only contact force 
information.

3.7  Influence of Contact Area Upon Tactile  
Softness Evaluation

It is confirmed that it is difficult for human to evaluate the tactile softness of the 
objects with only contact force information. Here, the influence of contact area 
upon perception of tactile softness evaluation is investigated. We consider that the 
perception of tactile softness is affected by the contact area information in two 
ways. One is a size of contact area between subjects’ finger and evaluated objects 
and the other is variation of the contact area size in touch motion. And the latter is 
investigated.

At first, the relationship between contact force and contact area is investigated. 
Five subjects push their forefinger into three silicone blocks with ink, in such a 
way as to evaluate tactile softness of the blocks. The contact force is measured 
using a pressure sensor that is placed under the object, and the size of contact area 
between the forefinger and the blocks are calculated using ink blot on the blocks.

Figure 3.11 shows one of examples of the results of the experiment. The sizes 
of contact area are normalized using that of the softest silicone block. As the 
results, the size of contact area is depending on the Young’s modulus and the size 
decrease with increase in Young’s modulus of the blocks.

Fig. 3.10  Ratio of difference 
of Young’s modulus and 
contact force
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Thus, we focused on the influence of contact area between the finger and an 
object upon evaluation of tactile softness. Then we tried two sensory tests with 
four silicones under the different contact condition. Four kinds of silicone softness 
objects are prepared for the sensory tests. Dimensions of these objects are 30 mm 
width, 30 mm length, and 20 mm thickness. Young’s modulus of the objects in the 
sensory tests are 0.37, 0.83, 1.01, and 1.47 × 10−1 MPa.

In the sensory tests, two objects are picked out of the four objects, and named 
object A and object B. Six subjects touch the objects using their forefinger, and 
compare tactile softness of the objects. The subjects are 20–32 years old men. The 
sensory tests are conducted in total six combinations of the four objects. Table 3.2 
shows the result of the first sensory test. In the table, “s1” to “s6” mean the sub-
jects, and the item of “A” or “B” in “Evaluation of subjects” means the object 
that the subject evaluated harder. Almost all subjects evaluate that the object with 
higher Young’s modulus is harder.

Next, the subjects evaluate the tactile softness of the objects through the cylinder 
piston device as shown in Fig. 3.12. The cylinder piston device consists of a piston, 
and a stage. Shape of the contact 1 is 5 mm square. And that of the contact 2 is 10 mm 
square. The size of contact 1 is sufficiently-small as compared with the contact area 

Table 3.2  The result of the first sensory test of tactile softness without the piston device

Young’s modulus [MPa] Evaluation of subjects

Object A Object B s1 s2 s3 s4 s5 s6

0.147 0.101 A A A A A A
0.147 0.083 A A A A A A
0.147 0.037 A A A A A A
0.101 0.083 A A A A A A
0.101 0.037 A A A A A A
0.083 0.037 B A A A A A

Fig. 3.11  Difference of 
Young’s modulus and contact 
force
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between their forefinger and the objects in the first sensory test. The piston moves verti-
cally in accordance with the motion of a subject’s forefinger. The subject pushed the 
objects using the device to evaluate the tactile softness of the objects. The size of con-
tact area between their forefinger and contact 1 is constant, and the subjects evaluate 
tactile softness of the object without influence of contact area information. The results 
of the experiments are evaluated using Scheffse’ paired comparison method. At the 
time, the subjects are asked about the difficulty of the evaluation in the first sensory test 
without the piston device and the second sensory test with the piston device.

Table 3.3 shows the result in the second sensory test. “Evaluation of subjects” 
means the object that the subject evaluated harder. Some subjects tend to evaluate 
that the object with lower Young’s modulus is harder. The percentage of the sub-
jects that evaluated the object with higher Young’s modulus as harder in all trials is 
97.2 % in the first sensory test, but that is 86.1 % in the second sensory test. It was 
confirmed that all subjects feel it more difficult to evaluate tactile softness of the 
objects in the second sensory test than that in the first sensory test. These results 
suggest that the contact area information is important to compare tactile softness 
difference between slight different objects.

3.8  Design of Sensor for Measuring Touch Sensation

For the development of the sensor system, we have focused on the three points. First 
point is the motion of the hand/finger. Human changes unconsciously the motion of 
the hands/fingers depending on the information that we want to know. Lederman 
et al. have studied the relationship between the information and motion [7]. 

Fig. 3.12  A cylinder piston 
device for sensory test

Table 3.3  The result of the second sensory test of tactile softness using cylinder piston device

Young’s modulus [MPa] Evaluation of subjects

Object A Object B s1 s2 s3 s4 s5 s6

0.147 0.101 A A A A A B
0.147 0.083 A A A A A A
0.147 0.037 A A A A A A
0.101 0.083 A A B A A A
0.101 0.037 A B A A A A
0.083 0.037 B A A A A B
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For example, when we want to know the textures of the objects, we push softly 
and stroke over the surfaces of the objects. Table 3.4 shows the relationship. These 
 indicate the design of the driving equipment of the sensor system.

Second point is to select the suitable sensor element from many sensor ele-
ments. The clarification of the mechanism of the sensory receptor in human skin 
and touch feelings is useful to consider which information is necessary and as a 
result sensor elements are chosen. For the sensor system, the chosen sensor ele-
ment is mounted to driving equipment and the sensor output is obtained. The last 
one is the signal processing of the sensor output obtained by the sensor system. 
The signal processing is also derived from the clarification of the mechanism of 
the sensory receptor in human skin and touch feelings.

3.9  Sensor for Measuring Touch Sensation

Especially, we have focused on the Pacinian corpuscle and we have already devel-
oped some tactile sensor systems by using the feature of the Paccini. As mentioned 
before, Pacinian corpuscle plays important role in high-frequency vibrations that 
occur when we move our fingertips over structures with very fine texture.

We already tried to measure the tactile sensation of fabrics [8–10], human skin 
[11–16], hair conditions [17], and we succeeded. Figure 3.13 is the sensor part. 
PVDF film, polyvinylidene fluoride film is one of the piezoelectric materials. The 
film is effective to measure a force and displacement and it is used for the sensory 
material. In addition, PVDF film has features light weight, flexible, sensitive, and 
thin. The thickness of the film is 28 μm. Furthermore, the film has the feature that 
the response is very similar to that of Pacinian corpuscle that is one of the receptor 
of human skin. The lattice shape surface has a role to improve the sensitivity of the 
sensor as like human finger print.

Figure 3.14 is the one of the sensor system that measures the touch feelings 
of the fabrics. The sensor part as shown in Fig. 3.13 is attached to the tip of the 
artificial robotic finger and the sensor is pushed to the surface of the fabric softly 
by using the piezoelectric actuator. And the sensor is slid over the surface with the 
x-axis stage driven by a stepping motor. The obtained sensor output is transmitted 
to personal computer via AD card and the sensor signal is processed.

The typical sensor output is shown in Fig. 3.15.

Table 3.4  Information versus 
motion of finger/hand

Information Motion of the hand/finger

Texture Lateral motion
Hardness Pressure
Temperature Static contact
Weight Unsupported holding
Global shape/volume Enclosure
Global shape/exact shape Contour following
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For the signal processing, we calculated two parameters. One is the evalua-
tion of the magnitude of the amplitude of the sensor output, using this equation. 
This parameter is based on the feature of Pacinian corpuscle, since the output of 
Pacinian corpuscle is proportional to the applied force.

Var =
1

N − 1

N∑

i=1

(x(i) − x̄)2

Fig. 3.13  Sensor part

Fig. 3.14  Sensor system
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Here, N is the data point number of PVDF output, x(i): ith PVDF output signal, 
and x̄ is the average of PVDF output.

The other is distribution of the power intensity in mid-frequency range Rs. By 
using the raw data, power spectrum density P(f) was calculated by FFT analysis. 
Then, the summation is obtained in the range from 100 to 500 Hz, and in the range 
from 100 to 2,000 Hz. We selected the frequency on the basis of the Pacinian 
 corpuscle characteristics as mentioned before.

We measured six kinds of women’s underwear with this sensor system and two 
parameters were obtained. The plotted data is shown Fig. 3.16.
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Fig. 3.15  Typical sensor output on fabrics

Fig. 3.16  Rs versus Var 
obtained from the sensor 
output
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Separating from the measurement experiment, the sensory test was done. 
Semantic differential (SD) method with five grades scale was used, 14 key words 
are prepared as follows. 1: Damp–Fine, 2: Rough–Smooth, 3: Prickling–Not 
prickling, 4: Dry–Moist, 5: Not slimy–Slimy, 6: Not sticky–Sticky, 7: Hanging 
about–not hanging about, 8: Hard–Soft, 9: Not downy–Downy, 10: Not  
cool–Cool, 11: Warm–Not warm, 12: Not wet–Wet, 13: Bad feeling–Good feeling, 
14: Uncomfortable–Comfortable. Subjects are five women, who are evaluation 
experts in industry, and they are 30 and 40s.

There are many kinds of analysis method, and we tried factor analysis. The 
elements of the first principal component are “damp”, “moist”, “wet”, “hanging 
about”, “sticky” and “fitting” and the elements of the second are “downy”, “soft”, 
“not prickling”, “smooth”, “not cool”, “warm”. The factor loading of the first 
principal component is larger than 0.9 and the loading of the second is larger than 
0.5. And the cumulative contribution ratio of the first and second components is 
95 %, and the evaluation of wear and/or touch feeling can be measured by the two 
components.

The sensor in Fig. 3.15 cannot measure the feelings of “Tight” and “Warm”, 
therefore, as the value of the first component, the average of “damp”, “moist”, and 
“wet feeling” is calculated, and as value the second, the average of “soft”, “downy”, 
and “not prickling”. The values are compared with the sensor output and we 
obtained the clear relations between Rs and downy and soft feeling whose correla-
tion coefficient is—0.79, and Var and damp and wet feeling is—0.81.

3.10  Palpation Sensor

Palpation sensor for measuring hardness has also been developed [18]. The sensor 
pushes the object based on the haptics motion in Table 3.4. One example of sen-
sor is shown in Fig. 3.17. PVDF is used also sensory material. And the amplitude 

Fig. 3.17  Palpation sensor for measuring prostate
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of the output is evaluated. The sensor is attached to the tip of finger and a small-
sized motor is attached to the base of the finger to excite the sensor to the object. 
When the object is harder, the amplitude of the sensor output is larger. We tried to 
measure the various prostates in clinical tests, such as normal prostate, prostatic 
cancer, hypertrophy, with stones. The hardness of prostatic cancer is similar to that 
of bone, and that of prostatic hypertrophy is elastic. Concerning the prostate with 
stone, the hardness of the part of stone is as same as stone.

Figure 3.18 shows the result that is one example in clinical test. μ means in 
vertical axis the average of the amplitude of the sensor output. The prostate con-
ditions of subject are as follows. A: Normal and healthy, B: almost normal and 
healthy, C: between and normal prostatic hypertrophy, D: under treatment of the 
prostatic cancer, E and F: prostate stones in places, G: prostate stoned.

It is seen that the outputs on subjects A and B are much smaller than  the others 
and the output of B is slightly larger than that of A. The difference corresponds to 
the difference of the disease A and B.

The sensor value on subject C is much larger than that of subject A and B. It means 
that the state of the prostate is closer to the hypertrophy. It is seen that the sensor out-
put on subject D, who is under treatment of prostatic cancer, is closer to that of subject 
C. About the condition of subject D, the palpation result of the doctor without sensor 
could not distinguish whether the stiffness is that of the prostatic cancer or hypertro-
phy. The result of the sensor output means the condition is closer to that of prostatic 
hypertrophy. The sensor output is effective to evaluate the disease conditions.

Subjects E and F have prostate stones in places, and the sensor output takes the 
maximum and much larger than the others’. Subject G has one prostate stone and 
it was difficult for the doctor to search for the part. Therefore, the measurements 
were done many times and the fluctuation of the sensor output was large. From the 
doctor’s diagnosis, the state of prostate except the stone part is prostate hypertro-
phy. Therefore, the average value became the smaller than that of subject E and F. 
However, it is noticed the maximum value on subject G is large and the result means 
that it is unhealthy condition.

Further, the conditions of subjects were investigated using the ultrasound 
tomography. The enlarged prostate conditions of subject C and D were observed. 

Fig. 3.18  Sensor output on 
prostate glands of subjects 
A–G
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The white marks, which correspond to the prostate stones, were observed in places 
on the prostate glands of subject E and C. However, the white mark could not be 
discovered on the prostate of subject G, by ultrasound tomography.

These results showed that the output of the present sensor varies with the 
stiffness of prostate glands and the present sensor output has a good correlation 
between doctor’s palpation result. Further, it is said the sensor is effective in diag-
nosing the condition of prostate glands.

3.11  Concluding Remarks

In this chapter, it is shown that the characteristics of human sensory and haptics 
of hand/finger are useful. In order to make various things that human feel com-
fortable and good feelings in industry, it is important to know how human feel 
when he/she use the made things, and the establishment of an objective evaluation 
method including sensor system is required. In medical welfare fields, the highly 
accurate palpation sensor is expected to be effective to find the part of disease in 
early stage and to keep the health. Further, to know the principals and mechanism 
of the tactile sensation leads to the development of the technology, for example, 
the tactile display system that can transmit someone else touch feelings and tech-
nology that can give reality using of characteristics of touch feelings. In future, the 
range to use the technology of the touch feelings will extend more and more.
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Abstract Emotional design plays an important role in the development of 
 products and services towards high value-added user satisfaction and performance 
enhancement. One critical challenge in emotional design is the measurement 
and prediction of affect. Most current measurement and prediction methods are 
affected by many biases and artifacts. For example, verbal reports only represent 
the sheer reflection of consciously experienced feelings. This study aimed to eval-
uate affect via physiological measures. Specifically, standardized affective stimuli 
in both visual and auditory forms were used to elicit different affective states 
(7 types of affect for the visual stimuli and 6 for the auditory ones). Each affec-
tive stimulus was presented for 6 s and a wide range of physiological signals were 
measured, including facial electromyography (EMG) (zygomatic and corrugator 
muscle activity), respiration rate, electroencephalography, and skin conductance 
response (SCR). Subjective ratings were also recorded immediately after stimu-
lus presentation. The physiological measures show a relatively high differentiating 
ability in postulating affect via statistical tests and data mining-based prediction, 
with highest mean recognition rates of 91.47 and 71.13 % for the visual stimuli, 
and 91.36 and 80.66 % for the auditory stimuli, for valence- and affect-based 
predictions, respectively. This technological and methodological advancement 
offers a great potential for the development of emotional design.

Keywords  Physiological measures  •  Affect elicitation  •  Measuring and prediction  • 
Emotional design
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4.1  Introduction

Affect is essential in the interaction process between humans and systems [1] and is 
now incorporated as a design parameter to improve task performance and human  
satisfaction [2]. Emotional design capitalizes on this perspective by conceptualizing 
affect-engendering products, by adapting to and by responding to human affective 
states to design products desirable to humans holistically. For example, products are 
now designed for hedonic pleasure [3], emotional responses and aspirations [4], and 
user experience [5], and so on, to improve customer satisfaction. In some instances, 
optimal performances require an appropriate arousal level [6], such as in aviation safety 
and repetitive work where a state of high vigilance is desirable [7]. Csikszentmihalyi 
[8] proposed the concept of flow that it is often necessary to maintain or prevent partic-
ular affective states to have optimal performance and enjoyable user experience, such 
as in tutoring and training, driving, and video gaming.

Although the importance of affect as a design parameter has been well recog-
nized, several fundamental questions regarding affect acquisition, measurement, 
and evaluation remain not well-answered: (1) How can we effectively acquire 
users’ affective states without interference in real time? (2) How can we measure 
and evaluate user affect in the interaction process? (3) How can we infer customer 
needs for affect? Research in psychology sheds light on solving these questions. 
Psychologists often frame affect in two approaches: a discrete categorical per-
spective and a dimensional approach. The former conceptualizes affect discretely. 
For example, Ekman [9] devises a list of 15 basic emotions, among which 6 are 
primary emotions (sadness, happiness, anger, fear, disgust, surprise). Research 
on the latter has found that the most commonly used dimensions are autonomic 
arousal (sleepy-activated) and hedonic valence (pleasure-displeasure) [10], such as 
Russel’s circumplex model [11].

As for the first and second questions, current practice in emotional design often 
uses subjective methods retrospectively in terms of affective adjectives in a discrete 
manner, such as user interviews, focus groups or surveys [12]. A large amount of 
affective adjectives are first collected concerning the consumers’ feelings toward 
a product or other affective stimuli. Then, the most relevant and appropriate terms 
are selected by domain experts, ranging in numbers from several dozens to several  
hundreds. The selected ones are further scrutinized and structured, either manually 
or statistically and evaluated based on n-point Likert scales (e.g., semantic differ-
ential scale [13]. These methods are convenient, and amenable to statistical analy-
sis. However, verbal account of feelings only captures part of affect, and is usually 
expressed in abstract, fuzzy, or conceptual terms [14]. Hence, work on affect elic-
itation and acquisition is often based on vague assumptions and implicit inference. 
Moreover, they often suffer from recall and selective reporting biases if affective 
responses are reported retrospectively [15]. Although the affective information can 
be collected concurrently, the biggest problem is their interference with the task or 
activity when eliciting and acquiring affective responses [10]. With regard to the third 
question, besides the subjective methods mentioned above, another direct method 
is to appraise what the user is feeling from observing their non-verbal and verbal 



434 Eliciting, Measuring and Predicting

expressions and reasoning their situations [16]. However, observation is often costly, 
time-consuming, and sometimes disruptive for many design tasks [17].

Evidence has shown that physiological signals can differentiate basic emo-
tions [18]. Picard et al. [19] acquired physiological data including skin conductance 
response (SCR), electromyography (EMG) of the jaw, BVP, and respiration of a single 
subject over multiple days and obtained an 81 % accuracy on recognizing eight affec-
tive states using feature-based recognition method. In addition, physiological data can 
be acquired in a continuous manner which is consistent with the way people perceive 
emotions [20] and user affective states can be evaluated in real time. Compared with 
subjective self-report methods, the real-time feature is particularly useful for prod-
ucts that seek to respond to a user’s affect in ways to improve the interaction [21]. 
For example, Mandryk and Atkins [22] employed psychophysiological techniques to 
evaluate video games and proved that directly capturing and measuring autonomic 
nervous system activity could provide accesses to user experience. Therefore, the user-
product interaction can be tailored to the individual level to optimize the user pleasure 
and efficiency [23]. However, it is also suggested one physiological measure alone is 
not adequate to give a coherent picture of what affective state is occurring within the 
user [24], since the relationship between psychology and physiology is not all one-to-
one and in many cases, many-to-one, one-to many, or many-to-many [25]. Thus, it is 
necessary to be able to monitor multimodal physiological signals.

The purpose of this study is, to what extent, multiple physiological signals 
can be used to acquire, measure and predict user affect with standardized affec-
tive stimuli in both visual and auditory forms in real time. For one thing, evidence 
has shown that both types of stimuli can be used to evoke affective reactions in 
physiology [26, 27]. Moreover, visual and auditory information is the most fre-
quently used stimuli presented in products and systems that might elicit affect. 
Also studied is the question whether there is any difference in affective responses 
when participants are exposed to different forms of affective stimuli. In order to do 
so, statistical tests and data mining methods were employed. Initial results from 
statistical rests showed its potential while affect prediction based on data mining 
methods delved into a more detailed and specific results for further proving the 
potential of the proposed method.

4.2  Experiment Design for Affect Elicitation

4.2.1  Participants

Forty-six college students (23 males and 23 females), including 16 Chinese, 15 
Indians, and 15 Westerners (all Caucasians: five from Germany, one from France, 
two from the UK, and the remainder from the USA), took part in the experi-
ment. In order to increase homogeneity within cultural groups, Chinese and Indian  
students were required to be born and raised in mainland China and India, respectively 
and to have lived in Singapore for less than 2 years; while the Westerners were exchange 
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students at Nanyang Technological University, Singapore, for less than six months. All 
the participants were aged between 20 and 30 (mean = 24.4; standard deviation = 2.3). 
Each participant was interviewed by the experimenter to screen out mental disorder or 
drug and alcohol abuse. Due to technical difficulties, only data collected from 14 par-
ticipants in each cultural group (i.e., n = 42 in the final) with gender balance were kept. 
Informed consent was obtained from each participant.

4.2.2  Affective Stimuli

Twenty-eight pictures were selected as the visual affective stimuli from The 
International Affective Picture System (IAPS) [28]. In addition, 24 sound 
clips were also selected as the auditory affective stimuli from The International 
Affective Digitized Sounds (IADS) [29]. Based on the participants’ reports, the 
visual and auditory stimuli were categorized into seven and six groups, corre-
sponding to different affective states respectively.

4.2.3  Apparatus

A physiological sensing system and the E-Prime software were used for data col-
lection. The physiological sensing system included an 8-channel Biofeedback 
and Neurofeedback System v5.0 (Thought Technology, New York, USA) and a 
Myomonitor Wireless EMG System (Delsys, Boston, USA). The former was used 
to collect SCR and EEG. The latter were used to collect facial EMG signals (zygo-
matic and corrugator muscle activity). The E-Prime software was used to ensure 
millisecond precision data collection. Besides, auditory stimuli were presented to 
the participants through a pair of Altec Lansing AHP-512 headphones. The sensor 
placement on the participant is shown in Fig. 4.1 below:

Fig. 4.1  Sensor placement. 
Note that peripheral 
temperature and blood 
volume pulse were excluded 
from analysis in this study
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4.2.4  Physiological Measures and Features

SCR, also known as electrodermal response, is a measure of the skin’s ability to 
conduct electricity and represents changes in the sympathetic nervous system [30]. 
It has been proved to be linearly related to affective arousal and independent from 
affective valence [26]. SCR (in μs) is measured by fastening the electrode straps 
around the second and the fourth fingers of the participant’s left hand. Then, SCR 
is smoothed and log transformed [log (SCR + 1)] to normalize the distribution 
of the response [26]. Four temporal features of SCR were computed in Fig. 4.2: 
(1) The SCR amplitude, regarded as the conductivity difference among the peak 
point and the initiation point; (2) Latency, which is the amount of time between 
the stimulus and the rise of the wave; (3) The rise time, corresponding to the tem-
poral interval between the peak and the start point; and (4) The half recovery time, 
i.e., the amount of time it takes for the wave to fall back to half of its amplitude.

Facial EMG measures muscle activity by detecting and amplifying the tiny 
electrical impulses that are generated by muscle fibres when they contract [31]. 
Facial EMG measures from the zygomaticus major (ZM) and corrugators supercilii 
(CS) are widely used for recognition of affective states [32]. It was reported that 
EMG varied linearly along the valence in CS and quadratically in ZM [33]. In this 
research, EMG electrodes are placed over ZM and CS on the left side of the face. 
EMG signals (in μV) are bandpass filtered from 100 to 1,000 Hz using an elliptic, 
short infinite impulse response (IIR) filter, amplified (× 5,000) and rectified [26]. 
The baselines for ZM and CS are defined as the mean activity in the one second 
before stimulus onset.

Then, the change scores for both ZM and CS were computed by subtracting 
their respective baselines from the mean responses sampled at each half-second 
time interval after stimulus onset for the following six seconds (i.e., 12 sam-
ples were collected). In Table 4.1, 30 features were obtained from the statistic    

Fig. 4.2  Illustration of SCR 
features
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features of ZM, CS, the difference score between CS and ZM change scores, i.e., 
CS—ZM, integrated ZM and CS change scores and CS—ZM over the presenta-
tion time. Taking ZM as an example, if Y and stand for the change scores of ZM 
and the i-th sample within one emotion segment (i = 1, . . . , 12) , respectively, the 
definitions of the statistic measures are defined as follows:

1. The means of the raw change scores

where Yi (1 ≤ i ≤ 12) is the i-th sample of ZM or CS.

2. The standard deviations of the raw change scores

3. The means of the absolute values of the first differences of the raw change 
scores

Let 
∼

Yi refer to the normalized signal, i.e., 
∼

Yi = (Yi − µY )
/

σY ,

4. The means of the absolute values of the first differences of the normalized raw 
change scores

(4.1)µY = 1
/

12

12∑

i=1

Yi ,

(4.2)σY =

√
1
/

11

∑12

i=1
(Yi − µY )2,

(4.3)δY = 1
/

11

11∑

i=1

|Yi+1 − Yi |,

(4.4)
∼

δY = 1
/

11

11∑

i=1

∣∣∣∣
∼

Yi+1 −

∼

Yi

∣∣∣∣ = δY
/
σY

,

Table 4.1  Features of facial EMG and respiration data

Statistic measure ZM CS CZ Integrated 
ZM

Integrated 
CS

Integrated 
CZ

Respiration

Mean √ √ √ √ √ √
Standard deviation √ √ √ √ √ √ √
MAFF √ √ √ √ √ √
NMAFF √ √ √
MASF √ √ √ √ √
NMASF √ √
Acc √ √ √ √

Note ‘√’ shows that the corresponding statistic measure is calculated for the physiological signal. 
The means of the absolute values of the first differences (MAFF), the normalized means of the 
absolute values of the first differences (NMAFF), the means of the absolute values of the second  
differences (MASF), the normalized means of the absolute values of the second differences 
(NMASF), the average acceleration (Acc)
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5. The means of the absolute values of the second differences of the raw change 
scores

6. The means of the absolute values of the second differences of the normalized 
raw change scores

Respiration measures the rate or volume of air exchange in human lungs by its 
rate or amplitude. It is observed that high arousal generally increases respiration 
rate while low arousal decreases respiration [22, 34]. In this study, the respiration 
sensor was sensitive to stretch and was strapped around each participant’s abdo-
men. The respiration rate and relative respiration amplitude data were collected. 
Empirically, the deviation respiration rate from the baseline was calculated by 
subtracting the mean rate of 3 s since stimulus onset from the mean rate in 0.5 s 
bins for the following 6 s. Then the mean, the standard deviation, and the average 
acceleration or deceleration of the respiration measure were computed from the 
sampled data as features for model construction. Note the average acceleration or 
deceleration of the respiration measure is defined as follows:

where Ri (1 ≤ i ≤ 12) is the i-th sample of respiration rate.
EEG is the recording of electrical activity along the scalp produced by the fir-

ing of neurons within the brain and reflects correlated synaptic activity caused 
by post-synaptic potentials of cortical neurons [35]. It is the summation of oscil-
lations with a frequency range from 1 to 80 Hz, with amplitudes of 0.01–0.1 V 
[36]. In this research, the alpha (8–12 Hz) and beta (12–30 Hz) frequencies are 
extracted to reflect different affect related activities [37]. Alpha waves are typical 
for an alert but relaxed mental state, visible over the parietal and occipital lobes, 
while beta waves are related to an active state of mind (busy, alert, anxious think-
ing, and/or active concentration), most evident in the frontal cortex [36]. In this 
research, the only sensing electrode is placed at the Fpz which is defined by the 
international 10–20 system [38]. The two reference electrodes are located at the 
left and right ear lobes. In order to minimize artefacts introduced in the EEG sig-
nals, participants are instructed not to blink during the six-second stimulus presen-
tation as they could, and electrooculogram artefacts are corrected by an adaptive 
filter based on the least mean squares regression [39] using EEGLab software 
based on Matlab R2008b. The EEG data are then bandpass filtered into alpha and 
beta waves using an elliptic, short IIR filter.

(4.5)γY = 1
/

10

10∑

i=1

|Yi+2 − Yi |,

(4.6)
∼

γY = 1
/
10

∑10

i=1

∣∣∣∣
∼

Yi+2 −

∼

Yi

∣∣∣∣ = γY
/
σY

.

(4.7)aR = 1
/

11

11∑

i=1

(Ri+1 − Ri ) = 1
/

11 (R12 − R1)
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Alpha wave and beta wave are obtained by preprocessing the EEG data using 
EEGLab. Then the following energy features are calculated:

1. The power of alpha (Eα) ,

2. The power of beta 
(
Eβ

)
,

3. The power of alpha and beta 
(
Eα+β

)
,

4. The power of beta to alpha ratio 
(
Eβ/α

)
,

5. The ratio of beta power to alpha power 
(

Eβ
/

Eα

)
 during the stimulus 

presentation.

The power spectral density (PSD) function of DelSys EMGworks analysis soft-
ware (Delsys, Boston, USA) determines the PSD using the Welch method [40]. 
Then, the corresponding energy features are obtained within the specified (i.e., 
alpha, beta, and alpha + beta frequency) frequency band by integrating PSD 
within them. These features tell at which frequency ranges variations are strong 
and at which frequency ranges variations are week.

4.2.5  Procedure

First, participants were briefed that there would be different pictures (in the 
first place) and sound clips that might prompt different affective states and they 
should attend to the entire stimulus presentation for 6 s. Then, the notion of 
valence and arousal was explained using Self-Assessment Manikin (SAM) [41], 
which is a non-verbal pictorial scale (1–9, where 1 is extremely negative/calm, 
5 neutral, and 9 extremely positive/activated) for the measurement of valence 
and arousal. Before the experiment, a practice trail with 6 pictures and 4 sound 
clips (these stimuli were different from those in the real experiment) was con-
ducted by the participant. This enabled the participant to be familiar with the 
experiment protocols. After all the sensors were installed on the participant, 
a 2 min resting baseline was followed before the first stimulus was presented 
on a 17-inch HP desktop around 1 meter away. The experiment took place in a 
project room with dim lighting at 25 °C. The order of stimuli presentation was 
randomly but not repeatedly generated for each participant to minimize order 
and habituation effects. After receiving one stimulus, the participant was asked 
to rate the stimulus on valence and arousal using the computer-version SAM. 
Afterwards, each participant was asked to choose one affective adjective that 
best describe the affective response to the stimuli from the given terms (see Sect. 
4.3). If a particular stimulus that was judged by more than 60 % of the partici-
pants to be evocative of one type of affect (e.g., sad), this stimulus was labeled 
as that type of affect. To avoid conflict between two consecutive affective states, 
there was a 10 s rest interval without any stimulus before the presentation of the 
next stimulus.
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4.3  Affect Differentiation

4.3.1  Results for Visual Stimuli

There are 7 affective states included in this study, namely excited, amused, 
 contented, bored, sad, fearful, and disgusted, which were grouped into three cat-
egories: positive affect (excited, amused, and contented), neutral affect (bored), 
and negative affect (sad, fearful, and disgusted). The corresponding pictures in the 
IAPS were identified as 4,645, 4,677, 4,687, 4,694 (excited), 1,340, 1,811, 2,341, 
2,352.1 (amused), 2,340, 2,360, 2,550, 2,530 (contented), 7,233, 7,045, 7,010, 
7,003 (bored), 2,276, 2,800, 2,900, 9,220 (sad), 6,260, 6,350, 1,120, 1,050 (fear-
ful), and 3,080, 3,130, 3,170, 3,000 (disgusted). Each received mean votes of 78.6, 
61.3, 70.8, 88.7, 86.3, 83.3, and 67.9 % from 42 participants, respectively.

In order to better differentiate among positive, neutral, and negative affect as 
well as different affective states, F-values of the 12 sampling data were first cal-
culated (except subjective rating, SCR, and EEG as there was only one sample 
for them) in the corresponding timeline after stimulus onset and the physiological 
sampling data associated with maximal F-values and p-values smaller than 0.05 
were selected to better distinguish among them, including facial EMG (CS and 
ZM) and respiration rate (Resp. Rate). Figure 4.3 shows the changes of F-values 
of ZM, CS, and respiration rate with their respective maximum values at the 10th, 
6th, and 4th sampling data (5th, 3rd, and 5th seconds after stimulus onset, respec-
tively) for both tests based on valence and affect with p-values smaller than 0.05.

First of all, affect was tested based on valence, i.e., positive, neutral, and negative. 
Table 4.2 shows the results of measures which had significant main effects, while 
SCR (a marginal main effect, F (2, 291) = 2.61, p = 0.075) and alpha wave (F (2, 
291) = 0.23, p = 0.790) were excluded for analysis. Valence ratings had the most 
significant main effect, as expected; Post-hoc comparisons between any two valence 
categories were significantly different, p < 0.001 for all of them. Both positive and 
negative affect nearly received an equivalent amount of arousal ratings; neverthe-
less, they had significantly higher ratings than those of neutral affect, p12 < 0.001, 

Fig. 4.3  Trends of F-values 
of ZM, CS, and respiration 
rate along sampling data for 
visual stimuli
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p23 < 0.001 (note pij represents the p-value of the comparison between the i-th 
and the j-th valence/affective states; i, j, the subscripts for each valence/affect in 
Tables 4.2, 4.3, 4.4, 4.5 below).

With regard to Facial EMG, both ZM and CS had main effects among three 
categories. ZM activity was most sensitive to positive affect and significantly dis-
tinguished between positive and neutral affect, p12 < 0.01, and between positive 
and negative affect, p13 < 0.001, but not between neutral and negative affect. On 
the contrary, the largest CS activity was elicited by negative affect and thus sig-
nificantly from those by positive (p13 < 0.001) and neutral (p23 < 0.001) affect; no 
significant difference was found between positive and neutral affect.

Changes of respiration rate was most substantial in neutral affect which was 
 significantly different from those in positive affect (p12 < 0.001) and those in negative 
affect (p23 < 0.001). With regard to beta wave, post hoc analysis showed that changes 
in the neutral affect and negative affect had a significant difference, p23 < 0.05.

Table 4.3 shows the results of mean values of dependent measures for 7 
 affective states. Power changes in alpha wave (F (6, 189) = 1.68, p = 0.128) and 
beta wave (F (6, 189) = 1.83, p = 0.095) failed to have significant main effects for 
them, and thus excluded for further analysis. As for valence ratings, consistent with 
the results by tests based on valence, they differed among positive, neutral, and 
negative affect. Further, bored and disgust significantly differed from all the other 
affect (p < 0.001 for all the pairwise comparisons); excited and contented were also 
significantly different (p24 < 0.05). With regard to arousal ratings, bored received 
lowest rating so that it differed significantly from all other states (p45 < 0.05 and 
p < 0.001 for the other comparisons). The largest ones were corresponding to 
excited and disgust which were significantly different from other affect except 
the comparison between amused and excited (p13 < 0.01, p16 < 0.05, p27 < 0.05, 
and p < 0.001 for others). Roughly consistent with arousal ratings but with a 
weaker main effect among different affect, the largest SCR changes were associ-
ated with excited and disgust which were significantly different from those with 
smallest changes, i.e., contented and bored (p13 < 0.01, p14 < 0.05, p37 < 0.01, and 
p47 < 0.05); however, the ones with a medium level of SCR changes, i.e., amused, 
sad, and fearful did not have significant differences from others.

Amused triggered the largest ZM changes and it significantly differed from 
all other states (p12 < 0.01, p26 < 0.05, p27 < 0.01 and p < 0.001 for others), 
except contented, which significantly differed from bored and sad (p34 < 0.05 
and p35 < 0.05), associated with the smallest ZM changes. A medium level of 
ZM changes were associated with excited, fearful, and disgust. Disgust elicited 
the largest CS changes which was significantly different from all other affect 
(p57 < 0.05 and p < 0.001 for others), except fearful which was significantly dif-
ferent from amused and contented with a lowest level of CS changes (p36, p28, and 
p46 < 0.001), but not excited and bored.

Results show that sad and fearful triggered only increases in the respiration 
rate while all others triggered decreases. Among all others, bored had the biggest 
decrease which significantly differed from all other affect (p14, p34, p47 < 0.01, 
p24 < 0.05, p45, p46 < 0.001).
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4.3.2  Results for Auditory Stimuli

For the auditory stimuli, there were 6 affective states selected, namely happy, 
excited, bored, sad, disgusted, and fearful. The corresponding auditory stimuli in 
the IADS were 226, 230, 110, 221 (happy), 216, 200, 311, 815 (excited), 708, 262, 
322, 723 (bored), 261, 105, 280, 293 (sad) 702, 251, 252, 255 (disgust), and 276, 
277, 286, 279 (fearful) with mean votes of 71.4, 72.0, 89.9, 63.7, 75.6, and 76.8 % 
from 42 participants, respectively.

In a similar strategy to the visual stimuli, measures of facial EMG (CS and ZM) 
and respiration rate (Resp. Rate) that best differentiate among 6 states were identified 
by selecting the maximum F-values of the 12 sampling data. Figure 4.4 shows that, for 
tests based on valence, the maximum F-values for ZM, CS, and respiration rate were 
at 12th, 12th, and 8th sampling data (6th, 6th, and 7th seconds after stimulus onset), 
respectively, while for tests based on states, those maximum values were at 11th, 10th, 
and 3rd sampling data (5.5th, 5th, and 4.5th seconds after stimulus onset), respectively.

Table 4.4 shows that each measure had a significant main effect, except SCR 
(F (2, 249) = 1.07, p > 0.05). Valence ratings had the most significant main 
effect, where all comparisons of ratings from any two categories were significant, 
p < 0.001. Neutral received the lowest arousal ratings, significantly different from 
those of positive (p12 < 0.001) and negative (p23 < 0.01) affect while positive and 
negative affect received nearly equivalent ratings.

Similar to facial EMG activity for the visual stimuli, ZM activity was the most 
sensitive to positive affect and significantly distinguished between positive and 
neutral affect, p12 < 0.01, and between positive and negative affect, p13 < 0.01, but 
not between neutral and negative affect. On the contrary, CS activity was the most 
active for negative affect and significantly differed between negative and positive 
affect p13 < 0.001, and between neutral and negative affect p23 < 0.001.

Unlike changes of respiration rate for the visual stimuli, respiration rate 
increased for negative affect but decreased both for positive and neutral affect. 
Significant difference was only found between negative affect and positive affect, 
p13 < 0.05. For EEG, both power changes of alpha and beta waves had main 
effects and post hoc analysis showed that for alpha wave, changes in neutral affect 

Fig. 4.4  Trends of F-values 
of ZM, CS, and respiration 
rate along sampling data for 
auditory stimuli
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and negative affect had a significant differences, p23 < 0.05 while for beta wave, 
changes in neutral affect were significantly from those in positive (p12 < 0.05) and 
negative (p23 < 0.001) affect.

Table 4.5 shows the results of mean values of dependent measures of 6 affect 
for the auditory stimuli. Valence ratings significantly differed among three catego-
ries: positive (happy and excited), neutral, and negative (sad, disgust, and fearful) 
affect (p < 0.001 for all the pairwise comparisons). However, it did not distinguish 
between happy and excited which received the highest ratings, and between sad 
and disgust which received second lowest ratings after fearful. There were three 
levels of arousal ratings, the highest arousal ratings associated with excited and 
fearful, the medium arousal ratings, i.e., happy, sad, and disgust, and the lowest 
arousal rating, i.e., bored; comparisons between any two from different levels were 
significantly different from each other, p < 0.001 for all of them.

With regard to ZM activity, happy triggered the largest changes which 
 significantly differed from bored, sad, and fearful (p13, p14, p16 < 0.01); excited 
and disgust triggered a medium level of ZM changes; bored and sad triggered the 
smallest changes in ZM; however, the latter two levels did not significantly dif-
fer with each other. CS changes seemed inversely proportional to valence ratings 
of affect. The largest CS changes were associated with fearful and disgust which 
were significantly differently from happy, excited, and bored (p < 0.001 for all the 
comparisons involved); followed by sad with medium changes in CS which only 
significantly differed from happy with lowest changes in CS (p14 < 0.05).

Only a marginal main effect was found for respiration rate changes of all 
the affect, F (5, 246) = 2.01, p < 0.10. However, both power changes in alpha 
and beta waves had significant main effects. Regarding alpha wave, three levels 
of power changes were identified. Fearful triggered the largest power changes 
and significantly differs from excited, bored, and sad associated with lowest 
changes (p26, p46 < 0.05, p36 < 0.01); disgust and happy elicited medium power 
changes in alpha wave without significant differences with other two levels of 
changes. Likewise, three levels of power changes in beta wave were recognized. 
Disgust elicited the largest changes and was significantly different from bored, 
sad, and happy associated with the lowest level of changes (p15 < 0.01 and p35, 
p45 < 0.001); the medium level of changes were associated with fearful and 
excited which were significantly different from bored and sad, except the compari-
son between excited and sad (p23, p46 < 0.05, p36 < 0.001).

4.4  Affect Prediction

4.4.1  Feature Extraction and Classification

In order to predict affect, it is important to synthesize diverse measures and iden-
tify most relevant features. The results of ANOVA in Sect. 4.3 showed which 
features were significantly different between two or more classes. There are two 
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popular methods with regard to feature selection and dimensionality reduction, 
namely principal component analysis (PCA) and linear discriminant analysis 
(LDA) [42]. These methods are used to find linear combination of features which 
best separate two or more classes of objects. However, compared with PCA, LDA 
explicitly makes class information to maximize ratio of between-class and within-
class scatter matrix of transformed features. Therefore, LDA was first performed 
on a collection of features calculated in Sect. 4.2.4 for both the visual and auditory 
stimuli for valence- and affect-based prediction. For valence-based prediction, 3 
transformed features were obtained in the LDA hyperplane while for affect-based 
prediction, 7 transformed features were obtained for both the visual and auditory 
stimuli. As an example, Fig. 4.5 shows the projection of the transformed feature 
set onto a two dimensional scatter plot.

Three data mining methods were then used to predict affect based on the trans-
formed features, i.e., k-nearest neighbor (k-NN), decision rule (DR), and decision 
tree (DT) based on rough set theory using the rough set software system (RSES 
2.2.2) (http://logic.mimuw.edu.pl/~rses/) [43]. k-NN constructs a distance meas-
ure on the basis of training samples and tested samples will make the decision 
based on the k (k = 5, 10, 20 in the test experiment) training samples that are 
nearest to the tested ones with respect to the calculated distance [44]. Decision 
rules are generated based on reducts and the predecessor of the rule takes the con-
junction of certain features values or intervals and the successor takes on specific 
affect. These rules make it possible to predict affect with a voting strategy [45]. 
Decision trees are used to split feature set into fragments not larger than a prede-
fined size as leafs which are supposed to be more uniform and easier to predict 
affect [43].
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Before testing, the feature set was tabulated as a decision table, 
T = (F ∪ D, C), where F is the feature set organized in the vector form f, D 
the decision set, either valence or affect. F ∪ D the universe of inference C , 
that is, c =

{
C∗

m

}
M

∈ C , where M denotes the total number of the training pat-
terns in the decision table. A specific entry of T, C∗

m ∼

(
F∗

j ⇒ D∗

k

)
, embodies 

the inference relationship from the features F∗

j  to the corresponding affective state 
D∗

k . F∗

j = { f ∗

i j }J is the value set of the feature vector f, where f = { fi }I , I the 
total number of features; D∗

k = {dk}K (K the total number of valence or affect), 
the value set of D, in the test cases, was one type of particular ‘valence’, or 
‘affect’ for the two types of predictions, respectively. The former assumed one of 
the symbolic values from Dv∗

= {positive, neutral, negative} for both the visual 
and auditory stimuli, while the latter assumed one of the symbolic values from 
Dvisual∗

= {excited, amused, content, bored, sad, fearful, disgust} for the visual 
stimuli and Dauditory∗

= {excited, happy, bored, sad, fearful, disgust} for the audi-
tory stimuli. As an example, the decision table for valence-based prediction of the 
visual stimuli is shown in Table 4.6. To further get better prediction results, the 
features were discretized using cuts that were produced with the global strategy 
based on the maximal discernibility heuristics [45].

4.4.2  Prediction Results

In the 4 predictions, there were 294 training entries (42 participants by 7 affect) in 
the decision table for the visual stimuli and 252 training entries in the decision table 
for the auditory stimuli (42 participants by 6 affect). A tenfold cross validation was 
adopted for all the methods. Tables 4.7, 4.8, 4.9, 4.10 show the prediction accura-
cies of all the methods for the visual and auditory stimuli. As for the valence-based 

Table 4.6  Decision table for valence-based prediction of visual stimuli

# Entry Feature 1 Feature 2 Feature 3 Decision (valence)

1 −0.0339 −1.7348 −0.7502 Positive
2 −1.6468 0.4395 −0.6939 Positive
… … … … …
294 −3.5345 −3.0927 3.8757 Negative

Table 4.7  Valence-based prediction results for visual stimuli

Valence Positive (%) Neutral (%) Negative (%) Mean (%)

DR 92.20 65.80 94.10 84.03
DT 97.50 82.50 94.40 91.47
5-NN 88.20 79.30 92.50 86.67
10-NN 89.80 74.80 90.10 84.90
20-NN 90.70 71.50 92.50 84.90
Mean 91.68 74.78 92.72 86.39
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prediction, in Tables 4.7 and 4.8, it was found that the mean  prediction rates ranged 
from 84.03 % by DR to 91.07 % by DT and from 87.73 % by DT to 91.36 % by DT 
for the visual and auditory stimuli, respectively, while the results by k-NN meth-
ods were in between; As for valence, the prediction rates across different methods 
of neutral were lowest whilst those of positive and negative were nearly equivalent 
for two types of stimuli. However, the overall results for the auditory stimuli were 
slightly better than those for the visual stimuli. As for affect-based prediction in 
Tables 4.9 and 4.10, the mean prediction rates by 10-NN obtained the best results, 
71.13 and 80.66 % for the visual and auditory stimuli, respectively; the lowest pre-
diction results were obtained by DT (62.88 %) and DR (76.55 %) for the visual 
and auditory stimuli, respectively. With regard to the affect, for the visual stimuli, 
mean prediction rates across different methods of amused, contented, and fearful 
were among the lowest, 49.24, 55.36, and 58.78 %, respectively, followed by sad, 
excited, disgust, and bored which gained the best mean prediction rate of 85.15 %. 
For mean prediction rates across all the methods for auditory stimuli, the lowest 
ones were those for happy (62.50 %), bored (70.58 %), followed by disgust, fearful, 

Table 4.8  Valence-based prediction results for auditory stimuli

Valence Positive (%) Neutral (%) Negative (%) Mean (%)

DR 96.00 80.20 97.90 91.36
DT 91.30 75.80 96.10 87.73
5-NN 91.90 86.70 92.21 90.27
10-NN 88.90 87.20 93.30 89.80
20-NN 87.40 83.00 93.60 88.00
Mean 91.10 82.58 94.62 89.43

Table 4.9  Affect-based prediction results for the visual stimuli

Valence Excited 
(%)

Amused 
(%)

Content 
(%)

Bored  
(%)

Sad  
(%)

Fearful 
(%)

Disgust 
(%)

Mean  
(%)

DR 90.02 55.70 36.00 84.40 79.80 60.50 81.90 69.76
DT 70.00 69.20 40.00 73.33 90.00 47.50 50.08 62.88
5-NN 67.30 55.40 56.10 83.70 60.70 57.00 79.20 65.63
10-NN 72.50 52.00 60.80 89.70 71.70 64.70 86.50 71.13
20-NN 79.50 44.50 53.30 94.60 61.30 64.20 83.60 68.71
Mean 75.86 55.36 49.24 85.15 72.70 58.78 76.26 67.62

Table 4.10  Affect-based prediction results for auditory stimuli

Valence Happy  
(%)

Excited  
(%)

Bored  
(%)

Fearful  
(%)

Sad  
(%)

Disgust  
(%)

Mean  
(%)

DR 54.10 95.00 69.50 85.70 78.00 77.00 76.55
DT 63.30 100.00 72.50 84.00 86.80 73.30 79.98
5-NN 68.00 89.70 65.00 79.00 93.00 86.00 80.12
10-NN 68.60 78.30 79.70 83.33 86.80 87.20 80.66
20-NN 58.50 90.00 66.20 81.50 89.80 84.50 78.42
Mean 62.50 90.60 70.58 82.71 86.88 81.60 79.14
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sad, and excited which was the best prediction rate at 90.06 %. It was observed that 
prediction errors were mainly made in the same valence category for the affect-
based prediction. For example, it was hard to distinguish between amused and con-
tented in Table 4.9 as well as sad and fearful in Tables 4.9 and 4.10. Similarly, the 
overall results of the auditory stimuli were better than those of the visual stimuli.

4.5  Disscussions

The current results showed that by measuring the facial EMG (ZM and CS) activ-
ity, respiration rate, SCR, and EEG (alpha and beta waves) power, as well as sub-
jective ratings on valence and arousal, it was likely to distinguish among different 
valence and affective states reasonably well. For the visual stimuli, it was found 
that physiological measures, including ZM and CS, respiration rate, and beta wave 
had significant main effects when differentiating among positive, neutral, and neg-
ative affect while SCR only had a marginal main effect; A slightly difference was 
that SCR had a significant main effect whereas power changes in beta wave had a 
marginal main effect when testing among different affective states. As for the audi-
tory stimuli, all the physiological measures had significant main effects for two 
types of tests, except SCR and respiration rate for the test of affective states with a 
marginal main effect. Further, consistent with the results of statistical tests, results 
of valence-based prediction were better than those of affect-based results which 
only obtained reasonable results. At a fundamental level, the physiological system 
reflect corresponding categories of affective reactions: positive affect and approach 
behavior, and negative affect and avoidance [46] while much smaller differences 
exist for affect within the same valence; Although no one measure can absolutely 
distinguish all the provided affect and some responses are typically activated in 
specific contexts whereas others remain inactive, it is possible that the combina-
tion of the multiple measures provides a big picture of affective patterns. On the 
one hand, based on the obtained results, it is plausible that major appraisal out-
comes and major interaction patterns, although not invariably linked, maintain a 
non-arbitrary coherence [47].

It was demonstrated that both the visual and auditory stimuli were able to 
elicit affect and had relatively similar results in terms of statistical tests while 
better results were gained for data mining-based affect prediction for the audi-
tory stimuli. This suggests that physiological systems are primarily sensitive 
to affective activation rather than to the specific mode of presentation [48]. 
Comparing Fig. 4.3 with Fig. 4.4, it was observed that the maximum F-values 
of facial EMG and respiration rate appeared at a later time (close to the stimu-
lus offset) for the auditory stimuli. This indicates that these physiological activi-
ties continue to be active during the auditory stimulus presentation time whereas 
pictures do not which led to better results for the auditory stimuli. This might be 
because the auditory stimuli change dynamically and new affective information 
is serially added [48]. Another good reason is that, compared with the 7 states in 
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affect-based prediction for the visual stimuli, there were 6 affective states for the 
auditory stimuli.

From a technological perspective, the physiological sensor and computing 
system provides one means of monitoring, quantifying and representing users’ 
affective states in real time. Based on the mechanisms presumed to underlie the 
elicitation and differentiation of affect, affect is a multi-componential phenome-
non, including efferent physiological, behavioral, and subjective manifestations, 
unfolding over time with possibly highly organized response profiles [14], mul-
tiple measures can be used to predict users’ affective states more objectively 
and with a high ecological validity. Using wireless physiological sensors, dur-
ing the human-product interaction, users’ affect transitions can be uncovered 
without interfering with users or retrospective bias recalls that self-reports often 
has so that the mapping between affective needs and design elements in prod-
uct can be constructed. However, self-reports can be used afterwards as further 
validation. Therefore, adaptive systems based on physiological computing, on 
the one hand, have potential to design technology that sustains user engagement 
and maximizes the positive affect experienced by the user, and on the other 
hand, minimize negative affect by offering assistance if the user is unable to 
perform the task [14]. And physiological monitoring systems integrated into the 
fabric of the wearer that continuously acquire multiple physiological data in an 
unobtrusive way are developed and continue to be improved, such as ‘Smart 
Shirt’ [49]. Therefore, the future of physiological measurement in emotional 
design is promising.

However, emotional design still remains at an early stage. Various problems yet 
need to be tackled. As mentioned early there is no consensus among psychologists 
on the framework of affect (discrete versus dimensional). Hence, it seems that 
models proposed here on the relationships between physiology and affective states 
cannot be applicable to others due to different users (influenced by age, culture, 
and other factors), contexts, and tasks involved. And the affective states evoked 
during different human-product interactions can be quite different. Therefore, it is 
critical that the system designer accurately assess the possible affective states, its 
effects on the user, and its task performance in a particular human-product inter-
action scenario [46]. Further, there are still some inconsistencies remain among 
findings reported in literature [50]. There are also differences between individuals 
in their degree of physiological responses and even at different occasions within 
the same individual. To some extent, normalization and standardization techniques 
can mitigate the differences among individuals. In other cases, there is specially 
designed product that is customized for only one particular user where the reliabil-
ity of this technology can be enhanced. Another difficulty is that it is also argued 
that tighter experimental control with strong affective stimuli may well have pro-
duced statistically significant difference whereas it seems unlikely to have similar 
results under the circumstances of loosely controlled situations with subtle affec-
tive stimuli [51]. However, it is worth emphasizing that technological advances 
may permit one to venture into these subtle physiological changes as affective 
responses.
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4.6  Conclusions

Emotional design focuses on users’ affective needs as well as task performance 
which calls for which affective considerations must be measured and predicted, and 
how and when to respond accordingly for the system. In this study, multiple affec-
tive responses were measured using facial EMG (zygomatic and corrugator muscle 
activity), respiration rate, electroencephalography, and SCR as well as subjective 
rating when participants were exposed to a wide range of affective stimuli both 
visually and auditorily. Results showed that physiological signals are capable of 
measuring and predicting affective states in real time. In this sense, measurements 
based on physiological signals have the potential to associate users’ affective states 
with physiological signals in a particular time and further with system components 
or stimulus events that cause these affective states. It thus extends the interaction 
medium between users and systems. Although the study has been conducted in lab 
with controlled experiments, the proposed concept has meaningful implications in 
design systems affectively to improve user satisfaction and task performance.
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Abstract This chapter examines the role of designers’ own experience and  
perception in the process of designing new products, based on an experimental 
approach with designers. So far, most design studies have investigated the role of 
visual stimuli and visual modality in the design process. Designers being humans 
with senses, we claim that other sensory modalities might affect the design process 
and outcomes. We propose an approach to study the practice of designing where 
both creativity and designers’ sensory impressions are investigated jointly.

5.1  Role of Sensory Stimulation in the Design Process

To remain competitive, companies worldwide strive to design and manufacture 
distinguishable products that attract consumers. In this chapter, we focus two 
major factors of product attractiveness: creativity and emotional value. Recently, 
there has been a growing number of research investigations aimed at understand-
ing the process of both creativity and creation of emotional value and at enhancing 
them. Both topics are usually studied independently, while we suggest that there 
is a link between design creativity and emotional value. This chapter reviews a 
selection of studies on design creativity as well as studies on creation of emotional 
value and tries to build a theoretical framework for experimental studies on the 
relationship between design creativity and creation of emotional value.

5.1.1  Visual Stimulation Supports Design Creativity

One of the most accepted models of creativity is the model by Amabile [1]; 
this model suggests that creativity is made of three components:
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– Expertise: knowledge-technical, procedural and intellectual expertise
– Motivation: intrinsic and extrinsic motivation
– Creative thinking skills: how flexibly and imaginatively people approach 

problems (Fig. 5.1)

The «creative thinking skills» can be affected by various parameters including 
the type of design problem to be solved and the type of external information the 
designers use along the design process.

Based on this description, several studies have explored how far visual or 
textual information impact the level of creativity of the design outcomes [2, 
4, 5], but very few investigations have dealt with the emotional processes that 
underlie the effects of external information.

An investigation described the mental process of analogical reasoning of archi-
tects [8]. Another has shown how designers transform words into mental images 
then finally into product images, with several moves of abstraction levels [11]. 
Sketching is an important part of design practice and design education, and there has 
been a large amount of research investigations on the sketching activity by design-
ers. As [14] defined it, design can be seen as a reflective conversation based on a 
generation-visualization loop, made possible by the production of handmade draw-
ings. Based on observations of the usual practice of sketching, it was confirmed by 
later studies that sketching would enable designers to visualize and interpret their 
ideas and the visualization of their own sketches would give a new twist to their idea 
flow [15].

In the design process, visual information is a major support for analogy-mak-
ing [13]. Two famous examples are “Juicy Salif” lemon squeezer would have been 
inspired by sci-fi comics by Philippe Starck as a young boy [9] and “The Dancing 
Building” in Prague, designed by Frank O. Gehry from a movie dancing scene 
with Fred Astaire and Ginger Rogers [6] (Fig. 5.2).

Aside these famous examples of visual inspiration, it has been frequently 
observed by researchers that designers intensively browse images from magazines 
or Web sites and used collection of precedents. To support this common practice 

Fig. 5.1  Three components 
of creativity [1]
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among designers, design-dedicated softwares or interfaces have been developed 
to retrieve images, such as Product World [12], CRAI [6], Cabinet [7], TRENDS 
[10].

A study with four architectural designers who had to describe verbally their 
mental path [8] observed that 5.8 analogies/hour were made. Some studies have 
demonstrated that images have a positive impact on design creativity. For instance, 
[3] showed that the use of visual stimuli helped designers to produce more  
outputs; visual stimuli lead to the production of more ideas. Also, [5] compared 
the level of creativity of designers’ outputs, in two different working environ-
ments: with or without visual stimuli surrounding the designers. This study 
showed that visual stimuli not only help designers to produce more ideas but also 
help designer to produce outputs with a higher level of creativity.

5.1.2  Designers are Looking for Sensory Stimulation

As we could observe in a previous investigation with professional designers at 
FIAT and Bertone companies [10], designers claim to look for creative inspiration 
in various domains and various life experiences. We asked designers to list their 
sources of inspiration and to report activities they do in order to be creative. Their 
replies covered a variety of sources, such as cinema, food, music (Fig. 5.3).

More precisely, designers mentioned in a series of interviews that “looking for 
inspiration” during a design project means trying to find new ideas but also experi-
encing emotions. In fact, in our experiments where designers had to select images 
they found “inspirational,” we could observe that designers were not only looking at 
images that would help them for analogical reasoning, but also images that would 
create an emotional impact.

When looking at pictures of which designers had to evaluate the utility value 
in a given design task, all designers commented the pictures in terms of emotional 
impact they experienced (Fig. 5.4).

Fig. 5.2  “Dancing Building” in Prague by Frank O. Gehry based on [6]
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They selected these pictures because they could feel an impression of “fresh-
ness,” “coolness,” “simplicity” and so on. In this case, the visual stimuli caught 
designers’ eyes because they helped to experience a feeling or an emotion (Fig. 5.5).

Fig. 5.4  Experiment: a designer is annotating “useful” images [10]

Fig. 5.3  Extract of interviews with professional designers at FIAT [10]
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5.1.3  Emotion, Fourth Component of Creativity?

Much effort was put on understanding how stimuli could support design creativity 
and analogical reasoning. However, how to support the creation of emotional value 
was not much investigated (Fig. 5.6).

As we saw earlier, the visual modality has been largely studied because design-
ers are known to intensively use visual sources of inspiration (magazines, pictures, 
mood boards…). Other sensory modalities have remained outside the scope of 
design investigations so far. Yet, designers are human beings with their own impres-
sions and emotions which are affected by all sensory modalities, and we believe 
that designers’ experience, including emotional, influences the whole design pro-
cess and the quality of the design outputs. Thus, in our investigations, the focus is 
set on the designers’ themselves, and our goal is to understand how external infor-
mation affects the designers’ emotional processes and level of creativity.

Our research hypotheses are the following:
H1 Sensory stimulation boosts designers’ creativity
H2 Stimulation of memory recall boosts designers’ creativity

5.2  Comparing the Effect of Sensory Modalities  
in a Creative Task

The study of design practice should not concentrate on the sole visual modality. 
Sound for instance is a powerful emotion trigger. This experiment tries to answer 
the following question: Can design creativity be enhanced by auditory stimulation?

Fig. 5.5  Selected images are annotated with explanations about their “usefulness”
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We expect that auditory stimuli will support design creativity as much as visual 
stimuli do but also we expect that the type of creativity supported by auditory stim-
uli will be different from design creativity stimulated by visual stimuli.

5.2.1  Experimental Approach

Twenty-five participants had to sketch a new concept of chair, either after having 
looked at a picture (n = 13) or having listened to a sound (n = 12), both represent-
ing the same situation or product (e.g. picture of fireworks in the visual condition 
and sound of fireworks in the auditory condition). For each of these two sensory 
modalities, four different types of stimuli were given: crying baby, waterfall, hair-
dryer and fireworks.

The novelty of each concept was assessed by two external judges (experienced 
designers). The assessment was based on a guideline we designed with the idea 
that design creativity should be reflected in artifacts with high emotional value and 
novel modes of usage and user interaction (Table 5.1).

As an example, a chair concept that had a novel shape but no originality in its 
usage received a “1.” The results show that auditory stimuli, as compared to visual 
stimuli, tended to support the production of more original design concepts.

Table 5.1  Guideline for 
assessing the originality  
of the concepts sketched  
by the participants

Low-level features (look, 
shape, color, texture)

High-level features (use, 
interaction, experience)

Not novel Not novel →0
Novel Not novel →1
Novel/not novel Slightly novel →2
Novel/not novel Highly novel →3

Fig. 5.6  Emotions as 
the fourth component of 
creativity?



695 Sensory Stimulation of Designers

5.2.2  Results and Discussion

The ratings given to the sketches of each group in the four cases and throughout 
the whole experiment were examined. The average scores for the group with visual 
stimuli vary between 0.77 and 1.08, with an overall average of 0.88. Given their 
low scores, the sketches of this group seem to be original in terms of low-level 
features only, like shape, pattern or texture. The average scores for the group with 
auditory stimuli vary between 0.83 and 1.89, with an overall average of 1.42. This 
group generated more novel concepts, with a tendency toward original high-level 
features, like new modes of using the product or interacting with it. A two-tailed  
t test was performed. In all cases, the inter-judge agreement (Cronbach’s alpha) was 
higher than 0.7, which we consider acceptable in this context (Fig. 5.7).

In the case of stimuli #1 and #2, there was no statistically significant  difference 
between the groups. As of stimuli #3 and #4, and also throughout the whole 
 experiment, the sketches produced with auditory stimuli received higher scores 
than the sketches produced with visual stimuli and this difference between groups 
was statistically significant (Table 5.2).

Fig. 5.7  Average originality scores

Table 5.2  Comparison of 
group A (visual condition) 
and group B (auditory 
condition)

Stimulus Inter-judge  
agreement  
(Cronbach’s alpha)

Group A/Group B 
comparison  
(two-tailed t test)

1. Crying baby 0.743 t (19) = 0.101; 
NS

2. Waterfall 0.787 t (23) = 0.92; NS
3. Hair-dryer 0.8 t (21) = 2.74; 

p = 0.012
4. Fireworks 0.866 t (23) = 2.36; 

p = 0.027
overall t (91) = 2.93; 

p = 0.004
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The examples in Fig. 5.8 and illustrate how the participants who received audi-
tory stimuli generally tended to imagine new stories based on their personal expe-
riences and to create products that embodied these stories.

In the “hair-dryer” condition, the auditory condition made the participant remind 
of her/his personal daily experience of drying hair, which she/he judged boring; 
thus, the proposed concept aims at giving the product user the same experience: 
the user has to climb up a ladder to eventually be able to sit on the chair after a big 
“boring” effort.

In the “fireworks” condition, the product concept developed in the auditory 
condition made the user experience, through the haptic sense, the same impres-
sions as the participant when listening to the sound of fireworks. Besides, a new 
way of interacting with a chair was proposed to the user.

5.3  Discussion

The experiments showed that with auditory stimuli, the participants tended to  create 
original experiences and new ways of interacting with the designed product; they also 
tended to address a wider range of senses and to create products that arouse deeper 
impressions and emotions among users. The analysis of the sketch annotations shows 
that the most original concepts were produced after a recall of personal experi-
ences and memories which were elicited in higher number in the auditory condition. 
Sounds have the potential to help designing products with unique affective proper-
ties because they may afford more freedom for sketching, unlike pictures, which 
might tend to prime designers toward irrelevant low-level image properties like shape 
or color. Our experimental results support the idea that auditory stimulation boosts 
designers’ creativity. Thus, we think it would be useful for designers to use sounds, 
not only images, as creative stimulation in the design workplace.

Fig. 5.8  Examples of sketches produced by participants (stimulus: “fireworks”). Left visual con-
dition/right auditory condition
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In our chapter, we proposed a research approach where both creativity and design-
ers’ experience are taken into account in the study of design protocols. Through an 
experimental approach reproducing usual creative process of designers, we could 
observe that designers’ creativity was enhanced by an auditory stimulation, as com-
pared to a visual one.

Overall, our study helped to get a better understanding of the role of  designers’ 
impressions in the design process and shows that it is necessary to stimulate 
designers’ own affect in order to enhance design creativity. These results lead to 
practical recommendations for design practice, like using a large variety of stimuli 
from various types, visual stimuli but also auditory stimuli.
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Abstract Conventional cellular phone companies adopted manufacturer-orientated 
philosophy in product design, where the cellular phones are designed purely based 
on the designers’ own perceptions. However, this philosophy is no longer effective 
as the current market of cellular phones is shifting towards more customer-orientated 
domain. It has evidenced by several recent studies that customers are emotionally 
connected to the products during decision making. Companies need to be able to dis-
cover these feelings and reflect these feelings back to product design process. Kansei 
Engineering (KE) is a concept that aimed to solve this type of emotionally associ-
ated issues by integrating true customers’ felling (Kansei) into the design of prod-
ucts. This chapter presented a Backward KE tool named FuzEmotion, which could 
be used to assess and confirm gender inclination of modern mobile phones. The goal 
of this tool was to assist cellular phone designers to create products that can truly 
reflect the needs and feelings from the end users. A new FuzEmotion system was 
constructed based on one hundred and twenty cellular phone samples selected from 
five major cellular phone manufactures (Nokia, Samsung, Sony Ericsson, Motorola 
and LG),which achieved an overall accuracy of 84.9 %. A database consisted of 
three hundred and thirty-one cellular phones was an essential part of the FuzEmotion 
system. The concept behind FuzEmotion and KE is relatively similar, which both 
aimed to assess end users’ feeling and try to integrate these feelings (Kansei) back 
to the products. Although these two systems are not directly connected to each other, 
this study has, in part, witnessed the feasibility of KE applications in product design.
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6.1  Introduction

Conventional product designs are mostly driven by the perspective of manufactures. 
Products are designed purely based on market research or designers’ own perceptions. 
Although advance in technology has enabled the time taken for these design processes 
to be significantly reduced and the final products are often expected to meet market 
demands. However, it is questionable that how many of the products may truly reflect 
the expectations from target customers. Furthermore, the functionality of the products 
is indeed one of the key parameters that influence customer perceptions during pur-
chasing. However, the trend of functionality focused product design process is believed 
to decline and gradually be replaced by customer focused approach. In the other word, 
products should be designed based on customers’ perceptions and their true feeling 
about the products. Kansei Engineering (KE) or aka Emotional Engineering system 

Fig. 6.1  Structure of hybrid Kansei engineering (Reproduced from [5])
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is the first system that was developed based on customer-orientated product design  
philosophy [1–4]. Since initially introduced by Professor Nagamachi in 1970s, KE 
system has been integrated into several commercial products and tremendous market  
successes have been achieved. The word Kansei is a Japanese term used to represent 
feelings or emotions and this element is expected to be the most influential parame-
ters in product design. Professor Nagamachi believed that it was feasible to integrate 
human emotions into product design processes and enable the product to truly reveal 
the needs of customers.

As proposed by Professor Nagamachi, the original framework of KE system 
could be further expended into a new system named Hybrid KE system, which is 
a decision support system (DSS) for both customers and designers. The Hybrid KE 
system consisted of two individual systems being Forward KE system and Backward 
KE systems. In the forward KE system, customer needs are input into KE system via 
Kansei words. These inputs are then processed and matched with the Kansei words 
stored in the database. Products that best-fitted customer’ requirements or Kansei 
words are then displayed to the customers, hence helping them to make meaningful 
decisions during purchasing. On the opposite side, Backwards KE system allowed 
the designers to assessing products that are already on the markets and translate 
product features back to Kansei words via KE systems. This concept is very simi-
lar to market research, where customers’ perceptions on a particular product are 
recorded and fed back to product design cycle for product improvements. It is also 
noticeable that both Forward and Backward KE systems adopt customer-orientated 
product design philosophy, which is believed to be the future trend of product design. 
A schematic diagram of Hybrid KE System is illustrated as Fig. 6.1.

Previously, cellular phones were used to examine the feasibility of KE applica-
tions via the development of FuzEmotion, which was a Backward KE tool that could 
be used on accessing and confirming the gender inclination of cellular phones [6]. 
There were two reasons for selecting cellular phones for the study of KE. Firstly, 
the market for cellular phone is relatively matured than the markets for rest of elec-
tronic products. Thanks to advance in technology, a new cellular phone is pushed 
into the market almost every month with new functionalities. There is no doubt that 
the functionality of cellular phones has always been the primary considerations 
when the customers deicide which phone to purchase. However, due to the nature of 
short shelf-life of cellular phones, it is questionable what factors are actually gain-
ing customers’ interests. Shorten product life cycle may be a good sign for cellular 
phone manufactures, but may not be true if this was looking from the customers’ per-
spective. Customers now have significantly reduced time for decision making during  
purchasing and functionality is definitely not the only consideration, hence making 
cellar phones the best product for examine the feasibility of KE Applications.

Secondly, young generations of cellular phone users are not only demanding 
functionalities, but also style of cellular phones. Unique features of cellular phone 
that can be used to represent both personality and social status of end users. It is 
common that most of the conventional cellular phone manufactures adopted the 
manufacturer- orientated product design philosophy. As the market is currently 
shifting from  manufacturer-orientated product design to customer-orientated product 
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design, cellular phone companies and manufacture need to consider what actually 
make a particular phone more appealing to a target group. Asking questions such as 
“What are the key features of cellular phones that may be emotionally connected to 
end users and response to the Kansei of customers?” This is relevant to the concept 
of Backward KE to a certain extent. Details about new FuzEmotion system and its 
development methodologies are discussed in depth in the following sections of report.

This project aimed to improve the overall accuracy of previously developed 
Fuzzy Logic based FuzEmotion, which is a backward KE tool that may be used 
on accessing and confirming the gender inclination of modern cellular phones. In 
addition to the first objective, the project also aimed to explore the feasibility of 
KE applications on product designs and during product design processes.

6.2  Mobile Phone Database

One of the key building blocks of KE system is product database, which usually 
consisted of Kansei effective features (attributes) and specifications. The customer 
perceptions of these features are believed to evoke customer desire on purchasing 
the products. The overall effectiveness and accuracy of KE applied system is sig-
nificantly depended on how well the database was constructed. In this project, a new 
database containing three hundred and thirty-one modern cellular phone samples 
was constructed to assist the development of FuzEmotion. Several improvements 

Fig. 6.2  New cellular phone attributes [6]
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have been made to the previous database and additional features have been added. 
For example, the overall sample size for the new database was increased from 229 
to 331 and the quantity of cellular phone features (attributes) were increased from 10 
to 38, namely dimensions, ratios, mass, top, bottom curvatures etc.

Features that formed the overall shape and appearance (external cover design) 
of the cellular phones were the only main concern here. For example, the overall 
shape of the cellular phone, top and bottom curvatures, main keypad arrangements 
and lastly the shape of function keys.

These features formed the fundamental structure of modern cellular phones, 
which would be firstly appeared to customers during initial contact, hence were 
considered to have the most significant influence on customer perceptions of 
the product. A schematic diagram of previous and new cellular phone attributes 
is illustrated as Fig. 6.2. Some of the features were extracted using Canny edge 
detection [7], which will be discussed in the next section.

Features such as keypad function key, top and bottom curvatures and body shape 
were extracted from existing cellular phone images published online. These images 
were further processed using Matlab inbuilt function named Canny edge detec-
tion, which was developed by Canny in [7]. Differ from conventional edge detec-
tion methods that may be fooled by noises, Canny edge detection aimed to optimize 
the overall quality of edges detection by using two thresholds (detection of both 
weak and strong edges). The output file will only contains the weak edges if these 
edges are connected to strong edges. This method enabled errors generated during 
detection to be significantly minimized and most likely to produce true weak edges. 
Since some of the cellular phone images used in this project was extracted from  
multiple online sources, the overall quality of these images may not be consistent. 
Canny edge detections offered the most effective and accuracy results among all 

Fig. 6.3  Cellular phone image processed using canny edge detection [7]
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other edge detection methods, hence were adopted to process all the cellular phone 
images in the database. A schematic diagram of cellular phone images processed 
using Canny edge detection is illustrated in Fig. 6.3.

Total of 120 gender inclined cellular phones were selected to develop 
FuzEmotion system, being 40 female phones, 50 gender neutral phones and 30 
male phones. Rating and reviews collected from online source were used to deter-
mine the relationship between selected cellular phones and targeted audiences 
(i.e. gender groups). As mentioned before, it was possible that these ratings and 
reviews are subjective, which made the classification difficult. However, it is 
reasonable to state that these reviews have fully or at least partially revealed the 
actual perceptions of the end users and driven by the thoughts of end users. These 
thoughts and feelings appeared to be emotionally connected to the cellular phones. 
Human perceptions are often subjective and tended to driven by a particular factor 
such as sense or experiences, thus an artificial intelligence system such as Fuzzy 
Logic that can mimic the function of human brains is strongly required for the 
establishment of scientific and systematic based research.

6.3  Selection of Fuzzy Logic Method

Fuzzy Logic has been selected to process cellular phone attributes and assign 
these attributes into different groups such as ratios, sizes and forms. Fuzzy logic 
was selected due to two main reasons. Firstly, since the classifications of cellular 
phone features were conducted based on customer reviews and ratings collected 
from online source, due to the nature of these reviews, there is no doubt that some 
of the classification may be subjective and it is difficult to examine the accuracy 
of these classifications. However, it is also true that human languages or Kansei 
words naturally contains different degree of vagueness and commonly harder to be 
defined quantitatively using mathematical model. Certain degree of freedom must 
be allowed in the system to process these qualitative data. Fuzzy logic is multi-
valued logic with degree of membership ranging from zero to one inclusively, 
where true and false are represented by one and zero respectively [8]. In the other 
word, qualitative data is no longer given an absolute answer of true or false, but 
an approximated answer that allows small portion of uncertainties with reasonable 
accuracy. The nature of Fuzzy Logic allowed this method to be the best solution to 
deal abstractive problems proposed in this chapter.

Secondly, noted that both Forward KE and Backward KE systems are used to 
assess human feeling and thoughts about a particular product. These processed 
feelings are turned into Kansei words and inputted into KE system for product 
design process improvement. In the other term, a portion of KE systems is trying 
to mimic the function of human brains or to “see” the product from the customers’ 
perspective. Fuzzy Logic was developed as part of artificial intelligence systems 
that aimed to perform similar functions, which is also relevant to the concept of 
KE system. Although it may argued that Fuzzy Logic and KE systems are totally 
independent from each other, it is believed that functions of Fuzzy Logic can 
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also be utilized to examine the feasibility of KE systems. Since FuzEmotion was  
developed based on Fuzzy Logic, FuzEmotion has inherited most of methodolo-
gies in Fuzzy Logic systems. The only difference is that FuzEmotion is a tool 
that was specifically developed to assess cellular phones and confirm the gender 
inclination on these cellular phones. The methodologies and approaches taken to 
develop FuzEmotion are discussed in depth in the following sections.

The development of FuzEmotion was based on five individual steps of Fuzzy 
Logic applications (As indicated as Fig. 6.4).Firstly, Fuzzy inputs (Cellular phone 
attributes) used to feed into FuzEmotion system must be pre-processed and the 
degree of belonging of these Fuzzy inputs is determined via membership func-
tions. Membership functions can also be referring to generalized characteristic 
functions that represent the degree of truth in a Fuzzy Logic system [8, 9]. It is 
common in Fuzzy Logic systems to represent these numerical membership func-
tions graphically for ease of understanding. Graphical membership functions are 
termed membership function plots (MFP), which has degree of membership on the 
y axis and normalized product feature values on x axis.

Membership functions plots can be represented based different shapes, the 
most common ones are trapezoidal, bell curve and triangular. Application of 
each shape is significantly depended on the type of data been processed. Since 
the overall accuracy of the final system is influenced by different type of MFP 
shape, selection must be done with care. The three typical MFP are illustrated in 
Fig. 6.5.

Note that each membership function plot is assigned with three subgroups  
(i.e. Small, Medium and Large). Each subgroup are represented graphically based 
on numerical membership functions (generalized characteristic functions). The 
three memberships functions used to define the shape of three subgroups in a 
membership function plot are listed as Eqs (6.1)–(6.3). English alphabets used in 
the membership functions are there to represent normalized feature values.

Fig. 6.4  Five steps of fuzzy logic applications [8]

Fig. 6.5  Three typical membership function plots [8, 9]
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Secondly, applying Fuzzy Logic operators and Fuzzy rules to the MFP estab-
lished in the previous stage. Typically, Fuzzy rules are in the form of IF–THEN 
rules, which should be structured as “if the antecedent is true, then the consequent 
must be true”. The total number of Fuzzy rules required to construct the final 
system is depended on the number of antecedents established and the subgroups 
assigned for each antecedent. For example, if two antecedents were established 
to represent two major features of “Ratio” and “Size”, and each of the features 
was assigned into three subgroups such as Low, Medium and High for “Ratio” 
and Small, Medium and Large for “Size”. This has enabled the formation of nine 
Fuzzy Rules in total for constructing the final FuzEmotion system. In the case of 
more than one antecedent in the system, Fuzzy Logic Operators are applied to 
determine the combined firing strength of each rule established.

Thirdly, it is common that multiple Fuzzy rules may be fired at the same time 
and determination of the output for each set of fuzzy rules and MFP are achieved 
by applying the implication methods. This method is also defined as the shaping 
(generation) of consequent from the antecedents. As suggested by Zadeh [8], several 
different logic operators such as AND (∩) and OR (∪) can be used to apply implica-
tions method. For the purpose of this study, AND (∩) was determined to best suit the 
scenario encountered and used in all Fuzzy Rules defined.

Aggregation is fourth step where all the output MFP generated using  
different Fuzzy Rules are combined to form final membership function plot, where 
the maximum of the individual output MFP are summarized into single final MFP 
(Indicated as Fig. 6.6).

Finally, the final membership function plot generated using aggregation method 
must be defuzzified into numerical values. It is common in Fuzzy Logic system 
that different methods such a centre of gravity and centre of maxima are used to 
defuzzify the final MFP. For simplicity, the method of centre of gravity or aka the 
centroid method is used for this type of applications, where the centre of the area 
under the graph is calculated and translated into single crisp value. This crisp value 
will indicate the location of final consequent (i.e. the phone being “Male”, “Gender 

(6.1)µ (X1) =






0 (x > B)
B−x
B−A

(A ≤ x ≤ B)

1 (x < A)

(6.2)µ (X2) =






0 (x < C) || (x ≤> F)
x−C
D−C

(C ≤ x < D)
F−x
F−E

(E ≤ x < F)

1 (D < x < E)

(6.3)µ (X3) =






1 (x < g)
H−x
H−G

(G ≤ x ≤ H)

0 (x > H)
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Neutral” or “Female”). It is also not uncommon for the final crisp value to lie 
under multiple curves. In this case, the objective being studied may be considered 
to belong to (intended for) more than one target groups. A schematic diagram to 
summarize the structure of Fuzzy Logic System is illustrated in Fig. 6.6.

As indicated by Fig. 6.6, normalized feature values are acting as the input to the 
Fuzzy Logic system and fuzzified via the construction of membership function plot. 
Each fuzzified MFP is regarded as the antecedent of the system and multiple ante-
cedents are fired through the applications of logic operators, Fuzzy rules and implica-
tion method. Once the output of each MFP and Fuzzy rule is generated, aggregation 
method then combined all the outputs based on the principle of maximum and turned 
these outputs into single final MFP. The final MFP is then defuzzified via application 
of centroid method. This is how qualitative data can be translated into final quantita-
tive crisp value, hence indicated the belongings of the object being studied.

6.4  FuzEmotion

As mentioned earlier in the report, a tool named FuzEmotion was developed to 
examine the feasibility of KE applications via the studies of modern cellular phone 
features. This section will discuss how the FuzEmotion system was constructed 
and how these cellular phone features are accessed using such system to confirm 
the gender inclinations of cellular phones.

Fig. 6.6  Structure of fuzzy logic system [8]



82 H.-H. Hsiao et al.

6.4.1  Fuzzy Inputs and Data Processing

Cellular phone data from the database must be pre-processed and turned into fuzzy 
inputs. Previously, four classes of features being dimension, Ratio A, Ratio B and 
Mass were pre-processed based on ten sub-attributes (Table 6.1). These sub-attrib-
utes were normalized (expect mass) before turning into four different attributes. 
The overall quantity of these classes and sub-attributes may leads to complication 
when assessed using FuzEmotion, hence it is desirable to consolidate these classes 
and sub-attributes and turned them into super-classes. In this case, both “Size” and 
“Ratio” super-classes were defined to consolidate these classes. This was achieved 
through the application of weighting factors (Table 6.2), and these weighting fac-
tors were determined by using artificial Neutral Network tool within Matlab. The 
topic on Neutral Network is beyond the scope of this chapter, which will not be 
discussed here.

Consolidation of these ten attributes were achieved and defined by equations 
Eqs. (6.4)–(6.5). Weighing factors indicate the influence (importance) of each sub-
attribute on the two super classes of “Size” and “Ratio”. The new governing equa-
tions with weighting factors applied are shown as Eqs. (6.6)–(6.7), which were 
used to fuzzify individual attribute into Fuzzy inputs.

Similarly, the newly added sub-attributes (Table 6.2) were also pre-processed 
before fuzzified via membership functions. The external cover design of cellu-
lar phones were turned into five different classes of top, bottom, keypads, func-
tion key and lastly body shapes. Each class of attribute is associated with five 

(6.4)Size = l × L + w × W + t × T + m × M

(6.5)Ratio = α × Ra + β × Rb + γ × Rc + δ × Rd + ε × Re + ζ × R f

(6.6)Size = 0. 1L + 0. 2W + 0. 7T + 0. 5M

(6.7)Ratio = 0. 2Ra + 0. 4Rb + 0. 4Rc + 0. 4Rd + 0. 3Re + 0. 3R f

Table 6.1  Four classes of sub-attributes (Hsiao et al. 2009)

Classes Sub-attributes Weighting factors

Dimension Length (L) l = 0.1
Width (W) w = 0.2
Thickness (T) t = 0.7

Ratio A Ra = W/L α = 0.2
Rb = T/W β = 0.4
Rc = T/L γ = 0.4

Ratio B Rd = L/W δ = 0.4
Re = W/T ε = 0.3
Rf = L/T ζ = 0.3

Mass M m = 0.5
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of six different sub-attributes (Top1, Top2 etc.). As shown in the table, different 
weighting factors were assigned for each sub-attribute and may not be the same 
for different gender groups. This was due to the facts that even the same sub-
attributes may have different influence on the classes for different gender groups. 
For example, sub-attribute Top1 is more important for the female “Top” class (w.f. 
of 3.1) than for the male “Top” class (w.f. of 2.3). These weighting factors were 
calculated based on degree of appearance or fluctuations of sub-attributes. For 
example, as a particular sub-attribute is adopted much more than rest of the sub-
attributes for designing new cellular phone (i.e. female phone), it is reasonable to 
state that such sub-attribute has more influence on the feature design of that par-
ticular cellular phone and make the design more attractive to female. Note that the 
weighting factors were multiplied by a factor of 10 to allow the new MFP to have 
similar scale as the other two MFPs (Size and Ratio). So the new MFP would not 
contract as much relative to the other two MFPs.

Table 6.2  Five new classes and 28 new attributes

Class Sub-attributes
Weighting 
(Female)

Weighting  
(Gender neutral)

Weighting  
(Male)

Top Top1 TF1 = 3.1 TG1 = 2.2 TM1 = 2.3
Top2 TF2 = 0.5 TG2 = 0.4 TM2 = 0.6
Top3 TF3 = 0.5 TG3 = 0.2 TM3 = 1.3
Top4 TF4 = 3.6 TG4 = 4.4 TM4 = 2.6
Top5 TF5 = 1.8 TG5 = 2.4 TM5 = 3.2
Top6 TF6 = 0.5 TG6 = 0.4 TM6 = 0.0

Bottom Bottom1 BF1 = 2.3 BG1 = 1.8 BM1 = 2.6
Bottom2 BF2 = 0.8 BG2 = 0.4 BM2 = 0.6
Bottom3 BF3 = 0.5 BG3 = 0.6 BM3 = 1.0
Bottom4 BF4 = 3.8 BG4 = 3.8 BM4 = 2.9
Bottom5 BF5 = 1.3 BG5 = 2.0 BM5 = 2.9
Bottom6 BF6 = 1.3 BG6 = 1.4 BM6 = 0.0

Keypad Keypad1 KF1 = 3.3 KG1 = 4.6 KM1 = 3.2
Keypad2 KF2 = 2.1 KG2 = 3.2 KM2 = 4.6
Keypad3 KF3 = 2.0 KG3 = 1.6 KM3 = 1.9
Kaypad4 KF4 = 1.8 KG4 = 0.6 KM4 = 0.3
Kaypad5 KF5 = 0.8 KG5 = 0.0 KM5 = 0.0

Function Key FuncKey1 FF1 = 2.1 FG1 = 2.2 FM1 = 3.5
FuncKey2 FF2 = 1.8 FG2 = 2.8 FM2 = 1.9
FuncKey3 FF3 = 3.8 FG3 = 2.6 FM3 = 2.4
FuncKey4 FF4 = 2.0 FG4 = 0.6 FM4 = 1.3
FuncKey5 FF5 = 0.3 FG5 = 1.8 FM5 = 0.6
FuncKey6 FF6 = 0.0 FG6 = 0.0 FM6 = 0.3

Body Shape Shape1 SF1 = 2.6 SG1 = 3.2 SM1 = 3.2
Shape2 SF2 = 4.4 SG2 = 5.2 SM2 = 4.9
Shape3 SF3 = 2.3 SG3 = 0.0 SM3 = 0.0
Shape4 SF4 = 0.3 SG4 = 0.0 SM4 = 0.0
Shape5 SF5 = 0.4 SG5 = 1.6 SM5 = 1.9
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Due to complexity of these classes and sub-attributes, consolidation was con-
ducted once again to unify these classes into single super-class. The new-super 
class was given name as “Form”, which defines the external cover design of cellu-
lar phones. The new super-class of form and its sub-classes are listed in Table 6.3.

As shown in Table 6.3 that new weighting factors were applied again on each 
sub-classes of “Form”. These weighting factors were also calculated based on 
the degree of appearance or fluctuations of each sub-class. This was looking at 
the overall influence of individual class (Top, Bottom etc.) on the super-class of 

Table 6.3  Super class “Form” and sub-classes of “Form”

Super-class Sub-classes Weighing factors

Form Top T = 0.19
Bottom B = 0.17
Keypad K = 0.23
Function Key FK = 0.23
Body Shape BS = 0.18

Fig. 6.7  Overall structure of “Form”
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“Form”. The overall structure of this process can be summarized by Fig. 6.7 with 
relative weighing factors underneath each sub-attributes and classes, where the 
weighting factors are in the order of female, gender neutral and male.

Note that there are some zero weighting factors such as the weighing factors for 
Keyad5 and Funckey6, meaning that these sub-attributes were not adopted at all 
for a particular class and should not have influence on the form design regardless 
of any gender groups. The new super-class of “Form” is now defined by Eqs. (6.8) 
and (6.9).

All the three sets of Fuzzy inputs were then fuzzified via membership  functions 
and represented graphically with MFPs. These MFPs would then act as the ante-
cedents in the FuzEmotion system and combined by Logic Operators, Fuzzy Rules 
and implication method. The formation of individual MFP is discussed in the 
 following sections.

6.4.2  Membership Functions

In this project, three different sets of antecedents were defined based the study 
of cellular phone feature data and these antecedents were acted as the input of 
FuzEmotion system. Each set of antecedents are assigned with three sub-categories, 
where each of the sub-categories of data was fuzzified by one membership func-
tion. For “Size” feature, the sub-categories were assigned as “Small”, “Medium” 
and “Large”. Similarly for “Ratio” feature, “Low”, “Medium” and “High”  
sub—categories were assigned. Lastly for “Form” feature, the sub-categories 
were assigned as “Form 1”, “Form 2” and “Form 3”. Each of these sub-categories 
was associated with a membership function, which used to transform these sub-
categories into MFP. The membership functions for each sub-category are listed as 
Eqs. (6.10)–(6.18).

(6.8)
Form = T × T op + B × Bottom + K × K ek Pad + F K × FunctionK ey + BS × BodyShape

(6.9)
Form = 0. 18T op + 0. 17Bottom + 0. 23K ek Pad + 0. 23FunctionK ey + 0. 18BodyShape

(6.10)(S1) =






0 (x > 5. 33)
5.33−x

0.79
(4. 54 ≤ x ≤ 5. 33)

1 (x < 4. 54)

(6.11)µ (S2) =






0 (x < 4. 24) or (x > 5. 71)
x−4.24

0.57
(4. 24 ≤ x < 4. 81)

5.71−x
0.90

(4. 81 ≤ x < 5. 71)

1 (x = 4. 18)
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The key parameters for each antecedents generated are presented in Table 6.4 
and the respective membership function plot are illustrated as Figs. 6.8, 6.9 and 
6.10. These MFP are used as the input of FuzEmotion systems.

MFP are used to represent fuzzified cellular phone data via membership func-
tion, which presented as a specific area in the MFP. Please note the values on the 
y axis of the MFP. As mentioned earlier, the value ranged from zero to one (inclu-
sively) on the y axis is used to indicate the degree of membership (aka degree of 
belongings) of fuzzified data. Taking “Size” MFP as an example, a fuzzified size 

(6.12)µ (S3) =






0 (x < 4. 94)
5.44−x

0.50
(4. 94 ≤ x ≤ 5. 44)

1 (x > 5. 44)

(6.13)µ (R1) =






0 (x > 6. 19)
6.19−x
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(6. 05 ≤ x ≤ 6. 19)

1 (x < 6. 05)

(6.14)µ (R2) =






0 (x < 6. 00) or (x > 6. 30)
x−6.02
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(6. 02 ≤ x < 6. 13)

6.30−x
0.17

(6. 13 ≤ x < 6. 30)

1 (x = 6. 13)

(6.15)µ (R3) =
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6.21−x
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(6. 05 ≤ x ≤ 6. 21)

1 (x > 6. 21)

(6.16)(F1) =






0 (x > 34. 8)
34.8−x

8.5
(26. 3 ≤ x ≤ 34. 8)
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(6.17)µ (F2) =
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1 (x = 28. 5)

(6.18)µ (F3) =






0 (x < 20. 8)
31−x
10.2

(20. 8 ≤ x ≤ 31)

1 (x > 31)
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feature value of 5.3 or less are stated to be fully belonged to the sub-category of 
“Small” with a degree of membership of 1, hence 100 % degree of belonging.

Table 6.4  Membership function parameters

Fuzzy set A B C D E F G H

Size 4.54 5.33 4.24 4.81 4.81 5.71 4.98 5.44
Ratio 6.05 6.19 6.02 6.13 6.13 6.30 6.05 6.21
Form 26.3 34.8 20.1 28.5 28.5 35.9 20.8 31

Fig. 6.8  Membership function plot for “Size” (Hsiao et al. 2009)

Fig. 6.9  Membership function plot for “Ratio” (Hsiao et al. 2009)

Fig. 6.10  Membership function plot for “Form”
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6.4.3  Fuzzy Rules and Logic Operators

Development of Fuzzy Rules is one of the key steps in the construction of 
FuzEmotion. The number of Fuzzy Rules required is related to the total number of 
antecedents and the sub-attributes used in the system. In this case, three antecedents 
were established being “Size”, “Ratio” and “Form”. Each of the antecedents was 
assigned with three sub-categories such as “Form1”, “Form2” and “Form3”. These 
nine sub-categories have generated total of 27 Fuzzy rules, which are listed as follows:

R1 If size is large, ratio is high and appearance is Form I, it’s more attractive to 
Female

R2 If size is large, ratio is medium and appearance is Form I, it’s more gender 
Neutral

R3 If size is large, ratio is low and appearance is Form I, it’s more attractive to 
Female

R4 If size is medium, ratio is high and appearance is Form I, it’s more attractive 
to Female

R5 If size is medium, ratio is medium and appearance is Form I, it’s more 
Gender Neutral

R6 If size is medium, ratio is low and appearance is Form I, it’s more attractive 
to Female

R7 If size is small, ratio is high and appearance is Form I, it’s more attractive to 
Female

R8 If size is small, ratio is medium, and appearance is Form I, it’s more Gender 
Neutral

R9 If size is small, ratio is low, and appearance is Form I, it’s more attractive to 
Female

R10 If size is large, ratio is high and appearance is Form II, it’s more attractive to 
Male

R11 If size is large, ratio is medium and appearance is Form II, it’s more attrac-
tive to Male

R12 If size is large, ratio is low and appearance is Form II, it’s more Gender 
Neutral

R13 If size is medium, ratio is high and appearance is Form II, it’s more attrac-
tive to Male

R14 If size is medium, ratio is medium and appearance is Form II, it’s more 
attractive to Male

R15 If size is medium, ratio is low and appearance is Form II, it’s more Gender 
Neutral

R16 If size is small, ratio is high and appearance is Form II, it’s more attractive to 
Male

R17 If size is small, ratio is medium and appearance is Form II, it’s more attrac-
tive to Male

R18 If size is small, ratio is low and appearance is Form II, it’s more Gender 
Neutral
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R19 If size is large, ratio is high and appearance is Form III, it’s more Gender 
Neutral

R20 If size is large, ratio is medium and appearance is Form III, it’s more Gender 
Neutral

R21 If size is large, ratio is low and appearance is Form III, it’s more Gender 
Neutral

R22 If size is medium, ratio is high and appearance is Form III, it’s more Gender 
Neutral

R23 If size is medium, ratio is medium and appearance is Form III, it’s more 
Gender Neutral

R24 If size is medium, ratio is low and appearance is Form III, it’s more Gender 
Neutral

R25 If size is small, ratio is high and appearance is Form III, it’s more Gender 
Neutral

R26 If size is small, ratio is medium and appearance is Form III, it’s more 
Gender Neutral

R27 If size is small, ratio is low and appearance is Form III, it’s more Gender 
Neutral

These Fuzzy Rules are determined based on the studies of cellular phone data 
and the antecedents generated previously. As stated by Zadeh [8], Logic operators 
[In this case AND (∩)] are used to activate Fuzzy Rules.

US , UR and UF are used to represent the resulting degree of membership from 
the antecedents of “Size”, “Ratio” and “Form” respectively.

6.4.4  Implication Method

Implication method was applied to determine the final output from each set of 
MFP. It is a process involving application of Logic Operator and determining the 
minimum of result from each antecedent fired. Since there are total of 27 sets of 
MFPs and Fuzzy Rules, 27 sets of output will be generated due to the firing of 
these MFPs. It is difficult to present all 27 sets MFPs here due to space limita-
tion, but a simple illustration of single implication method is presented in Fig. 6.11 
(Based on Rule 13).

Note that the resulting degree of membership is 0.52 for “Size”, 0.6 for “Ratio” 
and lastly 0.65 for “Form”. Since AND (∩) logic operator is applied alongside of 
implication method, the minimum of the three resulting degree of membership is 
taken as the output for this particular set of MFPs (Fuzzy Rule 13). It is confident 
to state that for this particular set of MFPs, the cellular phone being study has been 
classified into Male group with 52 % degree of membership. This can be repre-
sented by Eq. (6.20):

(6.19)AND : US∩R = USΛURΛUF = min (US , UR , UF )

(6.20)US∩R = USΛURΛUF = 0. 52Λ0. 6Λ0. 65 = 0. 52
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The final shape of gender MFP was initially approximated. Since all the 
antecedents MFPs (Ratio, Size and Form) were established based three 
membership functions and taken the shape of trapezoidal, it is reasonable to 
assume the final membership function plot must have adopted similar kind of 
shape.

6.4.5  Aggregation and Defuzzifications

Aggregation was a process used to unify all the outputs from each set of MFPs 
into single final MFP or aka final membership function plot. The OR (∪) logic 
operator was used to determine the maximum of the outputs. Since all the Fuzzy 
rules are fired in parallel, it likely to have similar output from each set of MFPs 
but with different degree of membership. Note that both AND (∩) and OR (∪) are 
used in the whole construction process of FuzEmotion, which were the key ele-
ments in FuzEmotion system.

Defuzzification is the last step in the construction of FuzEmotion, where 
the final MFP was defuzzified into single crisp value. This value can be used 
by cellular phone designer to assess the gender inclination of mobile phones. 
As mentioned earlier, several methods could be adopted to defuzzify the final 
MFPs such as centre of mass or centre of maxima. For simplicity, centre of 
mass is applied to deal the problem presented in this project. Centre of mass 
method worked upon determining the centroid of the area under the curves. All 
120 cellular phone have been defuzzified into final crisp values. The overall 
accuracy of previous FuzEmotion system and the current FuzEmotion system 
are presented in Table 6.5.

Fig. 6.11  Implication method conducted based on rule 13
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6.5  Recap and Evaluation

The process taken to improve the overall accuracy of FuzEmotion system is an 
iterative process, where the reviews and rating from end users, cellular phone data 
from the manufacturers and particularly the weighting factors of each sub-attributes 
are used to “tuning” the overall system. It could be expected that upon “tuning”, 
the accuracy of FuzEmotion system could be improved. However, due to the nature 
of Fuzzy Logic based system, certain degree of uncertainties was allowed in the  
system, and hence achieving 100 % of system accuracy was not feasible. 
However, it is also reasonable to state that with 84.9 % of overall system accu-
racy, FuzEmotion system is still a very effective tool on assessing and confirming 
the gender inclination of cellular phones. The solution of FuzEmotion system is a 
final membership function plot that is integrated with 27 different sets of MFPs and 
Fuzzy Rules. The final MFPs for the previous and current FuzEmotion system are 
presented as Fig. 6.12.

As indicated by Fig. 6.12, the final MFP for the current system is shifted 
towards male side and the previous MFP was shifted towards female side. This 
change may be due to two reasons. Firstly, there are more gender neutral phones in 
the selected database (i.e. 50), which enabled to overall result to shift more towards 
the male side. Secondly, it was possible that the most current cellular phone design 
may be intended for gender neutral groups, hence allowing these phones to gain 
benefits and attentions from all the three gender groups. Note that these values on 
the x axis are there only for the ease of calculating the centroid of the result.

Table 6.5  Overall accuracy of FuzEmotion system

Outcome Accuracy(Old) (%) Accuracy(New) (%)

Female phone correctly identi-
fied as female

74.0 87

Female phone mistakenly iden-
tified as male

13.3 6

Female phone mistakenly iden-
tified as gender-neutral

12.7 7

Gender-neutral phone correctly 
identified as gender-neutral

80.0 92

Gender-neutral phone mistak-
enly identified as male

2.0 2

Gender-neutral phone mistak-
enly identified as female

18.0 6

Male phone correctly identified 
as male

73.0 75.6

Male phone mistakenly identi-
fied as gender-neutral

19.0 20

Male phone mistakenly identi-
fied as female

8.0 4.4

Overall accuracy 76.0 84.9
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6.6  Conclusion

Conventional cellular phone manufactures are more focused on the functionality 
issues of the phones. There is no doubt that functionality of the products has always 
being one of the important considerations when the end users decide what product to 
purchase. However, as technologies has pushed the design of cellular phones to the 
limit with relatively minimised development time. The philosophy of manufacturer-
orientated design is no longer effective in the current market of cellular phones. End 
users are not only satisfied by the functionality of cellular phones, but unique factors 
such as the appearance of the phone, the style of the phone and lastly good feeling or 
Kansei about the phone. Cellular phone manufacturers and companies need to look at 
this issue from a totally different perspective. Questions such as “What are the actual 
factors that gain the attentions of end users?”, “How these products are emotionally 
connected to the customers?” and lastly “what influences these emotions?” must be 
answered. KE is a concept that aimed to solve this type of abstractive emotionally 
associated issues by assessing customers’ true perceptions and integrate these assessed 
data into product design process, hence achieving market success. The needs from 
customers are satisfied both emotionally and functionally by KE integrated products.

This project focused on the study of cellular phone features and how these features 
are emotionally connected to end users. This was achieved through the development 
of FuzEmotion system, which is Backward KE tool that could be used to assess and 
confirm the gender inclination of mobiles with an overall accuracy of 84.9 %. In the 
word, FuzEmotion system will be able to tell the users which gender group (female, 
gender neutral or male) a particular cellular phone belongs to. The whole FuzEmotion 
system consisted of 27 sets of antecedent MFPs, 27 Fuzzy rules and 1 final mem-
bership function plot. The system was constructed based on 120 specifically selected 
phones from a database containing total of 331 phone samples. These samples were 
extracted from officially released source published on the World Wide Web. These 
cellular phones were designed and manufactured by the top five cellular phone com-
panies being Nokia, Samsung, Sony Ericsson, Motorola and lastly LG, which well 
represented the current cellular phone market.

Throughout the development of FuzEmotion, several key factors were discov-
ered. For example, the weighting factors used to generate MFPs had significant 

Fig. 6.12  Final membership function plot for previous (Left) and current (Right) FuzEmotion 
System (Hsiao et al. 2009)
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influences on the overall accuracy and Kansei aspects of the system. Note that the 
current system tended to shift towards male side. This phenomenon may due to two 
major reasons. Firstly, the system might has witnessed the trend of current cellular 
phone design as recently released phones are intended for male or gender neutral 
customers. Secondly, it was also likely that such change was affected by the quantity 
of gender neutral phones in the database. Regardless of the difference, FuzEmotion 
has prove its capability to assess and confirm gender inclination of cellular phone 
and may acted as a design supporting tool for cellular phone designers.

This project has achieved, in part, the two objectives proposed in the earlier sec-
tions. The overall accuracy of previous FuzEmotion system has improved from 76 
to 84.9 % by adding additional attributes and features into the system. Although 
FuzEmotion was not directly related to KE, the concepts behind both systems are 
relatively similar, which both aimed to study the feeling of customers. It is reason-
able to state that the application KE in product design process should be a feasi-
ble approach based on the study of FuzEmotion conducted. Although KE has been 
existed for almost 40 years, there is no doubt that significant amount of studies are 
still required until the function of KE system is fully utilized.
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Abstract Kansei engineering, also known as Kansei ergonomics or emotional 
engineering, aims at analyzing and incorporating customer’s feeling and demands 
into product function and product design. The chapter described a system called 
ProEmotion for the purpose of assessing the Kansei aspects of a product by con-
sidering design attributes of a product. Neural Network is used to process Kansei 
words. The system has been successfully implemented to ascertain gender inclina-
tion of a mobile phone. Principal parameters of a mobile are considered, that is, 
length, width, thickness and mass. The system can inform gender inclination of a 
mobile phone with accuracy up to 90 %. This is based on a set of 92 mobile phone 
samples from the five major mobile phone manufacturers.

7.1  Introduction

The trend of product development has become more and more consumer-oriented. 
As well as consumer’s requirement for the needed functionality, consumer’s feel-
ing toward a product has also become an important factor in their choice of the 
product. Kansei engineering, also known as Kansei ergonomics or emotional 
engineering, aims at effectively analyzing and incorporating customer’s feeling 
and inclination into product function and product design. Kansei engineering was 
founded in Japan in the late 1970s [1–3].

When a customer sets off to purchase a product, for instance a mobile phone, 
he/she often gets emotionally connected with the phone before he/she is com-
mitted to purchasing [4–6, 7]. An example of emotional connectedness would be 
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“graceful and looks cute, but not so expensive.” This feeling is called “Kansei” in 
Japanese. In other words, Kansei means the customer’s psychological feeling as 
well as embracing physiological issues [8]. Kansei words are the expressions of 
the attributes of Kansei aspects.

A Kansei engineering system is often made up of a computer-assisted system 
of Kansei engineering, an expert system and databases [9–18]. Kansei words are 
input into the system and recognized in reference to the Kansei word in the data-
bases. The words are matched to the image database and calculated by an infer-
ence engine to find the best-fit design, which may be shown for example on the 
display of a computer. This system is useful for the customer to select a product 
most fitted to his/her Kansei. It is also very useful to assist a designer to better 
understand the new product being developed [8]. Such a system supports a flow 
from Kansei to the design domain and hence is called forward Kansei engineering 
(forward KE).

A Kansei engineering system may also perform Kansei assessment or evalua-
tion over an existing product or idea in order to recognize Kansei word/features. 
These Kansei findings can then be used for product improvement or new product 
development. This is called backward Kansei engineering (backward KE). Often, a 
Kansei system is based on both forward and backward KE, hence the name hybrid 
Kansei engineering (hybrid KE) system (Fig. 7.1). Today, applications of Kansei 
engineering have been found in a number of industries such as automotive, con-
struction, machine tools, electric home, costume, cosmetics [8, 19–28].

Many modern electronic products such as mobile phones have reached their 
functionality peak for most of the mobile phone users. Consumers are slowly 
shifting their focus from functionality to fashion. Young people in particular 
want their phones to be unique, representative of personality and symbol of fash-
ion. Consequently, modern day consumers are a lot harder to be satisfied when it 
comes to personalized electronic goods. One major effect on mobile phone manu-
facturers is the demand for an increased pace of new product introduction because 
the mobile phone’s shelf-life has been greatly shortened. A wide range of new 
mobile phones are being designed and pushed into the market to meet a population 
of diverse customers.

However, there are few quantitative methods the companies can use to ascertain 
whether their new models appeal to the targeted consumer. Reviews have indicated 
that there are mobile phones in the market that were intended toward a specific 
group of consumer but in fact failed to meet the consumer’s expectations [29, 30].

Fig. 7.1  Hybrid Kansei 
engineering system



977 ProEmotion: A Tool to Tell Mobile Phone’s Gender

It is evident that modern mobile phone manufacturers are in a matured market 
in terms of availability, technical functionality and cost, but there is a need to pay 
greater attention to the Kansei (emotional or affective) aspects of their products. 
In other words, the companies need to ask questions such as, (a) “what makes a 
phone more appealing to a male as against a female?” and “(b) what are the design 
attributes of a mobile phone that contribute to its Kansei?” This is effectively a 
backward Kansei engineering exercise (Fig. 7.1).

This chapter presents a Neural Network method for appraisal of mobile phone’s 
gender inclination in terms of male, female and general public (i.e., gender-neutral). 
The product attributes considered are only the principal ones, namely length, width, 
thickness and weight of a phone. Choice of these attributes is discussed in the  
following section.

7.2  Mobile Phone Database

A database was first constructed containing detailed information about mobile 
phones that were on the market in 2009. A total number of 229 modern mobile 
phones from some of the major brands (i.e., Nokia, Samsung, LG, Motorola 
and Sony Ericsson) have been collated. The information sourced is that of the 
officially released product specifications (http://www.sogi.com.tw), including 
dimensions, mass, keypad ratio, screen ratio, color, price, type (flat, slide, fold or 
touch) and most importantly targeted customers (male, female or gender-neutral). 
Figure 7.2 shows the exact dimensions extracted from a phone.

Fig. 7.2  Example of mobile 
phone attributes

http://www.sogi.com.tw
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Based on the discussions earlier, only principal attributes, that is, dimensions 
and mass, are considered in this research. The relative ratios of keypad and screen 
size to phone length are two attributes that are commonly believed to have a strong 
bearing on Kansei aspects of a phone. It has, however, been discovered that the 
majority of 229 mobile phones have very similar keypad/phone-length ratio (0.5) 
and screen/phone-length ratio (0.3), respectively. This is true across the board of 
different brands and customer groups. Both functionality and price information are 
not considered as they have little bearing on a phone’s Kansei.

7.3  Selection of Neural Network Method

The nature of the research requires classification of any given mobile phone data 
into the gender it reflects and is intended for. Neural Network is chosen as a solu-
tion toward modeling the problem. The mobile phone database provides ample 
input data, which is supposedly to be “mapped” to a specific output, that is, gender 
classification. The key is then to figure out the (explicit) numerical transformation 
functions in-between, which in many cases may or may not exist. Due to the abil-
ity to learn from data like a human brain, one of the advantages of Neural Network 
is its ability to work with raw data alone without requiring deeper and thorough 
understanding of the process in the process of obtaining the required result. Other 
advantages include being robust toward noisy data and its broad application in 
many abstract classification problems.

In essence, Neural Networks are trained to solve problems based on generat-
ing functions to correlate between input data and desired output. The numerical 
operations behind Neural Network are essentially mathematical models defining 
a function, f(x) = y. Given a particular input x, Neural Network generates func-
tions to achieve the output y. Function f(x) could be defined as a composition of 
other functions gi(x), which could once again be embedded into other functions 
hi(x). The relationships between these functions could be visualized as a network 
structure (Fig. 7.3) as the name suggests, with arrows depicting the dependencies 
between variables.

Fig. 7.3  Heuristic 
representation of network 
functions
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7.4  ProEmotion

To ease the implementation task, many software solutions such as Matlab’s Neural 
Network toolbox have been developed. ProEmotion is a software tool based on the 
Matlab Neural Network toolbox. This software considers the database of mobile 
phones and their targeted gender market to give opinions on mobile phones. 
These opinions are expressed as percentage attractiveness toward the Male and/or 

Fig. 7.4  ProEmotion setup and training process
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Female audience. ProEmotion can also produce and plot the accuracy of functions, 
give importance of each parameter, display similar phones to a given phone and 
save results to a file.

The Comma-Separated Values (CSV) type file format is used as input. 
Therefore, feature data were listed on a spreadsheet-like format with no labeling 
for rows and columns. Target audience for each phone is imported into Neural 
Network as a separate CSV file with corresponding arbitrary values for “Male” 
and “Female” audience. Any value or vector representing Male and Female 
could be artificially defined, thus for the sake of simplicity, they were defined as 
Male = [1.0] and Female = [0.1].

Figure 7.4 shows the ProEmotion setup and the training process that takes 
place. First, the appropriate functions are defined. Matlab has three unique Neural 
Network toolboxes which can be used in different situations. First of all, the func-
tion-fitting tool is used to predict a certain functional trend. Secondly, the Pattern 
Recognition tool helps classify specific data. Finally, the Clustering Data tool is 
used to group data by similarity.

For the purpose of this research, the Pattern Recognition and Clustering Data 
tool was utilized to achieve the final result. After the right functions are selected, 
Neural Network requires an input and target output for the system to train upon. 
This input for this research was a database of existing cellular phones in the mar-
ket. Meanwhile, the target output was to identify which samples within the data-
base were their respective genders according to market research.

After the appropriate data are imported, the training parameters need to be setup. 
The user may assign a set of samples to be trained, validated and tested. Training sam-
ples are used as means to generate functions for Neural Network’s learning process. 
Validation samples are used to also generate functions and check against the Training 
functions. Testing samples are used to test whether the function network is accurate by 
comparing its results with the target output. The user also needs to assign the number 
of neurons for training, which acts similarly to brain cells. However, it is worth noting 
that more brain cells do not necessarily mean better results. For optimal results, the 
number of neurons should be adjusted according to the number of sample inputs.

Once the training is completed, the user is able to read the output data and 
graphs, and determine whether the system is satisfactory or not. Typically, accuracy 
of 75 % or above is considered acceptable. If the system is unsatisfactory, there are 
several ways to adjust the system. The user may choose to retrain the network, hop-
ing for a different accuracy turnout, though this may not be effective if the accuracy 
was very poor in the first place. The user may choose to adjust the training param-
eters (i.e., percentage of samples assigned for Training, Validation and Testing). The 
distribution of samples for Training, Validation and Testing can affect the results.

In almost all cases, above 50 % of the samples should be given for Training, 
while the rest evenly distributed for Validation and Testing. The user should take 
caution as to whether or not each parameter is being overloaded with samples 
or insufficient. The only way of determining this is to adjust the parameters and 
observe the accuracy. The user may increase the sample size, but the new samples 
must be closely related to the original ones.
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7.5  Application of ProEmotion on Mobile Phones

As the purpose of Neural Network is to differentiate between Male and Female 
phones, during the training stage, it was necessary to remove certain cellular 
phone samples from the database which possessed similar attractiveness to both 
Male and Female. These particular samples, defined as “gender-neutral” phones, 
tend to confuse the system and prevent it from training accurately. Consequently, 
the final feature database consists of 92 samples. Ten features are used. They are 
length, width, thickness, width over length, thickness over width, thickness over 
length, length over width, width over thickness, length over thickness and mass.

By manually adjusting the Neural Network settings for optimal adapta-
tion with the mobile phone feature database, these settings were built into the 
foundation of ProEmotion. ProEmotion then imports the database CSV and 
the target CSV to automatically initiate Neural Network’s Pattern Recognition 
toolbox (Fig. 7.4). This toolbox is responsible for training the system to pro-
vide output on the attractiveness toward each gender. After training is com-
pleted, Pattern Recognition toolbox automatically stores its output and shuts 
down, which subsequently initiates Neural Network’s Cluster Data toolbox. 
This toolbox attempts to determine the level of influence of each feature toward 
the customer’s emotions, which is achieved by importing the database CSV and 
grouping each feature into clusters.

7.6  ProEmotion Outputs

ProEmotion can produce four types of outputs. They are percentage attractiveness, 
accuracy diagram, weighting plane and similar phones. These outputs are dis-
cussed in the following section.

The attractiveness percentage output is self-explanatory. The larger the value, 
the more attractive the phone is to a target customer. Figure 7.5 shows an example.

The accuracy diagram provides information about the reliability of ProEmotion 
after classification training. ProEmotion obtains this accuracy by testing its own 
developed logic against the target CSV for every cellular phone sample within the 

Fig. 7.5  Example of 
ProEmotion attractiveness 
output
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database. During the training process, 50 % of the samples within database are 
randomly chosen to be trained, 25 % of samples are used for validation and 25 % 
are used for testing. Depending on which samples are randomly picked for which-
ever purpose, the effectiveness and accuracy of the system may vary. Currently, 
ProEmotion achieves a constant accuracy of 88–90 %, which is considered as 
much more than adequate for a Neural Network system.

Figure 7.6 shows an example of accuracy plot. The data appear as a 3 × 3 
matrix. The top left (green) box of the figure represents the number of male 
phones correctly identified as male phones (in this case 51, which is 55.4 % of 
the entire sample size). The (red) box to the right represents the number of male 
phones mistaken as female phones (i.e., 6). The middle-left (red) box represents 
the number of female phones mistaken as male phones, and the (green) box next to 
it represents the number of female phones correctly identified as male phones. The 
(gray) boxes on the right-hand side and along the bottom tally up the correct (top 
number) and incorrect (bottom number) percentage of each row and column. The 
bottom-right (blue) box represents the total accuracy. That is, the accuracy for cor-
rect identifications is 90.2 %.

Fig. 7.6  ProEmotion accuracy plot
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Weighting planes are an effective diagram that can communicate to the user the 
importance of each feature toward the human emotions. The diagram appears to 
be a honey-comb structure with ten by ten hexagons (Fig. 7.7); each hexagon is 
assigned a neuron to think with. A neuron analyzes the samples assigned to it and 
determines whether certain features have significant effect on the consumer’s buy-
ing decision or not.

“Weights from Input 1” means the weighting assigned by each neuron for the first 
feature, that is, length. Then, in the numerical order, there are “weights” for width, 
thickness, width over length, thickness over width, thickness over length, length over 
width, width over thickness, length over thickness and mass. The darker each neuron 
(hexagons) shows, the more important that feature is according to that specific neu-
ron. A general conclusion could be drawn from looking at the overall shade of the 
one hundred neurons for each feature. For example, it could be said that length is not 
a major factor for attracting males and females due to the overall bright shade, which 
by experience makes sense because slide phones and flip phones could get really 
long once opened, but are still fashionable. Meanwhile, width is more of a concern 
and thickness nonetheless could be said as the most important factor, this is reason-
able as females tend to dislike wider and thicker phones.

The only comment worth mentioning for the ratios (inputs 4 to 9) is that simi-
lar shading patterns represent a strong correlation between those features. Lastly,  

Fig. 7.7  ProEmotion weighting plane
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the mass is shown as a gradient shade, from very bright on the left to dark on 
the right. This means that this feature’s importance varies according to different 
phones. There is no definite explanation to this situation as which models each 
neuron was analyzing is unknown. However, generally it could be reasoned that 
some upper-class phones with expensive materials (such as aluminum or crystals) 
are heavier than ordinary plastic phones, but they can be very attractive to male 
and females even if females tend to prefer lighter phones.

Finally, ProEmotion can display similar phones from the database which has 
features within a given tolerance. By tolerance, the similar phone has to be within 
the following specifications: ±5 mm in length, ±3 mm in width, ±2 mm in thick-
ness and ±20 g in weight. These values were selected based on weighting of each 
feature (from weighting plane diagram). The more critical a feature, the smaller 
tolerance is assigned. ProEmotion ensures that if even one feature falls out of tol-
erance, the sample will not qualify as a “similar phone.” This function was intro-
duced so that the user could look at existing designs and see how other developers 
have designed a similar phone. It also reminds the user if their design specifica-
tions have been used before. This is especially helpful if the user is intending to 
create a unique phone. Each figure contains a picture, name, screen size, type, 
dimensions, weight, camera quality, available colors and target audience.

7.7  Conclusions

Product functionality has been one of the main focuses for any product develop-
ment and is responsible for its success in market, too. Appearance, material, shape 
and form provide the most immediate product data for the developers as well as 
users. However, less tangible issues such as emotional bonding of users with prod-
ucts, cultural perceptions and social values also provide valuable insights into the 
product developer to help expand knowledge and understanding of the users need 
beyond functionalities. Emotional or Kansei engineering is a concept of designing 
a product to satisfy the emotional needs of its consumers. Unlike marketing and 
arts, which focuses on bending the customer’s emotions toward a desired direc-
tion, Kansei engineering cares for customer satisfaction that is both unbiased and 
scientific. A Kansei-engineered product does not need to be justified through flam-
boyant media or artistic packaging. It can be felt and experienced by the end user 
as it portrays the feelings of the end user, not of the artists or designers.

The ProEmotion system aims to understand the mental and emotional prefer-
ence and inclination of the mobile phone users and to use the principal attributes 
(e.g., length, width, thickness and mass) of a mobile phone to predict its gender 
inclination. The assumption is the mobile manufacturers, rightly so, have always 
had in their minds about what group of customers their products target at, be it for 
male, female, general public or any other specific groups of users. ProEmotion can 
inform gender inclination of a mobile phone with accuracy as high as 90 %. This 
is based on a set of 92 mobile phone samples from the five major mobile phone 
manufacturers, Nokia, Samsung, LG, Motorola and Sony Ericsson.
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The study also confirmed that the principal parameters of a mobile phone are play-
ing an important role in its Kansei aspects. This quantified knowledge of user reac-
tions and their relationship to the physical parameters of a mobile phone design aids 
industrial developers to understand the needs of the targeted consumers in the early 
stage of the development. It would not be a good practice for a designer to solely go 
for fashion and functionality with no due consideration of principal parameters.

This research may have answered, in part, the two questions posed at the begin-
ning. The reason why some of the principal design attributes of mobile phones con-
tribute to their Kansei remains a much tricky question to be answered. The accuracy 
level of ProEmotion can be further improved through the following means. More 
mobile samples can be included in the study. It could also be implemented into com-
mon industrial CAD software such as an add-on feature which extracts and analyzes 
emotional features of CAD models in real time. Analysis of more complicated or 
variety of features would also provide further insights into the product under study 
and add to the strength of this comprehensive software.

ProEmotion could also expand its product range to beyond analyzing only 
cellular phones. They could be programmed to automatically adjust its inter-
nal parameters to achieve optimal results depending on the user input database 
of other products. By achieving this, it could become a generic tool for product 
developers to apply Kansei engineering in design works.

The concept of Kansei engineering is relatively new in terms of industry appli-
cation. Further research and development is still required. However, some success-
ful cases in the industry have proven that this concept is not an imagery process 
but an enabling tool that can be used by industry to gain benefits in terms of higher 
market growth and better customer acceptance of the products.
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Abstract This work presents an original contribution to discussion on the theme 
Kansei Engineering (KE). This chapter intends to make a characterization of the theme 
KE and through it provide an understanding of the breadth of the subject. Beginning 
with what the literature shows about the subject and then focuses on which types of KE 
exist to be exploited, the survey sought information from the major bases of research 
papers available. The bibliographic is based on sources and database platforms available 
in academic pursuit (CAPES Periodicals) on the subject. Despite the rather ambitious 
goal, the aim is to bring the topic up for discussion, so that academics and practitioners 
together can reflect on this important theme, find better alternatives for interaction and 
look for appropriate ways of spreading this topic in Brazil. The research result is pre-
sented below, the text is structured so the initial highlight the context of KE, their defini-
tions and basic guidelines and the existing types of KE and finally, a discussion.

Keywords  Kansei Engineering  •  Method of design  •  Customer in process

8.1  Introduction

With the improvement of communication processes, consumers have become 
more demanding and the industry more competitive, so that only the functional-
ity no longer meets the requirements of the market. Therefore, the current design 
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methodologies in the design field are looking for new methods allowing the 
generation of innovative ideas.

In this sense, the Kansei Engineering (KE) is presented as a methodology for 
product development able to translate the impressions, feelings and demands of 
users in solutions and parameters of concrete project to Schütte [1].

According to Matsubara and Nagamachi [2], KE is an effective technique to 
translate the feelings and desires of the consumer in product design elements. The 
consumer would be happier if this sensation experienced in the project could be 
implemented as Nagamachi [3].

In the future, it will become necessary to understand the user and the principles 
of how people interact with the world. Thus, professionals must acquire knowl-
edge through user’s experience and treat it as part of the system to optimize it.

To Schütte and Eklund [4], “Design and development of new products and 
product concepts has always been a challenge for companies on their markets. 
Internationalization, technological and economical development pressure 
contribute to an increasing competition in practice in all international markets. An 
increased number of products available, sometimes in combination with decreased 
purchasing power of the customers, forces companies to re-consider their product 
development strategies. Many examples support that their products change shape 
and connected to become closer to intangibles.”

Although the KE has long exist, about 40 years, little is known about the meth-
odology in the teaching project. In addition, the publications of KE in Brazil are 
rarely seen, and what is found is greatly simplified in terms of detail, compared 
with literature in other countries, where KE is detailed and applied broadly.

Thus, this work presents an initial discussion as a contribution by characterizing 
the KE topic and through it provides an understanding of the breadth of the subject.

It also encourages students to reflect on this important methodology so that 
together they can find alternative ways of implementing and diffusion of entrepre-
neurship in the country. As result, this work presents the context of the KE, their 
definitions and guidelines in addition to the basic differentiation between existing 
types identified. To end, it develops a discussion by the authors.

The novelty of this work will be highlighted insofar the result of the study 
approximates the method Kansei for the process of product design and fills a 
gap in domain of subjective requirements of users incorporated into the project. 
Moreover, as the applicability of other knowledge, approaches or methods—
such as Ergonomics, Usability, Accessibility, and Quality Methods—the KE 
seeks to improve human relations with the objects in order to improve health, 
safety, effectiveness, efficiency, satisfaction, access, quality when products are 
used.

The incorporation of the Kansei method during the design process will also 
improve human relations with the objects, and will assist the production of prod-
ucts with higher added value, not just technicians, functional, esthetic and cultural, 
but also that satisfy the subjective desires and human aspirations.
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8.2  Design and Emotion (Kansei)

The designer is a professional who intends to solve problems originated from the 
interfaces between man and his surroundings. He must develop all kinds of abili-
ties and competencies to its maximum, acquiring knowledge from all areas, so that 
when he faces these problems, he will be able to distinguish the whole issue and 
its parts. He should also be willing to develop the capacity of “learn to see” noting 
the information emitted by all kinds of human expression with accuracy, in order 
to transfer these acquired experiences to his new conceived objects.

Nowadays, creativity is considered the heart of Design, consisting of the pro-
cess of products’ development in its design stages as a main ingredient; hence, it 
should be stimulated. Allied to creativity, the emotion component must be better 
understood, explored and applied in Design.

So, even if the utilization of Design Methods in Engineering provides satisfac-
tory results to the designer, they are absolutely insufficient nowadays, because the 
consumer seeks, more and more, products that are able to play the strings of the 
heart, stroke it’s emotions, captivate culture and reason (…) able yet, to awaken 
it’s active participation and at the same time, touch it—Salocchi [5].

This causes the designer not only to develop his abilities, competencies and 
creativity, but also, above all, to mold them in the vision of the Italian designer [6], 
to whom the object is a friend of men, a smiling and affectionate company.

Moreover, in order for a professional of design to achieve outstanding projects, it is 
indispensable that he should be able to aggregate more value to his objects, not only the 
esthetic, technical, functional and cultural ones, but, mainly, the emotional ones. Thus, 
through the use of elements, like color, shape, texture, smells, flavors, sounds and move-
ments; the object will be able to transmit to the consumer a vast amount of information.

To assure that consumer notices the implicit and explicit qualities of an object 
and to use this easier and more efficiently, it is necessary that he feels attracted and 
infatuated by it. Therefore, aggregating values to objects means to stimulate all areas 
that comprehend the human emotion: vision, hearing, tact, taste and smell; thus, the 
more sensations stimulated and awakened, more efficient the objects will be.

Norman [7], in his book Emotion Design, teaches why beautiful objects really work 
better. He gives us, among several examples, a teapot that has a whistle in its beak, 
which makes harmonious tune in the passage of steam. The consumer receives informa-
tion that warns him that the tea is ready, and has his heart touched by a sweet melody.

A better understanding of the functioning of the human mind, as well as the 
brain information’s processing according to Pinker [8] is needed in order to obtain 
results never reached before. The designer should gather enough knowledge to 
stimulate the human senses and, consequently, human emotion, not only his, as 
well as the consumer’s.

Ramachandran and Hubbard [9] profited by the synesthesia, phenomenon that 
occurs when a person is able to mix the senses—vision, hearing, tact, taste and 
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smell; being able, for example, to taste an image or to color a song—to incorpo-
rate it into the creative process of Design. The information given by objects will be 
more rapidly noticed due to the fact that more than one sense is being enhanced. As 
the consumer faces an object molded with feelings, he will understand the charac-
teristics of this object, since his stimulated senses will awaken his soul and touch 
his heart. Unavoidably, the user will be amazed and will wish to possess this object.

As a creator, the designer is influenced by similar situations to those lived by 
the users of its objects. Which human being, when hearing the chord of a piano, or 
the sound of sea waves, or smelling a sweet perfume, or feeling solar rays, or even 
tasting a yummy strawberry pie covered with whip cream, has not created imagi-
nary sets or mentally projected a new way of life?

8.3  Concepts and Definitions of Kansei Engineering

Since only the functionality no longer meets the requirements of the market, there is a 
need of the Design takes ownership of methods that allow the generation of innovative 
ideas to offer a differential to the industry, in accordance with Marghani et al. [10].

To Schütte and Eklund [4], the Japanese expression Kansei is difficult to trans-
late. It means approximately “total emotions,” but that does not fully explain its 
meaning—in fact not more than partly. Kansei is the impression somebody gets 
from a certain artifact, environment or situation using all their senses of sight, 
hearing, feeling, smell, taste as well as their recognition [3].

According to Schütte [1], the KE is a methodology that correlates the feel-
ings and wishes of users with product development, and developing solutions and 
design parameters, so a consumer-oriented technology as [3], to incorporate solu-
tions to the products. Still in accordance with Schütte [1], the KE is limited to the 
evaluation of words and their emotional impact on the human mind.

Ishihara et al. [11] define KE as a technology that seeks to translate human feel-
ings into product features. For the authors, the Japanese word Kansei assumes the 
meaning of feeling, emotion and also printing. In the same year, Nagamachi [12] 
defines it as the transmission of feelings and image consumers have of a product 
design elements.

Ishihara et al. [11] also emphasize the importance of designers create products 
that meet the specific needs and feelings of users. Thinking that the user usually has 
the image or sense of how the product you want to buy, so it is important that design-
ers identify them and turning them into products that meet the demand. And thus, the 
KE becomes a methodology in the intermediation between designers and consumers.

According to Nagamachi [12] and Nagamachi and Iamada [13], the KE was 
created in Japan, specifically the University of Hiroshima, in the 1970s. Japanese 
industries disseminated it by applying to the development of products, especially 
automobiles, homes, construction machinery, electrical appliances, clothes, house-
hold products, among others. The KE is defined as the translation of the “feeling” 
of the customer for the product (illustrated in Fig. 8.1).
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Yet to Nagamachi [12] and Nagamachi and Iamada [13], KE includes the 
impressions of consumers about a product design, size, color, mechanical opera-
tion, ease of operation, as well as price. In 2001, Schütte and Eklund [14] treated 
the KE as a product development methodology that reflects the feelings, emo-
tions and demands of customers for products and existing concepts in solutions 
and specific design parameters. This definition is similar to the previously men-
tioned authors.

Schütte and Eklund [14] define KE as a methodology that contributes to the 
systematic development of new and innovative products and can also be used as a 
methodology for improving product concepts. The KE is based on subjective esti-
mates of properties and product concepts, and thereby helps consumers to express 
their needs, even though they have no conscience. Chuang and Ma [15] investi-
gated how to express effectively in the process of developing new products, the 
image expected by users and got some questions.

•	 The designers really understand which are the expectations of users for the 
products?

•	 Users perceive this image that the designers tried to convey?
•	 There are formal characteristics that can be adopted to encourage the report-

ing of this expectation?

The use of the KE not only assists the designer in the creative process or in 
setting a desired image, but mainly in the perception gap between designers and 
users. With the use of tools and methods that bases the KE, we can develop a prod-
uct with formal elements and characteristics that arouse the expected feelings by 
the users, increasing the chances of success of this product.

The translation of customer needs into design solutions and technical specifica-
tions is a major challenge to designers; the authors note [16]. Another challenge is 
to capture these emotional needs and their combination with design features that 
can meet them.

Hsu et al. [16] share the same opinion of Chuang and Ma [15], the question 
about if the designers understand the needs of the target audience, and if they are 
able to pass these expectations on the products they design, if the users/consum-
ers perceive the effort of the designers and if not, how to express effectively to 
users/consumers the images they expect. In his work, Matsubara and Nagamachi 
[2] present steps and goals for the KE according to how he conceived it. The meth-
odology provides a new product based on the feeling and the need of the consumer 
and must follow four basic steps (see Table 8.1), also defended by Schütte and 
Eklund [4].

Fig. 8.1  Diagram of the process of Kansei Engineering system. Source Nagamachi [12]
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1. Collect appropriate Kansei words to the product scope;
2. Identify the correlation between Kansei words and design features;
3. Building a technical identification of the design features;
4. Building a system that connects (1)–(3).

To Schütte and Eklund [4] also presents the three main points of KE are as follows:

1. Clarify the understanding of the consumer;
2. How to reflect and translate this understanding into product design?
3. How to create a system and organization-oriented to design Kansei?

Llinares and Page [18] define KE as a methodology for developing consumer-
oriented products, which analyzes the characteristics of the product from the 
standpoint of the user. To them, goal is to identify and quantify the user perception 
about a product in their own configuration and find quantitative relations between 
these subjective responses and design features. The KE relies on the fact that the 
perception of users with regard to the product depends on the physical and psycho-
logical and therefore, the global evaluation given by a combination of both.

To Schütte and Eklund [14], the basic idea is to describe the concept behind a 
product from two different perspectives:

1. The semantic description;
2. The description of (product) properties.

Figure 8.2 shows the general procedures of the KE for Schütte [1].
To Schütte and Eklund [4], “these two descriptions span a vector space each. 

Subsequently these spaces are merged with each other in the synthesis phase indicat-
ing which of the product properties that evokes the different semantic impacts. First 
after these steps have been carried out, is it possible to conduct a validity test, includ-
ing several types of Post-Hoc analyses. As a result from this step the two vector spaces 
are updated and the synthesis step is run again. When the results from this interaction 

Table 1  Steps to elaborate 
KE suggested by Matsubara 
and Ngamachi [2]

Step 1 We use the semantic differential (SD), developed 
by Osgood [17], as a technique to understand 
the feelings of consumers. First, collecting 
around 600–800 words taken from journals and 
interviews with professionals. They are selected 
from approximately 100 words most relevant.

Step 2 A survey (or experiment) is conducted to find 
relationships between Kansei words and 
design elements.

Step 3 With the aid of the computer is developed to a 
structure KES. Artificial intelligence, neural 
network and genetic algorithm as well as 
fuzzy logic are used to build a database and a 
computerized system of inference.

Step 4 You can adjust the database Kansei words to the 
feelings of consumers to periodically update 
the data every 3 or 4 years.
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process are acceptable, a prediction model can be built describing how the semantic 
and the space of application are related.”

8.4  Types Kansei

Statistical data submitted by KEB1 in Fig. 8.3 show the growing publication on the 
subject enter 2001–2010, highlighting the importance of this methodology in the 
design process as it assists the development of products closer to consumers’ 
expectations. The publications were divided according to the six existing types of 
KE, which will be posted throughout this topic.

In 1995, Nagamachi [12] classified KE into three types:

1. Category classification;
2. Kansei Engineering Computer System;
3. Kansei Engineering Modeling.

1 O KEB group é constituído por professores e estudantes da área de design da instituição 
brasileiras de ensino UFPR. Tem realizado levantamentos e discussões sobre o tema, os quais 
evidenciam a importância da utilização do KE como suporte para a tomada de decisões no 
processo de projeto, ou seja, no desenvolvimento de produtos.

Fig. 8.2  Kansei Engineering 
procedure. Source Schütte [1]
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In the three above kinds, it also introduces Hybrid KE, a combination of KE 
as a consumer and customer support. The new type is exemplified in a later arti-
cle, 1997, in which Nagamachi [12] shows the structure along with Matsubara [2]. 
Later, Marghani et al. [10] and Schütte [1] present and characterize the six types 
of KE developed, tried and tested with a survey that identified the published litera-
ture. They are as follows:

1. KE type I—Category Classification;
2. KE type II—Kansei Engineering System (KES);
3. KE type III—Hybrid;
4. KE type IV—Mathematics;
5. KE type V—Virtual;
6. KE type VI—Collaborative.

8.4.1  KE Type I: Category Classification

According to Nagamachi [12], the KE type I is a method in which a Kansei cat-
egory of products is divided into a tree structure to identify the design details. This 
division should result in sub-concepts with clear meanings to achieve the required 
identification. It is a fast and easy way to analyze KE, as says [1]. In this type, 
a particular product strategy and market segment are identified and developed in 
a tree structure (see Fig. 8.4). This structure presents similarities with Ishikawa’s 
fishbone diagram [19] and QFD [20].

Through the Kansei words, consumers are encouraged to express their feelings 
and their emotional states. A method of analysis used is differential semantic (DS).

8.4.2  KE Type II: Kansei Engineering System 

In KE type II, feelings and property of users of the products are stored in a digital 
database. Then, it made the correlation with of the feelings with pictures of the 

Fig. 8.3  Publication of KE articles over 10 Years. Source Marghani et al. [10]
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products analyzed. The KES are, in many cases, specialized programs to support 
the design decisions of different products.

According to Schütte [1], a typical KES consists of four databases: Kansei 
words, images of the analyzed products, design and color as well as knowledge 
about how the different data are related. Its basic structure is illustrated in Fig. 8.5.

8.4.3  KE Type III: Hybrid

The KE type III is called hybrid because it is constituted by KES and reverse 
Kansei Engineering. According to Schütte [1], KES is also known as Forward 
Kansei Engineering, because it can only be used to convert consumer feelings into 
design parameters.

Fig. 8.4  KE process 
tree. Source adapted from 
Nagamachi [12] and Schütte 
[1]
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Moreover, there are many applications that require analysis concepts and 
designs that are made during the development process. It is advisable to maintain 
a database of products that can be used in reverse to predict the feelings that the 
users have of the designs and concepts that are made during the development pro-
cess. Thus, this type is called KE Backward Kansei Engineering System, whose 
structure can be seen in Fig. 8.6.

Although the databases used for the Hybrid KE be the same as the KES, 
the program is specifically designed for use by designers that feed the sys-
tem with their ideas through the user interface and system controller, which in 
turn examines the parameters of the product and compares them with the data 
stored in the database. These data are related to the database Kansei words that 
are selected and presented to the designer in order to help generate new ideas, 
says [10].

Schütte [1] presents several advantages such as the Hybrid KE: rapid assess-
ment of clients Kansei on the concept, it is not necessary to present the concepts or 
prototypes for potential users as it is not necessary an expensive market research.

Marghani et al. [10] warn off the complexity of this type of KE, since a number 
of other functions are implemented. It is possible, for example, include a system 
for recognition of shape and color in order to analyze the characteristics of design 
drawings of the new product.

Fig. 8.5  Systematic structure of KES. Source adapted from Nagamachi [12]
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8.4.4  KE Type IV: Mathematical

The preferences of consumers as stipulated by the Kansei attributes evaluated 
in a product vary according to each person, according to Yan et al. [21]. For the 
authors, the evaluation Kansei of consumers is vague due to the different priorities 
that each respondent gives to every word Kansei, which ultimately generates an 
uncertainty on the data obtained.

In accordance with Schütte [1], the differential of the type IV KE is the applica-
tion of a mathematical model. Marghani et al. [10] indicate a strong trend in the 
use of this type of KE as it allows translation of inaccurate data from users on 
accurate data. Also according to Marghani et al. [10], this feature actually helps 
the project team to have more precise conditions for making decisions regarding 
the development of the project.

The KE type IV uses more than intelligent systems; in particular, this type uses 
a mathematical model. This model is built from the rule base to obtain the result of 
ergonomic Kansei words. In this procedure, a mathematical model implies a kind 
of logic that plays a role similar to the rule base according to Nagamachi [12].

Fig. 8.6  Structure of Backward KES. Source adapted from Nagamachi [3]
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For example, Sanyo applies this kind of KE successfully for color copies 
that reproduce more faithfully the skin tone of the Japanese people. The first 
step is the “sensory perception of human image processing” to Fukushima 
et al. [22]. 50 people were surveyed to assess, on a scale of five points, 24 
images of human faces with slightly different skin tones. The values of the 
resulting scores were used to define fuzzy sets that expressed the desired 
degree of skin tones. With fuzzy logic was possible to determine the three fac-
tors of color, which processed a system generated the RGB color type skin 
more desirable [23].

The article [21] deals with Kansei evaluation focused on the psychological 
needs of consumers and their personal preferences.

Applies this assessment in a typical product. The central problem of the 
work is: as esthetic aspect plays a crucial role in the user’s perceptions of 
traditional products, Kansei information is essential and necessary to the 
issue of assessment. The process implemented by Yan et al. [21] is shown in 
Fig. 8.7.

8.4.5  KE Type V—Virtual

Also known as VIKE (Virtual Kansei Engineering), this type of KE uses virtual 
reality to simulate to the user a 3D environment. The VIKE uses virtual reality, 
a powerful technology to put the user in a virtual 3D environment, which can be 
directly manipulated.

It is a combination of a computer system with virtual reality systems to help the 
user’s selection of a product using his experience as a resource to the virtual space 
[23]. According to Nagamachi [3], by using this type of KE, it is possible to check 
the Kansei environment before the production of the Kansei product which makes 
this technology a combination very useful and effective for the design of houses, 
car interiors and urban design and landscape.

It has been as an example the application of this methodology in the 
development of kitchens and dining rooms by the Matsushita Company in 
partnership with the University of Hiroshima [24]. The system on the left rep-
resents Kansei Engineering, and the system on the right, the virtual system (see 
Fig. 8.8).

First, the consumer answers to the questions regarding their lifestyle and 
inserts his words Kansei. The system proposes the kitchen that fits the user’s 
Kansei and used a database based on the feelings generated by the project kitchen 
imagined by 10,000 women. If the consumer is satisfied in the virtual space, the 
designed kitchen decided by the system is transferred to the factory and deliv-
ered in two weeks. The new kitchen is mounted in the presence of the consumer. 
This system is very popular in Tokyo, Nagoya, Osaka and Hiroshima according to 
Nagamachi [3].
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8.4.6  KE Type VI—Collaborative

This type of KE uses the World Wide Web (Internet) to develop a collaborative 
work. The benefits of this type of KE are as follows:

•	 Increased commitment to the project;
•	 Cooperative work between the participants;
•	 Efficiency in the speed of product development;
•	 Increased dialog between producer and consumer;
•	 Effective participation of many people, which promotes diversity of ideas 

for the project.

It is a type that uses software for collaborative work in groups or on the Internet. 
In this case provides an opportunity to bring the views of both clients and design-
ers simultaneously. Thus, the initial stages of development must be reduced and 
simplified. Figure 8.9 shows the structure of the collaborative project Kansei.

Using the Internet, it is possible to build a structure of group of project, which 
has a smart system and database Kansei. This structure is useful to add the work 
of many designers. The system, through a server, is a clever program that supports 
collaborative project allowing greater interaction between designers and project 
development [3]. As said before, the benefits of this type of KE are, for example, 

Fig. 8.8  System structure of the VIKE. Source adapted from Nagamachi [3]
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collaborative work among participants, efficiency, speed product development, 
greater dialog between producer and consumer, and the effective participation of 
many people, offering a diversity of ideas for the project, as says [25].

8.5  Considerations

Many products are developed in Japan using Kansei Engineering. Recently, it was 
applied to construction products, as well as urban projects. These are some organi-
zations, not only Japanese, which introduced Kansei Engineering by the year 
2002, according to Nagamachi [3]:

•	 Automotive: Mitsubishi, Mazda, Toyota, Honda, Ford, Hyundai, Delphi 
Automotive Systems.

•	 Industry of construction machines: Komatsu.

Fig. 8.9  Collaborative Kansei designing system. Source adapted from Nagamachi [3]
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•	 Industry appliance: Sharp, Sanyo, Matsushita, Matsushita Electric Works, 
LG, Samsung.

•	 Manufacture of office machines: Fuji Xerox, Canon, Fuji Film.
•	 Construction industry: Matsushita Electric Works, YKK Design, Tateyama 

Aluminum, Kansei Electric Power Plant.
•	 Textiles: Wacoal, Goldwin.
•	 Cosmetics industry: Shiseido, Noevia, Milbon, Ogawa Fragrances.
•	 Other: KDS, Pilot.

Most organizations cited is of Asian origin, which contributes to the fact that most 
research and scientific publications are also concentrated in China (particularly 
Taiwan), Japan and Korea.

All products developed by KE had good sales in the market so far, because it is 
intended to incorporate consumers’ feelings and images into new products. That is 
why KE is a powerful consumer-oriented technology today [3].

There are several factors that should be considered during a project, including 
consumer preferences [26], the manufacturing processes [27], the color element 
[28], the texture of the material [29], interfaces involving use of the product [30], 
among others. In summary, all these factors involve substantial expenditures of 
time and money to improve a project; in general, these factors are manipulated in 
the conceptual design phase.

The conceptual design phase can be seen as the combination of creativity and no 
method and involves several lines of reasoning and a lot of interdisciplinary infor-
mation. At this stage, they are handled and processed information dispersed, many 
coming from the designer’s own reasoning, and therefore not formalized [31].

Moreover, it can be seen to be two types of knowledge required by the 
designer: knowledge of technical solutions (how to do) and knowledge of the 
design process (how to proceed). Thus, during the conceiving, the designer uses 
all his intellectual capacity and diversification of knowledge, constantly resorting 
to personal experience and creativity.

Thus, the KE is a positive methodology, it corroborates with the decisions of 
the project team that uses more precise information from the data manipulation by 
users who have departed. With this design process is increased efficiency not only 
in its conceptual stage, but the production phase, since the products are in best 
accordance with the needs of customers/users. The methodology KE helps the the-
ories of decision making, as it enables the project team visualize more accurately 
the needs and desires of customers/users, so the project becomes faster, accurate 
and results in next human aspirations.

In the Design, the subjectivity is an area not totally dominated, or the under-
standing of perception that customers/users give to objects [10]. The use of the KE 
not only assists the designer in the creative process or in setting a desired image, 
but mainly in reducing the perception gap between designers and users. With the 
use of tools and methods that bases the KE, we develop a product with formal ele-
ments and characteristics that arouse the expected feelings in the users, increasing 
the chances of success of this product.
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Despite the large international efforts targeting these areas, which reinforce its 
importance as a field of current research, it appears still underdeveloped, without 
knowledge totally sedimented. Because it is a strategic area in the field of design 
knowledge, and rapidly developing, its importance should have been emphasized 
and cannot dispense with investments in any company that is interested in partici-
pating in the international community as the owner of knowledge and innovation.

In Brazil, little or nothing about this subject is addressed. Thus, the Brazilian situa-
tion presents itself lagging behind the more developed centers internationally. However, 
because it is still a developing knowledge, this situation can and must be changed.

It was intended in this article to demonstrate that the understanding of human’s 
feelings and emotions must have its importance enhanced by the designer during his 
academic and professional training, which may be an essential ingredient in develop-
ing new projects. When faced with the challenges presented in a briefing, the profes-
sional must master the skills that will facilitate the generation of innovative ideas. And 
this is not only in terms of functional and esthetic techniques, but above all emotional.

To this end, it was demonstrated that the KE can collaborate on creating repertoires 
of knowledge by using this methodology. As the KE can help the designer to highlight 
the qualities of an object and on the development of new products, this methodology 
must be considered and studied. Thus, the difference in product, even though techni-
cally equates to that of its competitor, lies in the professionalism with which the design 
team handles all the details of a project, such as the pianist gives himself to music.

The designer you want to succeed, it is essential to learn to look around, listen 
to the best colors, shapes feel, taste sounds, experimenting with various aspects of 
the world. Due mainly to “wake up” for the discovery and formulation of solutions 
to the problems presented.

The designer must also understand all the ways of life and human expression, 
be it musical, literary, poetic, sensitive and emotional to convey ideas, feelings 
about the world, human desires, and more than that, try to help each other solve 
the problems of human and environmental diversity.

And finally, being a designer is a practice of life, a privileged way of linking the 
intelligence, the thought of leading, guiding the formation of the culture of human 
beings, the real, sensible and inimaginary because through their methods of solv-
ing problems are distinguished divergent and convergent thinking, logic and struc-
ture, mobilizing structures and moving in search of new, or worth the KE can be 
produced industrially and operationally to build a decent and comfortable place 
for humanity.
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Abstract This chapter presents the six (6) types of Kansei engineering (KE) in 
more details than in chapter Kansei engineering: methodology to the project oriented 
to the consumers. Studies of the application of each type will be presented, since its 
inception to 2011. Thus, it is possible to notice the different procedures that each 
type can assume; in addition, the answers may be obtained by applying this method-
ology. Each type of KE uses different supports to its procedures, for example, math-
ematical models, virtual simulation of product usage or environment, and the joint 
work of designers supported by a server with intelligent software. Throughout this 
chapter, it is possible to realize that the application of KE includes since the macro 
until the micro-products/environments, the KE can be applied on the users’ prefer-
ences about a flat, the interior of a car or small objects, like a cell phone. At last, that 
chapter is concluded with a discussion concerning the importance of KE to business 
and industry, what justifies its discussion and dissemination.

Keywords  Kansei engineering  •  Method of design  •  Customer in process

9.1  Introdution

All the six (06) types of Kansei engineering (KE) developed today have different 
procedures and rely on the use of appropriate methods for each one. Thus, the KE 
advances are directed to detailing responses obtained by its application.

According to Schütte [1], the KE can be carried out in different ways using dif-
ferent types of Kansei engineering. At the moment, six (06) types of KE have been 
developed, tested and proved, and they are as follows:
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1.  KE type I—Category classification;
2. KE type II—Kansei engineering system (KES);
3. KE type III—Hybrid;
4.  KE type IV—Mathematics;
5. KE type V—Virtual;
6.  KE type VI—Collaborative.

The type of KE should be selected according to the desired outputs, such as: 
What is the genetic code optimum of a product? The time available that the project 
team can devote to the development of procedures, analysis and reflection on the 
results should also guide the choice of the type.

Besides these factors, it must be also consider the time for training and practice 
for the type chosen to develop a product, or just to analyze the human feeling of a 
certain product. These variables are crucial for any project team wishing to use the 
methodology KE.

9.2  KE Type I

According to the author Schütte [1], in the KE type I, a product strategy and mar-
ket segment are identified and developed in a tree structure. The application of this 
type begins with the concept known as zero (0), which will be divided into sev-
eral subconcepts at the following levels. These concepts can be evaluated sepa-
rately in different levels until the design parameters of the product can be easily 
determined.

In more complex cases, it may be necessary to carry out surveys and/or 
researches that support the decision for a certain concept of the final product. The 
tree structure can be seen in Fig. 9.1.

The definition of KE type I mentioned above, according to Schütte [1], can 
be perceived both in the work done by Nagamachi [2] and in the work of the 
authors Jindo and Hirasago [3] in 1997, in which the KE type I was applied. 
These authors had aimed to understand the uncertain needs of users and develop 
the products, in both cases were cars, based on the Kansei words selected by 
each user.

The work was based on data relating to the design of car interiors, the design 
elements, and the human impressions conveyed by the elements of design. 
Figure 9.2 illustrates a flow diagram of the construction and a support structure for 
the styling of a car.

The author Schütte [1] reports that the KE type I depends, in many cases, not 
only on a property of the product, but also on the composition and the balance 
between properties of components of the product. Therefore, for the application 
of KE type I, is required the division of a product into its basic units (components 
and subcomponents), using or not a tree structure, so that the product can be ana-
lyzed in its entirety from its elements.
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Fig. 9.1  The translation of Kansei into car physical traits in the case of ‘Myata’. Source adapted 
from Nagamachi [2]

Fig. 9.2  Construction and flowchart of car interior styling support system. Source adapted from 
Jindo and Hirasago [3]
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9.2.1  Case Study KE Type I: Speedometer

The procedure adopted by the authors Jindo and Hirasago [3] presented the divi-
sion of the product speedometer in its basic units, according to the procedures for 
this type of KE.

After choosing the product, each basic unit (properties or features) was identi-
fied and classified as shown in Fig. 9.3.

Continuing  the  procedure  of  KE  type  I,  were  elaborated  subjective  analysis 
about the properties of the product, followed by combinations of samples (graphi-
cal or not), which were subsequently showed to the users of the product speedom-
eter for both sexes.

For this procedure was applied the semantic differential using a scale of seven 
(7) points, in which users had attributed values. The analysis results showed that 
some adjectives/impressions are associated with a particular format or type of 
product feature.

Fig. 9.3  Design elements of analog meter. Source adapted from Jindo and Hirasago [3]
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Thus, it was identified the most desirable shapes to users, considering what 
their needs are. The result indicated that speedometers should adopt shapes that 
transmit to the users the impression of easy understanding, that is, the best design 
should transmit that feeling. It was obtained as result words/adjectives and forms/
formats that represent that concept.

The number of words to be used in the semantic differential scale depends 
on the team and also on the project objectives, and depends on the product and 
on how many elements the product has, among other variables. According to 
the authors Chuang and Ma [4], the purpose is to apply the semantic differential 
scale to quantify the user perception. Thus, it is possible to relate the subjective 
responses with the design parameters.

At a given time was presented to the respondents photographs of speedometers. 
It was used the concept easy understanding as the axis, in which other words were 
situated.

The user based its assessment on the design criteria that would classify as easy 
to understand. The higher the number of respondents, the most consistent may be 
the results, according to the authors Chuang and Ma [4].

In the study presented by the authors Jindo and Hirasago [3], a vehicle charac-
terized as comfortable, the speedometer must be easily understood, and the seat 
must be ergonomically designed, among other features.

Thus, the study indicates that different parts of the same product can have dif-
ferent impressions on the user, and the individual analysis of these units is needed 
to fully meet the desires of the user.

As a conclusion of the case analyzed, it can be said that the units of the prod-
uct do not need to arouse the same feelings that product as a whole stimulates in 
the user, because each party meets its own characteristics. The subdivision of the 
product components in their minimum units specifies better the relevance, the 
needs and desires of the user to facilitate the improvements that are made in prod-
uct design.

9.3  KE Type II: Engineering System (KES)

The development of KE type II implies the application of KE type I as an initial 
procedure. After the feelings of users were identified through the Kansei adjec-
tives, such information is stored in digital databases to make correlations between 
Kansei words with images of the products that were analyzed.

This allows designers to know better the understanding of the perception that 
users have with respect to products and guides the designers to make decisions 
closer to what users want.

According to Nagamachi [2], these databases are separated into four (4), which 
are related categories as can be seen in Fig. 9.4.

For the development of the procedure KES, there are steps that take place as 
follows, according to Nagamachi [2]:
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1. Insert the words in Kansei KES (the consumer should think of the desired 
product);

2.  Check the Kansei word recognition with the database;
3. If the words were recognized, then they are transferred to the knowledge 

database;
4. Activate the inference engine, which will inform, on a screen, what aspects 

of design details and colors are appropriate, that is, are in accord with the 
feeling of the user.

9.3.1  Kansei Database

After collecting the Kansei words and the selection of these words, semantic dif-
ferential scales are developed and applied. Later, the data can be assessed by fac-
torial analysis or other methods of analysis. The results suggest Kansei words, 
giving rise to the database built into the system database.

9.3.1.1  Image Database

The results of the differential semantic can be analyzed by the quantitative theory 
type I [5], which is a type of multiple regression analysis for qualitative data.

Fig. 9.4  Systematic 
Structure of KES. Source 
adapted from Nagamachi [2]
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With this analysis, it is possible to obtain a list of statistics that relate Kansei 
words and design elements (product properties). Thus, the elements that actually 
contribute to meeting a specific Kansei word can be identified in the products.

9.3.1.2  Database Design and Color

The details of the product properties that relate to the colors and design are placed 
in a database separately. The details of design consist on the formal aspects of the 
product (object of study) that can be correlated to a Kansei word. The details of 
colors correspond to the relations of Kansei words with colors that can be trans-
mitted to users. All combinations of design details and colors are set by the system 
database, which allows the visualization of graphs for analysis.

9.3.1.3  Database Knowledge

In this database, the rules necessary to decide which items are correlated to the 
details of design and color and Kansei words are established. Some rules, for 
example, may result from the calculation of the quantity theory, or on some princi-
ples of colors, or rules about the forms of objects and their symbols.

9.3.2  Case Study: Urban Flats

In their work, the authors Llinares and Page [6] used the KE type II to analyze 
the users’ perception in relation to urban flats (apartments) in Valencia, Spain. The 
authors applied the semantic differential and identified fifteen (15) major factors 
that characterized the perception of users. In this study involved one hundred fifty-
five (155) subjects who analyzed one hundred twelve (112) flats.

This work demonstrates the breadth of application of the methodology KE, 
because it can assist both the analysis of product design and architectural projects.

One of the authors’ conclusions is the assertion that the methodology KE helped 
them identify key concepts and attributes that describe the users’ perception about 
a specific property, which are identified by the expression of words used by users.

To obtain users’ data were used questionnaires to collect information about 
respondents and their perceptions. To identify the characteristics of the flat were 
collected sixty (60) words taken from magazines and journals on the subject as 
shown in Fig. 9.5.

For processing the data, the techniques used were as follows:

•	 Identification of a semantic axis;
•	 Classification of semantic axes;
•	 Comparative analyzes.
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The collected data were then stored and grouped in databases, the main charac-
teristic of the KE type II.

9.4  KE Type III: Hybrid

The KE type III is termed hybrid because it consists on the KES and reverse 
engineering. According to the author Schütte [1], KES is also known as forward 
Kansei engineering, because it can only be used to convert consumer sentiment in 
design parameters.

Fig. 9.5  Comparison of semantic profiles. Source adapted from Llinares and Page [6]



1359  Kansei Engineering: Types of this Methodology 

On the other hand, there are many applications requiring analysis of concepts 
and designs that may be developed during the process of product development. For 
this reason, it is advisable to maintain a database of products that can be used in 
reverse order.

This procedure allows to predict the feelings that the designs and concepts that 
were developed during the development process will awake on the users. Thus, it 
is possible to get a return from the user and verify whether the product actually 
meets the requirements of the project and the Kansei words defined by users.

To the authors Roy et al. [7], this process occurs by the development of seven 
(7) steps, as shown in Table 9.1.

The first step identifies the properties of the product to be designed based on a 
survey data from similar products. This research should select provided character-
istics for the product and select the similar which best meets the similar goal of the 
project.

After these steps, there should be a selection of features that best meet the 
needs of the project.

In the second stage are selected Kansei words, which can be collected from var-
ious media such as Web sites, magazines or opinions of the users. After collecting 
the Kansei words, they must be refined from an affinity diagram.

Thus, the number of words is reduced, and the Kansei words with higher affin-
ity will have greater relevance to the project.

In the third step is applied a questionnaire with the Kansei words selected 
on  the  first  stage  and  the  objects  selected  on  second  stage.  Besides  the  subjects 
respond about the product, it is possible, with the use of Kansei words, ask them 
to describe the ideal product. In the case of this research, the product evaluated by 
Roy et al. [7] was a cell phone.

In the fourth stage, the results are analyzed to understand the perception of 
users and translate this information into design parameters. In the fifth stage, the 
alternatives are generated for the new product from the requirements of the fourth 
stage. The alternatives are selected among the project team based on product 
requirements.

Table 9.1  Etapas do 
processo para [7]

Step 1 Identify properties of products
Step 2 Identify Kansei words
Step 3 Match the words with the Kansei product in a 

questionnaire
Step 4 Analyze the results of the questionnaire
Step 5 Use the analysis for generating alternatives
Step 6 Make a second questionnaire on the options 

selected using the same words of first 
questionnaire

Step 7 Discuss the results and verify whether it meets 
the users’ perceptions, otherwise return to 
first step
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In the sixth step, another questionnaire is applied with the selected alterna-
tives using the same words and Kansei of the third stage. Thus, it is possible 
to verify whether the design team was able to understand the needs and desires 
of users and if the alternatives reflect this expectation. Understanding the per-
ceptions of users regarding the product is the focus of this type of KE, because 
it needs this understanding to transform all the sentiments expressed into a 
product.

In the seventh step, the design team analyzes the survey results more deeply 
and carefully, and then the product is created. Finally, the user is queried to deter-
mine whether the proposal meets your expectations. If the goal was reached, the 
production is allowed; otherwise, it must return to the first step.

9.4.1  Case Study: Mobile Phones

The authors, Roy et al. [7] applied the procedures of KE type III to cell phones. 
The first research was focused on three brands considered the best ones by users: 
Nokia, Samsung and Sony Ericsson. The procedures reported in the KE type III 
were applied, and the results obtained were converted into alternatives generated 
by the last questionnaires (see Fig. 9.6). The alternatives had successful in almost 
all requirements indicated by the users, except durability and clarity.

The questionnaire shown in Fig. 9.6 was first used in contact with the subjects 
through the use of similar products, and then a second contact was developed to 
compare results based on responses from both questionnaires. According to Roy 
et al. [7], when this step is finished and the expected results were not achieved, it 
is necessary to redo all the steps, find the critical points and make the necessary 
changes.

9.5  KE Type IV: Mathematical

Consumer preferences regarding the Kansei attributes evaluated in a product vary 
according to each person. According to the authors Yan et al. [8], Kansei evalu-
ation of consumers is vague due to the different priorities that each respondent 
gives each Kansei word, which creates uncertainty about the data.

According to Schütte [1], the differential of the KE type IV is the implementa-
tion of a mathematical model. For this feature, the authors El Marghani et al. [9] 
indicate a strong trend in the use of this type of KE as it allows translation of inac-
curate data on accurate data from users, that is, mathematical results.

The authors El Marghani et al [9] claim that this feature actually helps the pro-
ject team in better conditions for making decisions about the development of a 
product.
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9.5.1  Case Study: Leaves of Gold Kanazawa

In this study, the authors Yan et al. [8] report the successful implementation of 
KE type IV in different types of consumer products, but also highlight the lack of 
attention given to its application in commercial products, especially when it comes 
to the traditional arts.

The study presented by the authors is the Kansei evaluation of thirty (30) 
Kanazawa gold leaf, a traditional art with more than 400 years of history. This 
assessment is justified by the contribution it brings to the marketing area, besides 
the fact that KE type IV is crucial for understanding the esthetic perception of con-
sumers by allowing an accurate translation of the desires of the users in mathemat-
ical variables.

Fig. 9.6  Example of questionnaire applied via Web
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9.5.1.1  Methodology

The authors Yan et al. [8] propose a mathematical model for the KE, consisting of 
four (4) main steps:

1. Identification and measurement of Kansei attributes;
2. Develop Kansei profiles;
3. Specification of consumer preferences;
4. Aggregation prioritized fulfillment of goals.

Also according to the authors Yan et al. [8], this methodology allows consumers 
to select and purchase products according to their actual preference.

9.5.1.2  Identification and Measuring Attributes Kansei

To identify the Kansei attributes, we developed a brainstorming with manufac-
turers and local tenants and, as a result, obtained twenty-six (26) pairs of Kansei 
adjectives. Linguistic variables were used to express the semantic differential in a 
scale of seven (7) points, and each attribute Kansei was represented by a triangular 
fuzzy number.

9.5.1.3  Profiling Kansei

To obtain the data necessary Kansei, two hundred eleven (211) respondents were 
asked, including researchers KE, Kanazawa experts and masters of traditional arts.

They were asked to evaluate the Kansei attributes of thirty (30) samples simul-
taneously to ensure the accuracy of personal judgments. These Kansei data were 
then used to generate the profiles Kansei the products tested.

9.5.1.4  Specification of Consumer Preferences

Each subject selected seven (7) attributes Kansei and seven (7) corresponding to 
attributes targets. Thus, it was possible to calculate the probability to find the prod-
uct Om goals consistent with the Kansei attributes selected by the subjects.

9.5.1.5  Aggregate Performance of Prioritized Goals

The Kansei attributes were divided into three (3) priority levels. To add satisfac-
tion levels in this structure were computed vector weights OWA for each priority 
level below the characteristic attitudinal Ωq.

Lower levels of satisfaction for the Kansei attributes induce the highest impor-
tance weights for attributes in lower priority levels lower.
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9.5.2  Conclusion

For the authors, with the proposed methodology, the consumers could buy or 
select their favorite items according to your preference. The study focused only on 
Kansei attributes, and the resulting model suggests a consumer-oriented approach 
based on the Kansei profiles. The authors also conclude that the model is useful 
for the marketing area, particularly in the area of e-commerce, where recommen-
dation systems have become a major area of research.

9.6  KE Type V: Virtual (Vike)

According to the author Nagamachi [10], virtual reality is an advanced technology 
capable of constructing a virtual space and provides an experience that is not pos-
sible to have in the real world.

The main characteristic of KE type V is the use of this technology, building a 
space and adapting it to the feeling of the user. Thus, it is possible to provide an 
experience to examine the approach to the design of a proposed Kansei expected 
by the user, as shown in Fig. 9.7.

It is very useful and efficient for products of large scale, because it is possible 
to analyze the virtual space before producing it physically. The steps of this kind 
of  KE  are  based  on  the  application  made  by  Matsushita  Electric Works  and  the 
Hiroshima University [11], as shown in Table 9.2.

Fig. 9.7  System Structure of the VIKE. Source adapted from Nagamachi [10]
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Initially, this type of KE was applied only to kitchens; later, it was expanded to 
other rooms in the house and became known in Japan as HousMall System, origi-
nally in the city of Osaka in 1999.

It is consisted of two (2) blocks of macro-systems computer: the main control is 
KE system, and the other is the virtual reality system.

The HousMall system consists of a main control system with user interface, the 
database image and Kansei words, the database of knowledge, the virtual reality 
system and finally the building system of design, as shown in Fig. 9.8.

The designed structure allows the consumer who wants to design a whole 
house put the family data in the system. The system asks for the future residents 
which part of the house they wish to start. So, it asks the residents to enter the 
system Kansei words. Then, the system proposes an option that can be viewed in 
a virtual space, and the future residents can see the solution to the environment 
from any angle. If there is any feature that does not please the residents, they 
can make changes in the system. After the improvements are made, the virtual 
space is approved by the users and the proposal is finalized. The future residents 
can still count on the help of an architect to define the details of the proposed 
environment.

9.6.1  Case Study: Design of Loudspeakers

The authors Artacho-Ramírez et al. [12] conducted a study on ways of represent-
ing products to be manufactured, how they influence the perception of the user/
consumer and product success in the market.

Table 9.2  Steps of KE type 
V according to Enomoto et 
al. [11]

Step 1 First, the users answer questions and give values 
for the Kansei words they want to be present 
in the design of the product/environment

Step 2 The system used proposes an option based on 
the Kansei words of the users

Step 3 If the graph shown on the screen is satisfactory, 
the data are processed by the virtual system

Step 4 If the customers want any part to be modified, 
this modification is possible by changing the 
system module

Step 5 The customers can change parts of the virtual 
product/environment

Step 6 If the customers are satisfied, the virtual model 
of the product/environment is sent to the 
factory

Step 7 All the parts of the product/environment will be 
sent to the customers’ home in two (2) weeks 
and will be assembled in the presence of the 
customer
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Thus, they conducted a study with different forms of representation of the prod-
uct, among them the virtual space. For them, the difference of perception between the 
physical product and its representation decreases as it uses technologies that allow 
immersion and interactivity in real time and experience with the three-dimensionality.

In the case study of the authors Artacho-Ramírez et al. [12], the feelings of the 
user were observed concerning a loudspeaker and physical forms of representation 
(such as three-dimensional simulation). They use the semantic differential method 
and conducted the study in three (3) steps, which have features found in the types 
of Kansei until now operated, as shown in Table 9.3.

In this study, we used two (2) types of speakers: one traditional and another 
with different design features. The product was presented to the user via computer, 
and a reference element commonly known in size (CD) has been arranged next to 
the product to convey the concept of scale.

One type of analysis has been conducted giving the user the ability to interact 
with the product to modify the point of view of the object. To examine whether this 
possibility really have any interference in the user’s feelings, the 3D models were 
converted into a type of format called Metastream, which can be played by almost 
all formats of Internet browsers (via a plug-in). This format allows a high quality and 
interactivity with 3D elements. Using the mouse, the user could move, rotate and 
vary the distance of the product and even test some of their functions (see Fig. 9.9).

Fig. 9.8  The system structure of the HousMall. Source adapted from Nagamachi [10]
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Another type of analysis, related to the three-dimensional representation, 
occurred with the use of a stereoscopic display which increases the degree of real-
ism accentuating the immersion and the three-dimensional observer experience.

As a conclusion of the study, the authors discussed the contribution of the inter-
action between the user and the product before its release. This ensures that the 
product reaches your audience most likely to meet their needs and to arouse the 
desired feelings. The semantic differential was used to measure the influence of 
mode of representation in user perception.

When offered a product in a two-dimensional (photograph or image), there is a 
wide divergence of feelings and perceptions regarding the presence of the physi-
cal product. However, this divergence is minimized when using a 3D environment. 

Table 9.3  Steps of KE type VI for the authors Artacho-Ramírez et al. [12]

Step 1 Collect a large number of words describing the product
Step 2 Group the words into categories related to the same concept (semantic axis)
Step 3 Chose a Kansei word to each category that represents the concept in order 

to evaluate the product
Step 4 Evaluate the product using the scale or semantic axis
Step 5 Interpret the semantic results obtained

Fig. 9.9  Interface used to evaluate the product. Source adapted from Artacho-Ramírez et al. [12]
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The possibility to observe the product of different points of view closer details 
move it or rotate it greatly improves their perception.

9.7  KE Type VI: Collaborative

According to Nagamachi [10], the KE type VI is constructed as a ‘system design 
group’ aided by an intelligent system and a database of Kansei words. This system 
is very useful to work together from various designers. In this type of KE is neces-
sary to have a server with software that supports collaborative design, so design-
ers can hear and see their partners working on the screen, which facilitates the 
exchange of ideas and information. The work is developed or adjusted using the 
database Kansei and following the instructions/suggestions of the system. After 
receiving the orders the company to which the product is developed, the designers 
check to see Kansei database and system.

In the system presented by Nagamachi [10], the designers begin the project 
with a meeting between members regarding the product’s specifications and then 
depart for the development of the project. To do this, you must use the Kansei 
system and database. During the process, the designers talk to each other and 
exchange ideas and feelings. Figure 9.10 illustrates the structure of this collabora-
tion system.

The collaborative design systems used the Internet to function. She has proved 
an efficient means of studies of user perception on products. The authors Kim et 
al. [13], through a study on the Internet, conclude that the evaluation method using 
virtual images of prototypes is an efficient way to analyze the impressions of the 
users of alternative products and presents a great cost benefit.

The authors Cho et al. [14] warn about how complicated it can be the analysis 
of user satisfaction, and that these high costs can be minimized with the imple-
mentation of the Internet as a means of interaction between designers and users. 
So, the KE type V can be very efficient in designing a new product, since the envi-
ronment of the Internet and its technologies have been shown to be a possibility 
of obtaining the views of consumers in a short time and with minimum effort and 
resources.

9.7.1  Case Study: Interior of Car

In the study by the authors Kim et al. [13], it is highlighted the efficiency of using 
the evaluation method for Internet using virtual prototyping. This type of evalua-
tion is a way to collect and analyze the views of several individuals on the alterna-
tives of a product early in the process of its development. In this particular case, 
the authors Kim et al. [13] analyze the perception of the car interior. Figure 9.11 
summarizes the steps of the study.
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First, the design elements of interest were selected for the job, and then the alter-
natives were generated using virtual models. Two (2) experiments were conducted: 
in the virtual environment, using virtual models, and the Internet, through images of 
virtual models. The results of the two (2) experiments were analyzed and compared 
to test hypotheses generated by the search. Finally, a more efficient experimental 
technique has been discussed and suggested based on the results achieved.

9.8  Conclusion

As can be seen throughout the text, various tools and methods are used to apply a 
kind of KE. To get the image of a product expected by users, techniques, such as 
questionnaires, analysis of semantic differential, factor analysis, multidimensional 
scaling analysis, morphological analysis, fuzzy, neural network and linear regression, 
among others are used to understand the data that will be obtained. This feature is 
independent of the type of KE used, because within the same project can be seen 

Fig. 9.10  Collaborative Kansei designing system. Source adapted from Nagamachi [10]
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the characteristics of different types of KE according to the needs of designers and 
users. Importantly, they are not mutually exclusive; more than one type of KE can be 
applied in the development of a product or support for the decision of a project.

You may notice that some procedures used are common to different types 
of KE. We can see a great interaction between them. The KE type I, for exam-
ple, uses questionnaires and surveys to support the design decision. While for 
the initial procedure of KE type II, KE type I is the initial activity of the process 

Fig. 9.11  Research framework from the study of Kim et al. [13]. Source adapted from Kim et al
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followed by the development of databases which store all the information about 
the components of the products analyzed.

The KE type I stipulates the division of the product in its fundamental elements 
to better analyze the Kansei attributes of the product and its parts, a procedure that 
observed in other types of KE. This breakdown of the components in their best units 
specifies minimum relevance, the needs and desires of the user about this product, 
which facilitates the improvements that can be introduced by the designers.

In KE type II has been based on differential and the databases that are critical 
to the KE type V, in which designers work in a network accessing the information 
stored by them (Kansei words, stock colors and shapes) to develop project.

One of the great challenges of the professional project understands the expec-
tations and desires of the users of the products they design. In teaching this pro-
fession, much debate about the need to achieve this goal; however, there are few 
tools or methods that allow a solid understanding as to the real user needs. This 
grace comes with professional trained and is reflected in products that often do not 
match the image expected of them.

Despite the designer propose creative solutions, the success of this product, that 
is, its display or not the elements that awaken the desire of consumers contemplate 
their needs and ultimately depends on the subjective sensitivity to the professional 
project develops. The designer makes design decisions in accordance with the 
understanding that your audience has, however, their actions are more informed 
on what it infers to the expectations of users. Creativity is perhaps the most promi-
nent designer’s skill, but it is an area of knowledge that is not fully understood and 
needs the support of development methodologies for consumer-oriented products 
from accurate data, KE Methodology.

In this sense, the work presented showed the KE as a methodology able to 
translate the feelings and aspirations of inaccurate product users in the design 
parameters precise and quantifiable. Thus, the project team is provided with infor-
mation that will enable decision making closer to the result expected by his audi-
ence. The versatility of the KE shows adaptable to the needs of those who apply, 
so having a methodology that satisfies the designer/company and the users/cus-
tomers/consumers.  The  survey  of  publications  on  this  subject,  shown  by  KEB, 
highlight the growing importance and responsiveness that the KE is found in 
industries and companies from different countries. In that is still necessary to pro-
mote this issue in Brazil, which has very few publications on the subject. Its diffu-
sion is needed to promote common development and welfare.
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Abstract The objective of this chapter is to describe the interaction between 
emotions and the preservation of ideas in engineering and design activities. 
Johnson-Laird’s mental model construct of internal representations is utilized to 
define cognitive resistance. A description of the interaction between emotions 
and cognitive resistance is presented. A value function that forecasts a subject’s 
 behavior when confronted with stimuli that are contradictory to his mental model 
is derived from a reinforcement learning framework. An experimental study has 
been conducted to validate the theory. The relevant results, confirming the predic-
tions of the value function, are presented.

10.1  Introduction

This chapter is about the emotional barriers that need to be overcome for engineers 
or designers to change their mind. As any engineer will know from his or her own 
experience, this does not always come naturally. I will argue that changing one’s 
mind is regulated through emotions, building on Damasio’s thoughts that emotions 
are essential to rational thinking and everyday behavior [1]. Consider for instance 
an engineer in aeronautics that has calculated the minimum height of a beam 
and is then told that this does not fit with the rest of the design. Or an industrial 
designer that has chosen a particular material for a new chair but finds this cannot 
be produced at the required cost. In both cases, we can expect that the person’s 
reaction will probably be somewhat emotional, depending on how “passionate” he 
is about his original proposal. In some cases, like in the first example, the engineer 
will hopefully defend his position and uphold the beam dimensions (assuming he 
has done the calculations correctly). In the latter case, we may hope in the interest 
of economic feasibility that the designer is inspired to change his views.
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10.2  Relation Between Emotions and Mental Models

Most engineers perform their activities under dynamic and uncertain circum-
stances. They are able to solve engineering problems and forward their work 
because they construct mental models of the world around them. Mental models 
reduce cognitive workload, and they are inherently stable in the face of contrary 
evidence, and so the assumptions underlying the mental model may diverge from 
reality. In the field of design, this discrepancy between the mental model and 
 reality may continue for prolonged periods and could actually be justified in hind-
sight, for instance if the discrepancy is temporary. Similarly, the alignment of the 
individuals in group work is susceptible to the stability of the team member’s men-
tal models.

10.2.1  Mental Model Characteristics

The existence of mental models can be explained by the limited processing capac-
ity of the human mind [2–4]. In real life, we are bombarded by a plethora of stim-
uli from which we need to distill some sense of coherence—yet minimize our 
cognitive load [5, 6]. Necessarily, mental models are simplifications of reality [7]. 
Mental models are parsimonious and holistic1 which is in fact their utility, because 
as they contain less information, they are easier to work with and free resources 
for other cognitive processes [2, 5]. Mental models allow the integration of new 
perceptions with existing information to create an overall impression and retain a 
coherent view of reality [8, 5]. Mental models reduce complexity and therefore 
stress and allow us to “go beyond the information given” to give us a feeling of 
competence and control [9, p. 401].

Based on work by Johnson-Laird and other cognitive psychologists as cited 
above, we can conclude that mental models are simplified, holistic, resilient inter-
nal representations of reality in working memory that are created and demised 
subconsciously, that guide our thinking and action and that free up cognitive 
resources. The construct seems to share some or all of its defining characteristics 
with similar constructs like “schemata,” “schema,” “scripts,” “frames” and “situa-
tion awareness.” However, the mental model construct utilized in this chapter dif-
fers from the construct by the same name that is commonly applied in the human 
factors community on four points [10–12]: it is available in working memory, it is 
created and terminated subconsciously, it is a holistic representation, and it is rela-
tively resilient.

1 Meaning that the model only makes sense as a whole; the constituent parts are unimportant and 
not easily accessible.



15110 Interaction Between Emotions and Mental Models

10.2.2  Discrepancies Between Reality and a Mental Model

On the down side, mental models also entail a risk of conjuring too much in our 
imagination [8]. Mental models are inherently stable in the face of contrary evidence 
because they guide our attention, our thinking and thus our actions [ 8, 13–16]. They 
are essentially built to pursue a given goal based on data extracted from the envi-
ronment. As a result, essential features of a problem are overemphasized, whereas 
the peripheral data may be neglected [17]. We risk missing new information [15] 
and are inhibited to try alternative approaches even when warranted [18]. The sim-
plification of reality is not a conscious act but an autonomous part of the human 
information processing function [19]. Crucial to the theory of mental models is that 
we usually represent only one possibility in our mind when reasoning, even when 
multiple options are available [14].

The creation and termination of a mental model is an autonomous, involuntary 
process that is not subject to self-reflection:

The process of construction is unconscious, but it yields a representation, and this mental 
model enables us to draw a conclusion, by another unconscious process. […] In general, the 
world in our conscious minds is a sequence of representations that result from a set of pro-
cesses, and the world in our unconscious mind is the set of processes themselves [14, p. 53]

Individuals are not aware of the creation or termination of mental models and 
cannot control these processes, just as we are not aware of many high-level pro-
cesses in problem solving and creative thinking [20]. The mental model itself is 
accessible for cognitive thought because it is in working memory, and it is used as 
a building block in subsequent steps [21].

The discrepancy between reality and a mental model has been described by 
many authors (particularly from the human factors community) in different terms 
(e.g., functional fixity, cognitive mismatch, failure to apprehend, selective attention 
deficit, fixation, perceptual set, plan continuation bias, illusion of attention, tun-
neling, perseveration syndrome, lack of cognitive flexibility, cognitive lockup). Note 
that many of these terms imply erroneous behavior on the part of the individual, 
whereas the deviation of the mental model from reality is actually an inherent con-
sequence of its functionality. For the purpose of the current study, a new term for 
this construct is proposed that better matches the phenomena under consideration: 
cognitive resistance. In this work, cognitive resistance is defined as the capacity to 
endure contradictory stimuli from the environment until reflection on the assump-
tions underlying the mental model. During cognitive resistance, new perceptions are 
ignored or interpreted in such a way that they fit the existing mental model.

10.2.3  The Role of Emotions

Authors like Donald Schön [22] suggest that emotions may contribute to the res-
olution of cognitive resistance. In Reflective Practice, the designer reflects on 
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his own work to enable progress after “pleasing […] or unwanted” surprises. He 
suggests that surprise is the trigger for engaging in a reflective mode of thinking 
(i.e., demise of the existing mental model):

When intuitive, spontaneous performance yields nothing more than the results expected 
for it, then we tend not to think about it. But when intuitive performance leads to surprises, 
pleasing and promising or unwanted, we may respond by reflection-in-action [22, p. 56].

From this description follows that according to Schön, surprise is a necessary 
condition for reflection, and therefore, “being surprised” reduces cognitive resist-
ance. Other emotional responses such as anger similarly seem to have an effect on 
cognitive resistance:

Participants in the game not infrequently became attached to a particular reading of the 
prototype, and treated an alternative reading as a threat, which provoked an angry and 
defensive reaction [23, p.145].

Other authors, building on Schön’s work, have corroborated the effect of dif-
ferent emotions on mental model preservation in design. Akin [24] describes the 
surprise in what he calls the “Aha! Response” when existing ideas are successfully 
challenged. Kleinsmann [25, pp. 170–179] presents an example where reflection is 
inhibited, and current thinking persists due to anger. Each of these cases highlights 
that conflicts may arise in team settings due to the challenges to the mental models 
of the individual team members. In some cases, these emotions may initially seem 
disruptive, but actually turn out to be fruitful (cf. [26]), because they support the 
development of the team mental model [5, 27].

Mandler’s Theory of Discrepancy and Interruption [28] replicates Schön’s 
thinking, reserving a central role for interruptions. Mandler proposes that “inter-
ruption is a sufficient and necessary condition for the occurrence of autonomic 
arousal.” He writes:

“A new input that activates a new schema may be interrupting, if the new schema is 
incompatible with the old, if it contradicts the operation of the old structure or, more gen-
erally, if it provides evidence that it […] cannot be assimilated by the existing structures”.

In contrast to Reflective Practice, Mandler suggests that the interruption may 
lead to different, specific types of emotion, depending on “factors other than the 
interruption itself.” The emotions can be either positively or negatively valenced. 
Mandler does not qualify the effect of different interruptions according to elicited 
emotion types.

The Somatic Marker Hypothesis has been influential in highlighting 
the role of affect in rational decision making. The hypothesis was posited to 
account for the role of emotion in the decision-making process [29]. This the-
ory states that previous emotional experiences are reactivated whenever indi-
viduals face a situation that has previously been “categorized” (i.e., marked 
somatically). This then supports future decision making in a similar context 
[30]. Research findings indicate that an emotional response is triggered before 
conscious reflection.
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The Communicative Theory of Emotions complements Johnson-Laird’s 
mental model theory [14] cited earlier. According to the communicative theory of 
emotions, subconscious evaluations trigger emotions as signals to direct attention, 
mobilize the body, and to prepare for appropriate behavior [31, 32]. Emotions set 
the brain into specific states to coordinate our multiple goals, given our limited 
intellectual resources, and initiate reasoning [14, p. 87]. The communicative the-
ory of emotions proposes that emotions are triggered subconsciously to activate 
consciousness, implying a role in reflection and demise of the mental model. The 
type of emotion influences our intentions.

The Dual Process Theory of Reasoning [33] has attracted much research 
within psychology and according to Johnson-Laird [21] aligns with the mental 
model theory of reasoning. In dual process terms, system 1 and system 2 are 
in conflict if the inherent resistance of the mental model leads to a sufficiently 
large mismatch with reality. Different authors have shown that affective pro-
cessing is engaged if system 1 and system 2 are in conflict. This is even the 
case when deliberate thought processes are restrained, and individuals respond 
intuitively, that is, they reject the challenge to the mental model [34, 35]. There 
is no activation of these specific brain regions without conflict, that is, if the 
conflicting stimuli are not perceived because they do not surpass the percep-
tion threshold. Baumeister and Masicampo [36] have recently proposed that 
conscious thought influences behavior only indirectly. They suggest that emo-
tions “serve to stimulate conscious reflection on past and future events” and 
serve as feedback to learn from past actions, as a bridge between subconscious 
(system 1) and conscious thought (system 2). For instance, negative emotions 
seem to stimulate counterfactual and detail-oriented thinking, and regret and 
guilt promote learning [37].

The functional nature of emotions reflects the paradigm of evolutionary 
psychologists (e.g., [38]). They suggest that emotions are a flexible response to 
stimuli from the environment. A large discrepancy between reality and an existent 
mental model can be life threatening and may be signaled by emotions. Emotions 
are considered by evolutionary psychologists to be functional in terms of our evo-
lutionary, biological and/or social survival: they stimulate behavior that allows us 
to pass on our genes, to stay alive at least long enough to reproduce and care for 
our offspring and to maintain social cohesion in support of our fitness and survival 
[39]. Emotions enable a more flexible response to particular stimuli than reflexes 
or habits permit because they are goal oriented rather than action specific [40]. 
The elicitation of emotions costs energy and so from a purely biological point of 
view would appear to require clear benefits.

Most authors, starting with Charles Darwin [41], at least agree that emotions 
were originally functional for the survival of the species. Frijda [42] similarly 
agrees that “emotions are largely viewed as adaptively useful,2 or at least have 
been in the evolutionary past.” Some emotions may now be “mere obsolete  

2 In the meaning of “functional for survival”.
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remnants,” although “by and large, emotions and emotional actions are still 
 generally adaptive in about the original sense.” Frijda goes on to state that other 
emotions like joy, excitement, curiosity and grief are functional in the non-adap-
tive sense (i.e., functional but not necessary for the individual’s survival). Oatley 
[43] extends the label of functionality to most (if not all) emotions, stating that 
emotions are predominantly aimed at mediating social relationships and are 
deemed functional in the context of our interdependency with other human beings.

In contrast, evolutionary psychologists (e.g., [38]) consider even these emotions 
“adaptive,” because they promote the reproduction of genes in the self, children 
and relatives (instead of just the survival of individuals). Those able to “read the 
intentions of others and engage their solicitude would be more likely to survive 
and prosper” [44]. Emotions support “social survival” by helping to form and 
maintain social relationships and a social position relative to others [45]. Even 
though all or at least most emotion types can be deemed functional from a bio-
logical perspective, this of course does not imply that in all specific instances 
emotions are useful or advantageous. This is dependent upon the specific circum-
stances and the emotion regulation that is embedded in this specific occurrence of 
the emotion [46].

The model of Intentional Dynamics [47] explains how both error and surprise 
are inevitable as individuals struggle to keep pace with changes in a dynamic envi-
ronment. The authors consider this model a first step to merge the theories of cog-
nitive psychology with the practical concerns of human factors. The model shows 
how interaction with the environment (ecology) is driven by assumptions about 
reality (belief). The authors stress that beliefs are generated by the integration of 
continuous interaction with the environment over time rather than discrete memo-
ries of specific moments. The interface “compares or mediates” the consequences 
of an action with intentions and expectations. The interface is able to trigger a 
modification to the beliefs through a “surprise” or to discount the information. The 
authors incorporate in the “interface” both the media of perception (e.g., stimuli 
and field of view) and the mechanisms of perception (e.g., receptors, short-term 
sensory store and perceptual encoding).

In summary, from the literature, ample evidence is available to suggest that 
emotions play a moderating role in the demise of a mental model. Both the elicita-
tion of emotions and the type of emotion (if elicited) seem to be relevant.

10.3  Value Function

In the previous section, it was suggested that emotions play a moderating role in 
the demise of a mental model. This can be modeled using a reinforcement learn-
ing framework, as this is a broadly applicable tool to frame the problem of learn-
ing from interaction to achieve a goal [48]. The use of the reinforcement learning 
framework in the context of cognitive resistance is justified by the proposed adap-
tive nature of stimulus matching and the ability of the framework to incorporate 
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the interaction of emotion types. The framework has been applied to model similar 
types of psychological processes in the past [49,50].

10.3.1  Reinforcement Learning Framework

A reinforcement learning framework assumes a learner/decision maker (called 
agent) that interacts with an environment (comprising everything outside the 
agent). The agent and environment interact continually, the agent selecting 
actions and the environment responding to those actions by presenting new situ-
ations (or system states) and giving rise to rewards. In reinforcement learning, it 
is presumed that the actions of the agent are driven by its expectations of future 
rewards and the aim to maximize these. The real future returns are not initially 
known by the agent until it gains experience about the probabilities and rewards 
associated with state transitions through repetitive trials and updates its expec-
tations accordingly. The convergence between the real rewards and the agent’s 
estimation of the rewards constitutes “learning” in the reinforcement learning 
framework [48].

In the current context, the agent is proposed to be the subconscious controller of 
the process step that decides whether to maintain (preserve) or demise the mental 
model, so-called stimulus matching. This controller maintains an optimum balance 
(the goal) between ignoring irrelevant stimuli (thereby saving resources) and act-
ing (i.e., reflecting) upon significant stimuli in the interest of survival. The agent is 
expected to adapt its behavior over time, depending on the perseverance of contra-
dictory stimuli. The framework requires that the reward mechanism is external to 
the agent [48, p. 53]. The subconscious controller that matches stimuli should be 
independent of the appraisal mechanism that triggers emotional responses. This is 
justified for the current context by the suggestion that these processes occur in sepa-
rate brain areas: the limbic system for appraisal and emotional response, and the 
cortex for stimuli matching [51]. The action choices available in stimulus match-
ing (the agent) are (1) to reflect on the stimulus that contradicts the assumption 
underlying the current mental model or (2) to ignore the stimulus and preserve the 
mental model. The adaption of agent’s behavior depends on the feedback (state and 
reward signals) it receives from the environment. The state signal is the stimulus 
that represents the discrepancy between reality and the mental model. The emotion 
type of the elicited emotional response represents the reward mechanism; negatively 
valenced emotions being valued as a negative reward (i.e., penalty). The reinforce-
ment learning framework in the context of cognitive resistance is shown in Fig. 10.1.

The agent is expected to behave so as to maximize its expected future rewards. 
A distinction needs to be made between the real returns that actually follow from 
the agent’s actions and the agent’s estimation of the expected returns. Only the lat-
ter drives the agent’s behavior, but the former drives the rewards or penalties the 
agent experiences and therefore indirectly allows the agent to update the estima-
tion of the expected returns.
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10.3.2  Real Returns

The real return for the agent depends on the actions he selects: either to reflect on 
the stimulus or to preserve the mental model at each time step3 that he encounters 
a contradictory stimulus. It is proposed that reflection results in a significant nega-
tive reward (i.e., a penalty) due to the additional burden on the mental processes. 
Additionally, it is proposed that negatively valenced emotions constitute a negative 
reward and positively valenced emotions represent a positive reward. If the agent 
chooses to reflect, the episode is terminated. If the agent chooses to preserve the 
mental model, the episode continues, as cognitive resistance is defined by the 
capacity to endure contradictory stimuli until reflection.4 Therefore, the real future 
return (Rt) for the whole episode from a time step (t) until reflection at some time 
step (k) in the future and preservation of the mental model at all time steps until 
then is defined as follows5:

Under the conditions that discounting can be disregarded6 and

3 An analogous analysis is warranted in the context of continuous time.
4 In real life, contradictory stimuli may—and often do—extinguish, of course.
5 An important assumption is that all of the relevant history of the environment is represented 
in each state signal, so that these have Markov properties, and the reinforcement learning frame-
work represents a Markov decision process.

(10.1)Rt = r reflect
+

∑k

j=0
r ignore( j)

6 This simplification allows us to disregard the non-contradictory stimuli that are usually inter-
spaced between the contradictory stimuli and is allowable for the qualitative discussion in this 
section.

(10.2)k, j ∈ N; k ≥ j ≥ 0
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Emotion type 
(Reward rt )
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Appraisal & 
emotional 
response

Primary 
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Fig. 10.1  Reinforcement learning framework for cognitive resistance, showing emotion as a 
penalty or reward for preserving a mental model
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where

•	 Rt

(
k, r ignore( j)

)
 is the real future return at time t for the whole episode.

•	
•	 k is the number of time steps with contradictory state signals until reflection.
•	 j is a counter for time steps with contradictory signals.
•	 r ignore ( j) < 0	for negative emotions and r ignore ( j) > 0  for positive emotions.
•	 aj is the action taken at time step j, the action is to ignore the contradictory stim-

ulus every time step except the last (k).

Equation 10.1 shows that the real future return (Rt) at time step (t) is depend-
ent upon the future actions (or policy) of the agent in that the agent may choose to 
reflect at any time step with a contradictory stimulus (k) in future.

10.3.3  Returns Expected by the Agent

In reinforcement learning, the agent is not initially aware of the real future 
rewards. The agent is assumed to update its expectations of the future returns at 
each time step through the reward or penalty that is experienced, without necessar-
ily having a model of the environment’s dynamics. This constitutes a so-called 
temporal-difference learning situation [48]. In temporal-difference learning, the 
current estimate of future rewards is updated by the reward or penalty that is 
incurred by the action taken at each time step. Mathematically, the update of the 
estimate of future rewards (or value function7) is defined as follows:

where

•	 V (st ) is the current estimate of the value function in state st.

•	 α is a constant indicating the learning rate at which the current estimated value 
function is updated (0 < α < 1) .

•	 rt+1 is the immediate reward at time t + 1 following the action at in state st.

•	 γ is the discount factor for future rewards in comparison with immediate 
rewards (0 < γ ≤ 1) .

(10.3)a j ∈ {ignore, reflect}

(10.4)∀ ( j < k) : a j = ignore

(10.5)ak = reflect

r reflect
≪ 0.

7 Following [48], we use the term “value function” to denote the expected future rewards if the 
agent follows a particular set of consecutive actions (a so-called policy).

(10.6)V (st ) ← V (st ) + α
[
rt+1 + γ V (st+1) − V (st )

]
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From Eq. 10.1, it follows that in the context of cognitive resistance, the 
expected return is independent of the state (st ), if the time steps with contradictory 
signals only are regarded. By substituting V(j) for V (st ) and V ( j + 1) for V (st+1) 
and ignoring discount (γ ∼= 1), it follows that as long as the agent does not reflect 
(and therefore, the episode does not terminate, i.e. j < l)

The agent’s expected total return for each of his choice of actions (
a j ∈ {ignore, reflect }

)
 is therefore

where

•	 Va ( j) is the current estimate of the value function for action a at time 
j; Vignore(0) is as yet undefined.

•	 j is a counter for time steps with contradictory signals only; j ∈ N.
•	 α is a constant indicating the learning rate at which the current estimated value 

function is updated (0 < α < 1) .

•	 r ignore( j) is the immediate reward at time j following the action to ignore at time 
j−1, varying with the time steps (j).

•	 r reflect is a significant negative constant reflecting the penalty of reflection (
r reflect

≪ 0
)

.

The agent is expected to choose a sequence of actions (a policy) that is greedy 
and therefore predominantly aims to maximize total return [48]:

The agent will choose to ignore the contradictory stimulus at j = 0 (necessary 
for cognitive resistance to occur) under the condition that

The agent knows by previous experience that reflection will result in a sig-
nificant negative reward due to the additional burden on its mental processes (
r reflect

≪ 0
)
. For Eqs. 10.11 and 10.13 to be true, the agent may assume — based 

on previous experience — that the contradictory stimulus is temporary and will go 
away. As the contradictory stimuli persevere, the agent will update its expectancy 
for future rewards with the repetitive rewards and penalties that it is experienc-
ing according to Eq. 10.9. As indicated above, negatively valenced emotions con-

(10.7)Vignore ( j + 1) = Vignore ( j) +
α

1 − α
r ignore ( j + 1)

(10.8)∀ j : s j = contradictory stimulus

(10.9)∀ j > 0 : Vignore ( j) = Vignore ( j − 1) +
α

1 − α
r ignore( j)

(10.10)Vreflect ( j) =r reflect

(10.11)Vignore ( j) > Vreflect ( j) → a j = ignore

(10.12)Vignore ( j) < Vreflect ( j) → a j = reflect

(10.13)Vignore (0) > Vreflect (0) = r reflect
→ a0 = ignore
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stitute a negative reward: r ignore ( j) < 0; positively valenced emotions represent a  
positive reward r ignore ( j) > 0. At some point, the expected penalties for preserva-
tion may exceed the penalty for reflection (i.e., Eq. 10.12 is true), and the agent 
will choose reflection instead of preservation. The value of r ignore ( j) in Eq. 10.9 
is proposed to depend on the emotion type that is elicited during cognitive resist-
ance. That is, the speed in which the agent’s expected return is adapted is sensitive 
to the emotional penalty (or reward) which he experiences each time he chooses to 
ignore the contradictory stimulus and maintain his mental model.

10.3.4  Emotion Types

The speed of learning in the reinforcement learning framework has been shown to 
be dependent upon the emotional penalty (or reward) which the agent experiences 
each time he chooses to ignore the contradictory stimulus and maintain his mental 
model. The penalties are discussed for the most relevant emotions in this section.

Joy is defined as the positively valenced emotional response to an actual event. 
Synonyms include pleasure, contentment, cheerfulness, delight, elation, euphoria, 
gladness and happiness [52]. Joy8 is elicited after an event is appraised as pleasur-
able. Positive emotions are generally associated with the ability to switch attention 
[53] and to broaden-and-build9 [54]. All positive emotions include “acceptance” 
of a situation [55, p. 85] — emphasized for instance in satisfaction and relief. 
“Positive affect […] tends to facilitate a receptive and holistic, rather than [an] 
active, analytical mode of attention” [55, p. 73].

Surprise is defined as the non-valenced emotional response to an unexpected 
actual event. It includes attentional activity, novelty and unexpectedness. Surprise 
is elicited after a violation of expectancy [56]. It is associated with a tendency 
to attend to the cause of the surprise, bringing the event into consciousness, as 
described in much of the design literature.

Distress is defined as negative affect about an undesirable event. Synonyms 
include depressed, distressed, displeased, dissatisfied, distraught, feeling bad, feel-
ing uncomfortable, grief, regret, sad, unhappy, etc [52]. Distress (or sadness) is not 
directed at an agent, but is a response to an event [52].

Anger is a negatively valenced compound response to a consequence of 
an actual event and the attribution of its cause to the action of an other agent. 
Synonyms include annoyance, exasperation, fury, indignation, irritation, offended, 
etc [52]. Anger’s adaptive function is to oppose, overcome and master obstacles 
[57]. Anger is aimed at repelling the other agent [57].

8 Joy will be used as the general term to describe the positively valenced emotions in this 
chapter.
9 That is, “to broaden thought-action repertoires and lead to actions that build enduring personal 
resources” [54].
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Remorse is the negatively valenced compound response to a consequence of an 
actual event and the attribution of its cause to the action of self. It is a mixed emo-
tion of shame and distress. Synonyms include penitent, self-anger, embarrassment 
etc [52]. Remorse is focused on blaming oneself, trying to undo the situation, and 
even wishing to disappear [58].

10.3.5  Prediction Using the Value Function

In this section, a dynamic model for cognitive resistance was developed using 
a reinforcement learning framework to allow the analysis of the episodic nature 
of mental model preservation, in which emotion type has an effect on cognitive 
resistance and a cumulative effect of contradictory stimuli on the probability of 
reflection is assumed. From the descriptions of the emotions given above, it fol-
lows that the rewards associated with each emotion type is as follows:

•	 Joy is positively valenced, therefore associated with a (positive) reward;
•	 Distress is generally moderately negatively valenced and therefore associated 

with a moderate penalty;
•	 Anger is generally strongly negatively valenced and associated with a high penalty;
•	 Remorse is also strongly negatively valenced and associated with a high 

penalty;
•	 Surprise is not associated with a penalty or reward but with a tendency to attend 

to the cause, bringing the event into consciousness; and
•	 If no emotion is elicited, then the associated reward or penalty is close to zero, 

and there is limited tendency to attend to the cause.

Based on these estimations and the value function defined by Eqs. 10.9 and 
10.10, it follows that emotion-type biases stimulus matching, such that surprise 
leads to immediate reflection, joy inhibits reflection, distress leads to a slow rate 
of reflection, anger leads to rapid reflection, remorse leads to a moderate rate of 
reflection, and reflection is inhibited if no emotion is elicited.

10.4  Experimental Validation

In this chapter, we have proposed that emotions are instrumental in signaling a 
discrepancy between reality and an existing mental model. We have predicted the 
effect of different emotion types using a reinforcement learning framework. These 
predictions have been tested empirically (see [59] for a full account), utilizing a 
number reduction task. This task was used by Wagner and colleagues [60] to iden-
tify reflection through an abrupt change in behavior and was originally developed 
by Thurstone and Thurstone. In total, 81 engineers from universities and industry 
participated in the experiment.
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The results from the study show that emotions are elicited in the course of 
 cognitive resistance. The predictions for the interaction of components of cogni-
tive resistance have been validated:

•	 Joy was not observable directly before reflection, as predicted by the value 
function;

•	 Surprise largely led to immediate reflection;
•	 Distress was shown to loop back to itself, therefore leading to a low rate of 

reflection;
•	 Anger leads to reflection in one-third of the cases;
•	 Remorse leads to a moderate rate of reflection; and
•	 Reflection is inhibited if no emotion is elicited despite the contradictory stimuli.

In Fig. 10.2, the emotions are shown that are elicited during the course of the 
experiment for consecutive contradictory stimuli. These results lend credibility to 
the suggestion that a reinforcement learning framework as introduced in this chap-
ter can be utilized to model cognitive resilience.

10.5  Conclusion

The prime objective of this chapter was to describe the interaction between 
emotions and the preservation of ideas in engineering and design activities. Three 
main points have been presented. Firstly, the interaction between emotions and 
internal representations (called mental models) has been discussed. That is, a 
stimulus that contradicts an existing mental model will trigger the elicitation of an 
emotion. The type of elicited emotion is dependent on the circumstances but also the 
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Fig. 10.2  Exit probabilities for emotions at consecutive contradictory stimuli (frequencies 
<2.5 % have been ignored; sum of exit probabilities = 100 %)
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personal disposition of the subject at that time. Secondly, the valence of the emotion  
(i.e., whether it is pleasurable or not) can be considered a cost or a benefit for the sub-
ject. Therefore, in this chapter, a value function for the interdependency of emotions 
and mental models has been derived. This value function forecasts a subject’s behav-
ior when confronted with stimuli that are contradictory to his mental model. Finally, 
results of an experiment which corroborates the predictions of the value function for 
the interaction between emotions and a mental model have been presented.

The findings of the current work contribute to the science of design method-
ology by providing a theoretical and empirical foundation for the study of the 
resistance of mental models and emotions. The interaction between emotions and 
reflection that have been suggested by Schön has been validated. This study also 
contributes to previous attempts to relate emotions to design performance, by sug-
gesting that the relationship may not be a direct one. Rather, the findings of this 
study suggest that emotions are influential in achieving reflection, and reflection 
may or may not improve performance. Practical examples of cognitive resistance 
in design can help designers and managers to recognize the subconscious and cog-
nitive processes that are involved in designing complex systems.
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Abstract Product quality is one of the critical issues to be competitive in the 
global marketplace. In addition, food production companies are strongly required 
to control high quality of products in their production lines. Contaminations such 
as metallic, plastic or organic substances are often harmful to human body and 
should be eliminated completely. Therefore, machine inspections, such as X-ray 
or fluorescence spectrum methods, are effectively used to eliminate these con-
taminating substances. However, the final inspections are taken care of by human 
inspectors to make sure the product quality is kept in the required specifica-
tions. Since contaminations are not perfectly eliminated by machine inspections, 
human inspections are required to cover the un-eliminated ones. However, this is 
not the only reason why the human inspectors are involved in the quality control. 
Even though there is no contamination in the products, appearance of products 
may decrease the quality of the products. For example, most customers would 
buy Tofu with some air bubble, whereas some customers do not purchase such 
Tofu which contains many air bubbles, even though air bubble has nothing to 
do with the taste of Tofu. Therefore, human inspectors review the Tofu package 
to check the products containing the air bubble, which is hard to be processed 
by machine inspection. This study proposes image-processing-based air bub-
ble detection method on Tofu packages to inspect the product quality. Based on 
the results of air bubble detection on the Tofu package, the evaluation is made 
on each package. The study applied an evaluation criterion based on the experi-
ments. However, the results are not always identical to those by human inspec-
tion because of the disagreement of threshold value in evaluation. This chapter 
presents the image-processing air bubble detection method to determine the qual-
ity of Tofu products and discusses the feasibility of this method in comparison 
with the human inspection results.
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11.1  Introduction

Consumers’ requirements towards high-quality products are getting higher in 
many areas. In addition, food production companies are strongly required to con-
trol the high level of product quality in their production lines [1]. The contamina-
tions such as metallic or plastic, organic materials are harmful to human body and 
have to be eliminated completely. Therefore, machine inspections, such as X-ray 
[2] or fluorescence spectrum methods [3], are used to effectively eliminate these 
contaminations. However, the final inspections are taken care of by human inspec-
tors to make sure the product quality is kept within the required specifications. The 
reason why the human operator is involved in the final stage of production is not 
only the fact that the inspection cannot be carried out only by machine processing, 
but also the consideration that the evaluation with respect to consumers’ perspec-
tives is very critical. This is based on the observation of the authors from the dis-
cussion with manufacturing people.

In the meantime, there is a strong demand for higher quality products with 
lower costs and shorter time-to-market to be competitive in the worldwide mar-
ketplace. Therefore, the optimization of costs, quality and time in the product 
development process is critical factors to be competitive in the marketplace [4]. 
Furthermore, customer requirements are becoming increasingly individualized and 
diverse. The number of items to be considered is growing larger in the latter phase 
of the design–production process [5]. The appropriate decision in the upper phase 
of design could possibly dramatically reduce this number. These circumstances are 
rather regarded as profit-oriented approach.

However, sometime it would be beneficial if the customers to be involved in 
product design in their early stage of production. For example, emotional quali-
ties such as product’s aesthetics, which are regarded as one of the critical factors 
in products, should be well reviewed at the early stage of design because it would 
contribute to this trend of customer-oriented product development [6–8].

For food production, on the other hand, customers may sometime be involved 
in the product design to provide a voice of customer. However, another critical 
involvement of customer in food manufacturing would be in the evaluation stage. 
Food product is evaluated by the customers, who make the decision on the product 
in a store whether they purchase it or not. Therefore, the involvement of customer 
in the evaluation phase is critical for food manufacture [9]. Therefore, the reason 
why human inspector covers the final stage of inspection is not only the fact that 
contamination is not perfectly eliminated by machine inspections, but also the fact 
that appearance of products sometimes may decrease the quality of products. For 
example, too much air bubble in Tofu often reduces the quality of products, which 
are sometimes regarded as defective products. Tofu is one of the products in which 
air bubble strongly related to product quality. Even though air bubble has nothing 
to do with the taste of Tofu, customers do not purchase such Tofu which contains 
many air bubbles. However, machine inspection is not so good at determining the 
quality of Tofu in terms of air bubble occurred in production. Therefore, human 
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inspectors review the Tofu package to eliminate the defective products because of 
the air bubble, which is hard to be processed by machine inspection [10].

This study is to clarify how the human inspectors make decision if the Tofu pack-
age should be delivered or to be abandoned. In order to do so, an image-processing-
based air bubble detection method on Tofu packages is proposed. The processing is 
composed of seven sub-processes including image loading, extraction of inspection 
area, screening of air bubble inspection image, pre-processing, cell partitioning, air 
bubble detection and quality judgment. After air bubble is detected on the Tofu pack-
ages, the results are used to determine whether the product is produced to be sold or 
defective product not to be sold. The study applied an evaluation criterion based on 
the experiments. However, the results were not identical to those by human inspection 
because of the disagreement of threshold value in evaluation. Therefore, three differ-
ent types of calculation methods, which are mean value in histogram (NMH), differ-
ential value calculation (DFV) and neural network-based calculation (NNV), were 
proposed and compared by using sample images. Two types of partitioning methods, 
cell-based partitioning (CPP) and quadtree-based partitioning (QTP), were also pro-
posed and compared by using sample images.

This chapter presents the image-processing air bubble detection method to 
determine the quality of Tofu products and discusses the feasibility of this method 
in comparison with the human inspection results.

11.2  Tofu Production and Quality Control

Tofu is one of the very popular Japanese handmade products and can be seen in many 
Japanese dishes. Figure 11.1 shows some of the typical Tofu dishes. One of the sim-
ple recipes is Hiyayakko, or cold Tofu, with toppings such as shavings of dried bonito 
or shavings of ginger with soy source. Yudofu, or boiled Tofu, is also a very popular 
recipe, including blocks of Tofu simmered in hot water along with vegetables.

Traditionally, Tofu is made from soy beans by a handmade manufacturing pro-
cess. Typical manufacturing process of Tofu is shown in Fig. 11.2. After soak-
ing soy beans, the beans are grinded to crush, the crushed beans are boiled and 
squeezed to obtain soy milk by filtering out Okara. Okara itself is also a food 
for cooking. Then, adding Nigari to the soy milk, the mixtures are poured into a 

Fig. 11.1  Typical Tofu recipe examples
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moulding box, putting some pressure on it for a while. When Tofu is ready, it is 
taken out of the box, cut and cooled down. Since Tofu is perishable food, its eat-by 
date is very short. Moreover, Tofu is not suitable for automated production and, 
historically, has been one of the handmade products. However, filling machine 
technology [11] made it possible to implement automation of Tofu.

In the automation, soy milk and Nigari are directly filled into a plastic container 
and it is sealed as shown in Fig. 11.2. Then, coagulation occurs inside the sealed 
container, and Tofu can be made under germ-free conditions. Since the filling 
process is carried out under sterilization, the Tofu made by filling production has 
much longer product life, namely longer eat-by date. Product inspection is given 
to Tofu at the final stage of production to avoid contamination and damages and to 
provide high-quality Tofu.

Figure 11.3 shows some of the examples of contamination of foreign sub-
stances, such as hair, metal, stone, paper. Foreign substances could be checked and 
removed by various technical methods, for example, scanning electron microscopy 
(SEM), energy-dispersive spectroscopy (EDS), Fourier transform infrared spec-
troscopy (FTIR), vibration screening, specific gravity screening, image inspec-
tion screening, chemical analysis screening. Since contamination is not perfectly 
eliminated by machine inspections, human inspections are required to cover the 
final inspection. Even though there is no contamination of foreign substances in 
products, appearance of the products may increase or decrease the quality of the 
products. For example, if air bubble is happened in products, it often decreases 

Fig. 11.2  Flow of basic Tofu production and its manufacturing production
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the quality of products and may become a problem in some products. Tofu is one 
of these products in which air bubble strongly related to product quality. Even 
though air bubble has nothing to do with the taste of Tofu and passes the contami-
nation tests, some customers may not purchase such Tofu which contains many air 
bubbles. Therefore, human inspectors review the Tofu package to eliminate those 
products which contains the air bubble. These kinds of screening are hard to be 
processed by machine inspection methods mentioned above.

Figure 11.4a shows an example of Tofu which passed the inspection, whereas 
Fig. 11.4b shows an example which did not pass the inspection because of the 
air bubble. In both cases, taste of Tofu is similar and no harm is given to human 
health if it is eaten. However, some customers do not purchase the product shown 
in Fig. 11.4b. Therefore, the judgement is quite based on emotional feeling of cus-
tomers and nothing to do with the Tofu taste or functional requirements. This emo-
tional quality inspection is out of range of quality inspections which have been 
conducted so far.

11.3  Emotional Quality Inspection for Air Bubble Detection

Generally, customers see the products not only based on its functionality and its 
value, but also based on its aesthetic view. For example, aesthetic value is dete-
riorated due to air bubbles in Tofu. Aesthetic surface of Tofu is one of the product 
attributes that could attract emotional attachment to the customer. Air bubble in 
Tofu products affects consumers’ feeling towards the product, which means that 
customers lose the feeling of purchase by air bubble. Therefore, air bubble should 
be avoided by any means.

Fig. 11.3  Contamination of 
foreign substance examples
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Considering with the human inspectors’ quality evaluation (HOV) procedures, 
this research clarifies the evaluation criteria based on HOV and proposes an image-
based air bubble detection method which could be comparable to HOV. This section 
also discusses the feasibility of this method in comparison with HOV results.

11.3.1  Basic Procedure of Air Bubble Inspection

An air bubble detection procedure is designed based on a general image-process-
ing/recognition procedure as shown in Fig. 11.5.

Process flow of air bubble detection is as follows:

11.3.1.1  Pre-processing

1. Image loading and extraction of inspection area from the loaded image.
2. Grey scaling from the loaded colour image.
3. Image histogram preparation based on the grey-scaled image.
4. Measurement of width W and maximum peak MP in the histogram.
5. Calculation of threshold value (TV) based on (W, MP) for binary image pro-

cessing. (*)

11.3.1.2  Feature Extraction

6. Cell partitioning: Image is partitioned to cells CL = {cl1, cl2, …, cnMN} by 
meshing M × M. (**)

7. Cell values setting: Average cell value ACV = {acv1, acv2, … acvMN} calcu-
lation for each cell.

8. Cell binarization: ACV value is given to each cell.
9. Image binarization: Binary image processing. Based on ACV, each cell is given 

0 if acv < TV, or 1 if acv > TV.
10.  Block labelling: Adjacent cells are grouped together as a block cell, and each 

block of cells is given a unique label name BL = {bl1, bl2, …, blN}.

Fig. 11.4  Tofu not passed the inspection and Tofu passed the inspection
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11.3.1.3  Recognition

11.  Centre position of each block is calculated as BLC = {bl1(x, y), bl2(x, y), …, 
blN(x, y)}.

12. Area size of each BL is calculated as BLS = {bls1, bls2, …, blsN}.

11.3.1.4  Judgment

13. Evaluation: E = f(BL, BLC, BLS) is calculated to evaluate the image.

11.3.2  Histogram-Based Screening Procedure

Histogram-based screening method was used to make decision on the existence 
of air bubble in the image. Figure 11.6a shows a sample image with air bub-
ble, and Fig. 11.6b shows a sample image without air bubble. Figure 11.6c, d 
shows the histogram for Fig. 11.6a, b, respectively. The existence of air bubble 
is recognized by the peak value, and the number of peaks in histogram is shown 
in these figures. A histogram-based screening program was implemented in this 
study.

Fig. 11.5  Basic flow of air 
bubble detection based on 
image-processing approach
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11.3.3  Evaluation Function

As for judgment on the image to check whether it is OK or NG, the scheme 
E = f(BL, BLC, BLS) is defined as the evaluation function. The evaluated values 
S2–S5 are shown in Table 11.1.

Counting the number of air bubble BL, and measuring the size of air bubble 
BLS, the product quality is determined as OK or NG based on the Table 11.1.

11.4  Comparison of Threshold Value Calculation

The basic procedure for air bubble detection was implemented as described in the 
previous Sect. 11.3. Comparison of air bubble detection performance between 
human inspector and machine inspection could be possible using this basic 

Fig. 11.6  Difference of histogram used for histogram-based screening procedure

Table 11.1  Evaluation 
criteria

Bubble size Allowed #

S5 >5 mm 0
S4 <5 mm, >4 mm 1
S3 <4 mm, >3 mm 3
S2 <3 mm, >2 mm 9

Note 1 * S4 is equal to 2 * S3
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procedure. However, in order to improve the performance of this basic procedure, 
two types of modification were considered. One is threshold value calculation and 
the other one is partitioning procedure modification, which are shown in Fig. 11.5. 
This section describes the first modification, and the next section covers the  
second modification.

Three types of calculation method were designed and implemented in the 
procedure, which are mean value calculation (MNH), DFV and NNV. These val-
ues were compared with the value given by a human inspector, which is the target 
value (HOV). Further details regarding these calculations are shown in the follow-
ing subsections.

11.4.1  Mean Value in Histogram

Mean value in the grey histogram MNH is calculated as MNH = mean(mean(image 
(:, :)). The threshold value (TV) is determined by TV = MNH + offset.  
Offset = 0.01 * MNH.

11.4.2  Differential Value Calculation in Histogram 

Differential value is calculated around the bottom area of the peak signal using the 
following algorithm.

t = 50;
for i = 1:size(h,2) − 1

dh = h(i + 1) − h(i);
if(dh >= t)

th = i;
break;

end
end
DFV = th −1;

11.4.3  Neural Network-Based Calculation 

Peak value and bottom width of the envelope curve were read from the density 
histogram as an input signal for neural network. The target threshold is determined 
by a human inspector as a training datum. Then, the threshold value is calculated 
by the trained neural network. Table 11.2 shows an excerption from the training 
data as an example.
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11.4.4  Comparison of Three Methods of Calculation

Threshold value (TV) in 72 samples was calculated by the three methods described 
above. These were compared each other to see if there is any significant difference 
as opposed to HOV. The subsections below show the results of comparison in terms 
of TV itself, bubble detection and quality evaluation using the evaluation function.

11.4.4.1  Comparison of TV

Figure 11.7 shows the result of comparison regarding TV in each sample. Significant 
difference was recognized between the TV values calculated by three methods and 
HOV, in sample #54, #71, #72 and #83. Overall, NNV is the most close to HOV.

11.4.4.2  Comparison of Bubble Detection

Figure 11.8 shows the result of comparison regarding bubble areas in each sample. 
Overall, NNV is most similar to HOV.

Table 11.2  Excerption of neural network training data

P # 1 2 3 4 5 6 7 8 9 10 11 12
PK 183 187 178 171 161 171 155 161 194 200 180 192
WD 29 3 30 20 22 28 38 28 28 29 22 18

T TV 180 183 175 166 156 164 153 158 192 195 176 189

Fig. 11.7  Comparison of TV value by MNH, DFV and NNV
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Figure 11.7 shows the graph of error in MNH, DFV and NNV from the target 
value HOV. Bigger error was observed in MNH and DFV than that of NNV.

11.4.4.3  Comparison of Quality Evaluation

Using the evaluation function E, the sample images were evaluated based on the 
parameters in three calculation methods. This experiment used 32 image samples 
including 10 NG samples and 22 OK samples. Figure 11.9 shows the results of 
judgment on the NG samples on the left side of the graph and the OK samples on 
the right half of the graph. There was no significant difference in these results.

11.5  Comparison of Partitioning Method

This section covers another modification in the basic procedure, which is the modi-
fication in partitioning procedure. Two types of partitioning were proposed and stud-
ied in this research. Image processing could be performed without partitioning the 
image, which is pixel-based image recognition. This research is to propose an image-
based bubble recognition, which could be applied in product inspection in the final 
stage of production. Therefore, the shorter process time is required. Even if the accu-
racy of image recognition is lower than that of pixel-based approach, performance of 
process is critical. Therefore, image area partitioning in image recognition process is 
considered in this research. Two types of partitioning are under study, which are CPP 
and QTP. The following two subsections cover these two partitioning methods.

Fig. 11.8  Comparison of bubble area detection by MNH, DFV and NNV
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11.5.1  Cell Partitioning

The cell partitioning presented in this subsection is the default method in the 
basic procedure. In other words, the comparisons in the previous section 
adopted the CPP in the experiment. In cell partitioning, the image to be pro-
cessed is partitioned by the specified number of cells; then, the whole image 
is given binary process. Figure 11.10 shows the results of 60 cells CPP, which 
reduces the process time as opposed to the pixel-based processing. Even though 
the accuracy of air bubble shape could be deteriorated according to the number 
of partitioning cells, the contour of the air bubble could be kept if the appropri-
ate number is applied.

11.5.2  Quadtree Partitioning

Quadtree partitioning is another approach for studying to improve the performance 
of air bubble recognition in the image. The image under process is checked by the 
histogram-based screening, and the image is partitioned into four areas if any bub-
ble is detected. Then, the same procedure is given to each partitioned area as long 
as any bubble is detected by the screening process. Figure 11.11 shows the results 
of image partitioning by the QTP procedure.

Figure 11.12 shows the original image shown in a and its results of air bubble 
recognition by CPP and QTP, as shown in b and c, respectively.

Table 11.2 shows an example of the results of judgment by CPP, QTP and 
HOV, of which image was judged as NG in all cases.

As a result of evaluation on 72 image samples, correct judgment of CPP is 62 
out of 72 images (86.1 %), whereas that of QTP is 61 out of 72 images (84.7 %). 
Therefore, no significant difference was recognized between these two methods 
(Table 11.3).

Fig. 11.9  Comparison of 
judgment in MNH, DFV and 
NNV as opposed to HOV
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11.6  Results and Discussions

Product quality is very important in any field of production. In addition, food pro-
duction companies are paying much more focus on product quality. Contamination 
should be avoided by all means because it is very harmful to human body. 

Fig. 11.10  Original image versus partitioned image

Fig. 11.11  Original image versus quadtree-partitioned image

Fig. 11.12  Original image, bubble recognition by CPP and bubble recognition by QTP

Table 11.3  Comparison of 
judgment by cell partitioning, 
quadtree partitioning and 
human inspection

2 >2; <3 >3; <4 >4; <5 >5 Total Judge

CPP 2 1 0 0 1 4 NG
QPT 0 1 1 0 1 3 NG
HOV 1 1 1 0 1 4 NG
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Even though inclusion of air bubble is not regarded as contamination, product quality 
is deteriorated if it is observed in food production, such as Tofu studied in this chapter.

Some air bubbles are caused by insufficient coagulation. However, others are 
caused by production process. In anyhow, preference of customers is the key factors 
to determine whether a package of Tofu is accepted or not. For this reason, a human 
inspector is taking care of the inspection of the product in the final stage of pro-
duction. Machine inspection is not suitable for this purpose because the basis of 
evaluation is regarding human preference. In addition to the handmade production 
of Tofu, machine-made production is getting popular in Tofu. Therefore, machine 
inspection is under consideration to screening out Tofu with air bubble.

This study applied an image-processing-based air bubble detection method on 
a sample image of Tofu package. Air bubble areas were recognized by the typical 
image recognition procedure. However, it is not clear if the result of machine 
inspection is identical to that of human inspection because the evaluation criterion 
is based on the human preference. Therefore, comparison experiments were under-
taken to make clear these things.

As a result, there was no significant difference in the experiment of image parti-
tioning. Even though the computational performance is affected by the partitioning 
methods, it was not related to the results of evaluation.

11.7  Concluding Remarks

This chapter focuses on the product quality issue in food production. The aesthet-
ics of product is not harmful to human body but strongly affects the customers’ 
decision to purchase the product or not. Many of contamination substances could 
be detected by machine inspection. However, aesthetics-related quality is not 
always possible to be evaluated by machine inspection. Air bubble issue in Tofu 
is studied in this chapter. Even though the research of chapter is still in the initial 
stage, this research took a small one step to clarify how the human inspector deter-
mines the decision if the product is good or bad. Further study will be continued 
using video camera streaming data as well as a large number of digital image data.
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Abstract Since it is becoming increasingly difficult to differentiate products by 
function and quality as manufacturing technology continues to improve, there are 
strong demands for product designs that reflect customer preferences. In this study, 
method for analyzing design impression based on the positioning and coloring of 
design elements is proposed. The methods are applied to the design of a portable 
music player as the object for analysis to verify the usefulness of the method.

12.1  Introduction

Since it is becoming increasingly difficult to differentiate products by function 
and quality as manufacturing technology continues to improve, there are strong 
demands for product designs that reflect customer preferences at an early stage of 
product development [1–3]. Moreover, it is also important to analyze impressions 
that consumers can have and evaluate the adaptability of design ideas and con-
sumer preferences quantitatively and objectivity.

For this reason, numerous researches proposing impression analysis techniques 
of product designs have been carried out. Sekiguchi proposed design evaluation 
structure analysis using multivariate analysis and rough sets [4]. With this method, 
design shapes such as body shape and roundness of the corner are set as recogni-
tion features of products for evaluating design impression. Hung Cheng proposed 
an automatic design support system and evaluated impression of two-colored 
products using genetic algorithm based on the relation between two colors [5]. 
Most of such conventional methods, however, are based on only one shape or col-
oring, and the objects for evaluation are limited.
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In this study, to support the designer’s activities in the product design pro-
cess, methods to analyze design impressions based on positioning and coloring of 
design elements are proposed and are applied to the design of a portable music 
player as the object for analysis to verify the usefulness of the methods.

12.2  Proposal of Design Impression Analysis Methods

12.2.1  Outline of Proposed Methods

The positioning and coloring of design elements are treated as independent evalu-
ation parameters, and the proposed methods are based on these viewpoints. Design 
elements are the individual parts making up a product. For example, in the case 
of the digital camera as shown in Fig. 12.1, the lens, flash, and logo mark are the 
design elements.

12.2.2  Design Impression Analysis Method Based 
on Positioning of Design Elements

Design impression changes greatly depending on how design elements are posi-
tioned [6]. Given the countless number of combinations of the positioning of 
design elements, it is difficult to analyze impression for all combinations. In con-
ventional methods, this problem is handled by setting up some levels in design 
factors. Therefore, the object of analysis changes simply and limitedly.

The following techniques are therefore proposed. First, the positioning of 
design elements is quantified by defining some original parameters. These param-
eters are called positioning quantify parameters (PQPs). Secondly, the positioning 
evaluation functions (PEFs) are defined between PQPs and impression evaluation 
values which indicate the degree of consumer’s impression. Finally, to analyze 
design impression based on positioning, the impression analysis value of position-
ing is calculated by using functions. Since all the designs can be quantified and 
analyzed by this method, it becomes possible to achieve the expansion of object 
for analysis.

1. Definition of Positioning Quantify Parameters

(a) Gravity Eg: Eg is defined from the y coordinates of the gravity point of design 
element i (yi) and area of design element i (Si) in Eq. (12.1), and its range is 
[0, 1]. When the Eg is big, it is understandable that the gravity point of the 
whole design must be high. On the other hand, the smaller Eg means that the 
gravity point must be low. Consequently, the larger Eg gives the more stable 
impression, and the smaller Eg represents the more unstable impression. 
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(b) Symmetry Es: When considering a design (A) and a design (A’) which is 
the reverse of design (A) at the y-axis, Sc is defined as an overlapping area 
between design (A) and design (A’). Es is defined from Sc and area of design 
element i (Si) in Eq. (12.2), and its range is [0, 1]. The larger Es is, the more 
symmetrical will the positioning pattern be, and the smaller Es is, the less 
symmetrical will the positioning pattern be. Besides, the larger Es is, the more 
stable will design impression be. The smaller Es is, the more unstable will 

design impression be. 

(c) Direction Ed: Ed is defined from the inclination of the straight line when the 
gravity point of design element i (xi, yi) is approximated as a linear equation 
in Eq. (12.3), and its range is [0, 1]. The larger Ed is, the more will the direc-
tion of positioning lean by 45°. The smaller Ed is, the more will the direction 
of positioning become vertical or horizontal. Besides, the larger Ed is, the more 
stable will design impression be. The smaller Ed is, the more unstable will design 
impression be. 

2. Definition of Positioning Evaluation Functions

Three positioning evaluation functions: PEFs, fg (Eg, j), fs (Es, j), fd (Ed, j), were 
defined between Eg, Es, Ed, and impression evaluation value μj of KANSEI-word 
j. In this study, KANSEI-word means an adjective describing design impression.

Basic experiment was carried out to define the PEFs and acquire KANSEI-data 
[Eg, Es, Ed, μj]. The functions were defined by plotting this data in the rectan-
gular coordinate system where the x-axis represents the quantification positioning 

(12.1)Eg =

n∑

i=1

(yi × Si )

(12.2)Es =
Sc∑n

i=1 Si

(12.3)Ed =
n

∑n
k=1 xk yk −

∑n
k=1 xk

∑n
k=1 yk

n
∑n

k=1 x2
k −

(∑n
k=1 xk

)2

Fig. 12.1  Example of design 
elements
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parameter and y-axis the impression evaluation value, and implementing linear 
interpolation between data. An example of definition is shown in Fig. 12.2.

3. Calculation of positioning impression analysis values
for analysis based on positioning of design elements

When a design whose PQPs are eg., es, ed is entered, the impression analysis 
value μpos (j) based on the positioning of the KANSEI-word j can be calculated by 
Eq. (12.4). 

From μpos (j), design impression can be analyzed based on the positioning of 
design elements.

12.2.3  Design Impression Analysis Method Based 
on Coloring of Design Elements

Design impression changes greatly depending on how the coloring of design ele-
ments is positioned [7–13]. When deciding coloring of design activity, the PCCS 
color system (Practical Color Coordinate System) is often used. With this system, 
the chroma and value of Munsell systems are unified into Tone which represents 
color condition, and the color is expressed by Hue and Tone. When expressing 
images using the PCCS color system, the following procedure is generally used.

First, to determine the outline of the image, the image of the hue or tone as shown 
in Fig. 12.3 is examined closely, and a color suitable for the image is chosen as the 
representative color. Next, to fine-tune the image, other colors are decided while 
adjusting the hue difference or tone difference to the representative color. In this 
study, if the representative color is chosen from the image of hue, this coloring pattern 
is called “H-type coloring”. On the other hand, if the representative color is chosen 
from the image of tone, this coloring pattern is called “T-type coloring”.

(12.4)µpos ( j) =
fg

(
eg , j

)
+ fs (es , j) + fs (es , j)

3

Fig. 12.2  Example of 
definition of PEF about 
KANSEI-word “powerful”
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This study proposes the following analysis algorithm based on this procedure. 
First, the design element best conveying impression is picked from the group of 
design elements, and the color of this design element is decided as the representa-
tive color. Next, the impression evaluation value of the representative color is 
derived from the neural network.

Finally, the impression evaluation value of the representative color is corrected 
according to the hue difference or tone difference between the representative color 
and other colors. The value after correction is considered to be the impression 
analysis value of coloring, and from this value, design impression based on color-
ing is analyzed.

By using the neural network [14], it becomes possible to analyze impression of 
all colors which are in HCV color system. Moreover, by accepting coloring tech-
nique to method, relative analysis between the colors becomes possible, and it is 
then realized to achieve the expansion of object without limiting to number/combi-
nation of colors.

1. Deciding the representative color
Generally, to choose a color which easily conveys impression when fine-tuning 

the image to be expressed, if the coloring pattern is H-type, the hue of other colors 
is arranged based on the hue of the representative color, and the image is fine-tuned 
by changing the tone. If the coloring pattern is T-type, the tone of other colors is 

Fig. 12.3  Color model of 
PCCS and impression of 
color

(a) The impression of hue

(b) The impression of tone
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arranged based on the tone of the representative color, and the image is fine-tuned 
by changing the hue.

Consequently, in comparing the hue difference and tone difference, if the hue 
difference is smaller, the coloring pattern is judged as H-type, or if the tone differ-
ence is smaller, the coloring pattern is judged as T-type. Moreover, with H-type, 
the design element m whose hue is hm is the median of the hue hi (i = 1, 2,…, n) is 
decided as the representative color. On the other hand, with T-type, the design ele-
ment m whose tone is Tm is the median of tone Ti (i = 1, 2,…, n) is decided as the 
representative color. The tone is originally a concept, and it does not have a value. 
So, the tone Ti (i = 1, 2,…,n) was calculated from chroma ci (i = 1, 2, …, n) and 
value vi (i = 1, 2,…, n) in Eq. (12.5).

Moreover, the hue difference ΔH is calculated in Eq. (12.6), and the tone 
difference ΔT is calculated in Eq. (12.7).

2. Deriving the impression analysis value of the representative 
color using the neural network

The single color image scale is known for the color impression of KANSEI-
word [8]. However, the concrete composition method of this scale is not clear, and 
the scale corresponds only to limited colors.

Therefore, in this study, single color impression by using a neural network was 
utilized to analyze the impression of a color. The input layer has three units: hue 
H, chroma C, and brightness V, while the output layer has a unit impression analy-
sis value of a single color. The color impression is investigated, and the results of 
the investigation are studied by back-propagation, and a hierarchical neural net-
work that derives single color impression value from HCV value is built. From this 
network, the impression analysis value of the representative color νj of KANSEI-
word j is derived from the HCV value of the representative color.

3. Calculating the impression analysis value of coloring 
by correction functions

The correction functions fH(ΔH, j), fT(ΔT, j) are defined between the hue dif-
ference ΔH, tone difference ΔT, and correction degree Δνj of the impression 
evaluation value of representative color νj. Basic experiments to define correction 
functions were conducted, and KANSEI-data [ΔH, ΔT, Δνj] were acquired. The 

(12.5)Ti =

√
c2

i + v2
i

(12.6)∆H =

n−1∑

i=1

|hi − hi+1|

(12.7)∆T =

n−1∑

i=1

√
(ci − ci+1)

2
+ (vi − vi+1)

2
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correction functions are defined by setting this data in the rectangular coordinate 
system where the x-axis is ΔH and ΔT, and the y-axis is the correction degree 
Δνj, and implementing linear interpolation between the data. An example of defi-
nition is shown in Fig. 12.4.

With H-type, the image to be expressed is fine-tuned by the tone difference. For 
this reason, the impression analysis of coloring value μcol(j) of KANSEI-word j is 
calculated from the correction function fT(ΔT, j) in Eq. (12.8).

With T-type, the image to be expressed is fine-tuned by the hue difference. So, 
the impression analysis of coloring value μcol(j) of KANSEI-word j is calculated 
from the correction function fH(ΔT, j) in Eq. (12.9).

12.3  Example of Applying Proposal Method

The analysis of the design impression based on the proposed methods for the 
design of a portable music player was attempted, and the following basic experi-
ments (1) and (2) needed for each analysis method were conducted. The exami-
nees were 13 young parsons (eight males and five females). The design of a 
portable music player is composed of a simple figure to exclude the influence of 
the shape not considered in the proposed method.

12.3.1  Experiment (1)

Experiment (1) was conducted to acquire KANSEI-data for defining PEFs. The 
KANSEI-words, shown in Table 12.1, consisted of 10 words chosen by cluster 
analysis which express impression based on positioning. The design samples were 

(12.8)µcol ( j) = ν j + fT (∆T , j)

(12.9)µcol ( j) = ν j + fH (∆H , j)

Fig. 12.4  Example of 
definition of correction 
function about KANSEI-word 
“powerful”
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18 black-and-white product pictures with varying PQPs as shown in Fig. 12.5a. 
The design samples were shown to the examinees on LCD monitor, the examinees 
were asked to give the impression evaluation value for each KANSEI-word, and 
KANSEI-data were acquired. From this data, PEFs were defined. The impression 
evaluation values were given 11 stages in the range of [0, 1].

12.3.2  Experiment (2)

Experiment (2) was conducted for acquiring KANSEI-data for defining the cor-
rection functions. For the KANSEI-words, as shown in Table 12.1, 10 words were 
chosen by cluster analysis which express impression based on coloring. The design 
samples were 14 two-colored pictures composed of standard colors (H = 0.0, 
C = 0.9, V = 0.9) and other colors with varying hue difference or tone differ-
ence with standard color as shown in Fig. 12.5b. The design samples were shown 
to the examinees on LCD monitor, the examinees were asked to give the impres-
sion evaluation value for each KANSEI-word, the difference between the impres-
sion analysis value of standard color and that of two-colored images was regarded 
as correction value, and KANSEI-data were acquired. From this data, the correction 
functions were defined. The impression evaluation values were given 11 stages in 
the range of [0, 1].

Each analysis method was implemented based on the functions defined from 
each basic experiment. Impression analysis for the design shown in Fig. 12.6a 
based on positioning and coloring using the implemented method was attempted. 
Figure 12.6b shows the results of impression analysis from positioning, and 
Fig. 12.6c shows the result of impression analysis from coloring.

12.4  Experiments to Assess Proposed Method

To confirm the usefulness of each method, assessment experiments to compare the 
analysis results of the implemented methods with the answers of the examinees 
were conducted. The proposal technique constructed with Chap. 3 was mounted 
as an analysis system, and impression of the design samples newly made was ana-
lyzed by this system. And the examinees answered the impression of the samples. 
Comparison between the result of system and the result of examinee’s answer was 

Table 12.1  KANSEI-words used in each impression analysis method

About positioning About coloring

Peaceful Individuality Loudly Elegant
Simple Powerful Pretty Polished
Outstanding Pretty Clear Reliable
Luxury Natural Individuality Familiar
Elegant Refined Feminine Composed

http://dx.doi.org/10.1007/978-1-4471-4984-2-3
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made, and whether the proposed method can analyze in conformity with human’s 
sensibility was examined.

12.4.1  Experiment Details

The following assessment experiments (1) and (2) were executed. The examinees 
consisted of 13 young parsons (eight males and five females) different from the 
examinees of basic experiments.

1. Experiment (1)
Assessment experiments on impression analysis based on positioning: Design 

samples consisting of 18 black-and-white product pictures with varying PQPs 
were shown to the examinees on a LCD monitor, and the examinees were asked to 
give the impression evaluation value for each KANSEI-word used in basic experi-
ment (1). The design samples were also analyzed using the proposed analysis 
method, and results of analysis based on positioning were acquired.

Basic experiment (2)

Basic experiment (1)(a)

(b)

Fig. 12.5  Example of sample for basic experiments
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2. Experiment (2)
Assessment experiments on impression analysis based on coloring: Design 

samples consisting of 12 two-colored product pictures and 12 three-colored prod-
uct pictures were shown to the examinees on a LCD monitor, and the examinees 
were asked to give the impression evaluation value for each KANSEI-word used 
in basic experiment (2). These design samples were also analyzed using the pro-
posed analysis method, and results of analysis based on coloring were acquired.

Fig. 12.7  Results of 
assessment experiment

(b) Coloring

(a) Positioning

Fig. 12.6  Results of design 
impression analysis by 
proposed methods

(b) Analysis based on position

(c) Analysis based on coloring(a) Sample design
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12.4.2  Result of Assessment Experiments

The results of assessment experiment (1) are shown in Fig. 12.7a, and those of 
assessment experiment (2) are shown in Fig. 12.7b. The average margin of error 

Table 12.2  Results of t-tests

(a) Positioning

Sample 1 … Sample 15

Examinee’s 
answer

Proposed 
method …

Examinee’s 
answer

Proposed 
method

Peaceful 3 8 5 7
Simple 2 3 4 3
Outstanding 8 9 8 8
Luxury 6 7 7 5
Elegant 5 6 6 6
Individuality 10 10 … 10 10
Powerful 9 5 9 9
Pretty 7 4 2 1
Natural 1 1 1 4
Refined 4 2 3 2

ρ-value 0.648 0.878
t-value 2.41 … 5.20
Significance 

level 5 %
○ ○

(b) Coloring

Sample 1 … Sample 24

Examinee’s 
answer

Proposed 
method …

Examinee’s 
answer

Proposed 
method

Loudly 2 3 3 10
Pretty 10 9 8 6
Clear 7 5 1 8
Individuality 1 7 6 7
Feminine 9 10 … 5 9
Elegant 5 6 6 5

Polished 6 4 2 4
Reliable 2 2 8 2
Familiar 8 8 10 3
Composed 4 1 3 1

ρ-value 0.655 … −0.291
t-value 2.45 −0.86
Significance 

level 5 %
○ ×
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between the answers method is 0.12, suggesting that the proposed methods were 
able to analyze design impressions closely to human sensitivity.

To confirm the usefulness of each method proposed, significance was verified 
using the rank correlation coefficient ρ. The rank correlation coefficient ρ is an 
index which represents correlation between two data by comparing two ranking 
data. In this study, based on rank data where the impression analysis values of 
ten KANSEI-words were ranked in ascending order, the correlation between the 
answers of the examinees and the results of the proposed method was evaluated 
using the rank correlation coefficient ρ.

The results of rank correlation coefficient calculation and t-tests are shown in 
Table 12.2. The t-tests on the usefulness of the rank correlation coefficient con-
firmed its significance in 12 out of the 15 samples used in assessment experiment 
(1) as shown in Table 12.2a as well as the significance of the proposed method 
based on positioning. The significance of the rank correlation coefficient was also 
confirmed in 15 out of 24 samples used in assessment experiment (2) as shown in 
Table 12.2b as well as the significance of the proposed method based on coloring.

12.5  Conclusion

In this study, the following design analysis methods based on the positioning and 
coloring of design elements were proposed.

(a) The PQPs were defined, and analysis based on positioning was enabled by 
defining the PEFs between PQPs and KANSEI-words.

(b) A representative color was selected from design elements, and the impression 
analysis value of the representative color was derived from the neural network. 
Analysis based on coloring was enabled by correcting the impression analysis 
value of the representative color from the hue difference and tone difference.

The proposed methods were also applied to the design of a portable music player, 
and verification of its usefulness through assessment experiments indicated that it 
enables designers to analyze design impressions quantitatively and objectively.

By integrating each analysis method, there is a possibility that the design can-
didate creation system for supporting designers will be constructed. For example, 
when designer has a demand that he/she would like to change the impression of ini-
tial design without changing colors, creation system can propose the design candi-
date suitable for the demanded impression by changing positioning of initial design. 
If the analysis of initial design and the creation of design candidate are done consist-
ently, it is expected to contribute to the designer’s design activity greatly.
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Abstract This study evaluates the relationships between PET bottle shapes and 
 customers impression using kansei engineering. The objective of the study is to 
understand the design parameter that can satisfy customers’ impression. Robust 
design of Taguchi method was applied to obtain the optimum combination of design 
parameters that can match customers’ impressions. The optimum combination of 
design parameters can generates a PET bottle design that stable to the inconsistency 
of customers’ impressions. Factor analysis and neural network were used to map the 
relationship between shape impressions to design parameters. Kano model was inte-
grated to the proposed method to enhance the PET bottle design so that the design can 
satisfy the customers’ impressions. The proposed robust design method was imple-
mented in Solidworks’ API to create user interactive system. The system can helps 
designer to design a personal PET bottle shape based on the desired impressions.

13.1  Introduction

In the early concept design, most of designer’s attention is paid on product function 
rather than product appearance. It can be observed clearly on the products devel-
oped decades ago which was mostly were in a big sizes. Todays, the way things 
look and how they make customer feel is very important in customer choices.

Designer of customer product now target on reaching the feeling experiences 
for their customers, with some even looking on the emotion explicitly as the start-
ing point for design. It is how the product design can affect customer’s emotion.  
It is known as aesthetic design and it is the way how product connects with cus-
tomers emotion needs in aspiration with emotion experiences. When a product can 
satisfy customers’ emotion, the product will give deep impact to the owner, and as a 
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result, it will be treasured by the owner. Using this perspective, industries are shift-
ing their way for increasing the aesthetic value which can give benefits not only to 
customers, but also to the industries themselves (profit) [1].

Let’s take a look on the design of PET bottles distributed in Japan. In Japan there 
are many kind of PET bottle shape which can be found. At the time when beverage 
industries manufactured the PET bottle, it is clear that Japan citizens have a consid-
erably high aesthetic level. Most of Japan citizens consider every aspects of their 
appearance, which also include daily product, as something that can defines their 
emotions. Observation to the design of PET bottles, it seems that designer of bever-
age industries in Japan decided to target the customers’ desire, which is to create an 
eye catching package that close to customers’ emotions. It is expected that custom-
ers could obtained difference emotion experiences by using a unique bottle shapes 
offered by the industries. Regardless to what kind of product image attempted to be 
embedded in the PET bottle shape by beverage industries, nevertheless, there is no 
standard rule-of-thumb which regulates the design of PET bottle shape and the asso-
ciated impressions evoked. In our research, we are interested to understand the rela-
tion between the uniquely manufactured bottles shape with customers emotions.

13.1.1  Robust Design

The terms of robust design has been used very often to describe the stability of a 
method in different environment with various levels of noise factors. Robust design 
is a technological breakthrough that enables efficient experimental and simulation 
methods to optimize product and process for manufacturability, quality and reliabil-
ity. The role of robust design is to minimize the sensitivity of products and processes 
to uncontrollable noise factor (e.g., environmental, deterioration and manufacturing). 
Robust design achieves this by selecting the objective function and evaluating it to 
maximize the function with regards to controllable design factors. The evaluation in 
robust design involves the application of orthogonal array, as an efficient analytical 
method for reducing the variability and adjusting to target.

The robust design started when Genichi Taguchi [2] gave new paradigm to 
the traditional experimental design method with his emphasis on the inclusion of 
noise factors. Taguchi’s approach offered a method to calculate the noise factors 
using the signal-to-noise ratio.

The development of the robust design until it reached the current stage started 
as one approach to reduce a product’s or process’s functional variation by reduc-
ing the variability due to the noise factors or eliminate them entirely. However, 
this is not always feasible or even possible. Indeed, any attempt to reduce the vari-
ability caused by noise factors would mean the reduction of the useful range, that 
demanding a tighter manufacturing tolerance or specifying low drift parameters. 
All this methods quickly raise the cost of the product or process and are inherently 
not efficient. A better method is to center the design parameters to minimize sensi-
tivity to noise factors through the principle of robustization.
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13.1.2  Taguchi Method in Functional Design

The Taguchi method is one of the tools for achieving optimized and robust 
response. As stated by Taguchi that products or processes have good quality if it 
can perform its intended functions without variability, and causes little loss through 
harmful side effect, including cost of using it. From this statement, it is clear that 
the Taguchi method emphasizes on losses or cost, which commonly termed as the 
quality loss function. The quality of a product can be expressed as the total loss to 
society from the time the product is sold to customer. This loss is incurred largely 
due to the deviation of the functional characteristic from the target value and is esti-
mated through the quadratic loss function. The loss function is used to define per-
formance measures of a quality characteristic of a product or process.

To achieve the product or process quality design, Taguchi method offers three 
phases: system design, parameter design and tolerance design. In the system 
design, designers use their experience to create functional design. The product can 
be a new product or process with an improved modification of an existing prod-
uct or process. The parameter design determines the optimal setting of the product 
or process parameters. These parameters have been identified during the system 
design phase. Design of parameter method is applied in this stage to determine 
which controllable factors and which are the noise factors are the significant vari-
ables. The aim is to set the controllable factors at those levels that will result in a 
product or process being robust with respect to noise factors. The Taguchi method 
solved the problem by minimize the variability of products and the processes for 
improving the quality and reliability.

13.1.3  Factors and Orthogonal Array

In the manufacturing, the system design can be simplified as a process to achieved 
objective function with the influences of factors. The factors are identified as sig-
nal factors, control factors and noise factors. Signal factors are set by the designer 
to attain the desired output. Control factors are the parameters values set by the 
researcher. Each of the control factors is studied at least at two-levels and the 
parameters design objective is to select the best level. Since there are many control 
factors in an experiment, the factors are represented in a matrix notation. While 
noise factors are not controlled by the researchers or the designer. However for 
the purpose of the optimization, these factors may be set at one level or more lev-
els. Since there are many noise factors in an experiment, these factors are repre-
sented in a matrix notation. Obviously, no optimum noise factor is selected in an 
experiment.

It is important that factors are orthogonal to each other and that they are bal-
anced. An orthogonal array is used as the basis for balanced comparison of several 
factors. The orthogonal array also simplifies the data analysis. Many orthogonal 
arrays are available with different factor and level combination.
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13.1.4  Performance Measure

To improve the quality of both the average response of a quality and its variation, the 
Taguchi method proposed the single measurement using Signal-to-noise ratio. Signal 
to noise (S/N) ratio is used to measure the performance of each factor combination, 
in the form of a response or quality characteristic. Consequently, Taguchi method 
selects the design parameter levels that will maximize the appropriate S/N ratio. 
There are three categories of signal to noise ratio, smaller the better, larger the better 
and nominal the best. Smaller the better response is used to measure a function with 
ideal value of zero. The decrease in response value increases quality. Nominal the 
better is used to measure a function with a specific target that considered ideal. And 
lastly, larger the better is used to measure a function in which infinity is the ideal 
value. The increase in response value increases quality. Smaller the better, nominal 
the better and larger the better are formulated in the following equation:

Smaller the better

Larger the better

Nominal the best

where S is the standard deviation, y is the output average, yi is the measured 
property, and n is the number of samples in each test trial.

13.1.5  Taguchi Method in Aesthetic Design

In spite of the fact that Taguchi method has been widely apply in functional 
design, there are a few researchers that have applied Taguchi method in aesthetic 
design. Initially, analysis in aesthetic design was performed using various meth-
ods in Kansei engineering. As market becoming more competitive, the applica-
tion of Kansei engineering was regarded to be complicated and time consumed, 
due to the application of complex mathematical model which constructed over 
long period. Kansei engineering could not answer the challenge to provide rapid 
aesthetic design. This condition leaded researchers to a method that not only can 
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provide product with a short development cycle time, but also able to comply with 
aesthetic diverse market. Taguchi method was finally selected to fill these gaps.

Amongst the works of a few researchers who applied Taguchi method in 
aesthetic design is the application of Taguchi method to improve the feeling 
quality [3, 4]. They work has successfully confirmed that Taguchi method can be 
applied in aesthetic design as effectively as in functional design. Our research is 
another work in the application of the robustness of Taguchi method in aesthetic 
design. Taguchi method is coupled with other methods, such as: factor analysis 
and neural network, to create a basis of interactive aesthetic design system. In this 
work, the robust approach is used to evaluate and enhance the aesthetic design of 
PET bottle shapes.

13.1.6  Kano Model

Aesthetic is one of the many qualities in a product that can make the product 
sells. In order to make customer happy and willingly to buy a product, industries 
must concern on how to integrate product quality with customer’s satisfaction. 
Dr. Noriaki Kano [5] integrated product quality with the degree of product 
performance and the degree of customer satisfaction. The Kano model is useful for 
to provide the level of customer sophistication. Figure 13.1 shows the illustration 
of Kano model, in which the level of customer satisfaction is plotted in vertical 
axis, while the level of product performance is plotted in horizontal axis. By using 
this illustration, different type of customer needs can lead to different response.  
In correlation to aesthetic design, it is important to apply Kano model to recognize 
product performance which can improve customer aesthetic satisfaction. In order 
to satisfy customer, product performance must meet the three types of customer 
needs, as described below:

Fig. 13.1  Quality types 
based on kano model

Product 

performance

Customer

satisfaction

Basic 

needs

Excitement 

Performance 

needs
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1. Basic needs: These needs should be achieved for customer satisfaction. If it not 
achieved, customers will be dissatisfied. Customers become dissatisfied if prod-
uct performance is not achieved. However, product performance is not exceed-
ing the neutral level of customer satisfaction.

2. Performance needs: product performance has a linear effect on customer satis-
faction. The increase in product performance increases customer satisfaction.

3. Excitement needs: customer satisfaction increases in an exponential response 
with the increase of product performance.

[4] Added two more customer quality needs: the indifference and reversal quali-
ties. The indifference need: the product performance is not affecting customer 
satisfaction, and the reversal quality: the increase in product performance 
makes customer more dissatisfied.

The categories of customer needs in Kano are identified using Kano question-
naire. Indication of customer satisfaction or dissatisfaction to product performance 
can be observed. The procedure for conducting Kano questionnaire consists of two 
stages. In the first stage, a scenario in which product parameter that gives perfor-
mance is presented to respondent. On the second stage, the opposite condition of 
the first stage, respondent is presented with a scenario in which product parameter 
that give performance is excluded. For each stage, respondent must choose one of 
the options that express his/her level of satisfaction:

a. Satisfied
b. It should be that way
c. I am indifferent
d. I can live with it
e. Dissatisfied

By this means, criteria related to customer satisfaction can be categorized and 
product performances that lead to customer satisfaction can be given more priority. 
Criteria which fall in the excitement needs receive attention first, on the opposite 
criteria which fall in the basic need receive lower priorities. A weight adjustment is 
assigned based on the categorization; the weight adjustment is used to reprioritize 
the criteria. [4] explained the procedure to perform weight adjustment is as follow:

a. Identification of proper category for each criterion that related to customer 
satisfaction.

b. Assign adjustment coefficient according to Kano qualification classification.
c. Weight assignation to criteria with high and increasing customer satisfaction, 

using Eq. (13.1):

  In which Wiid j is the final adjusted weight for the ith performance criterion, Wi  
is the raw weight for the ith performance criterion, i = 1, 2, 3… n and Ki is the 
adjustment coefficient according to Kano quality classification.

(13.4)wi_ad j =
wi Ki∑n

i=1 wi Ki
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d. The raw weight Wi  is obtained from weighting method
 1. Convert S/N ratio value

  where di j is S/N ratios for evaluation of the ith criteria in the jth experiment 
samples, i = 1,2,…,n; j = 1,2,…,m, then D = (dij)n*m  is the sample evalua-
tion matrix.

 2. Calculate the entropy of the ith criteria ei

 In which c = 1/ln(m) and ei > 0

 3. Calculate the objective weight of the criteria

 where E =
∑n

i=1 ei.

e.  The adjustment coefficient Ki is value of 4, 2, 1, and 0, which are assigned to 
the excitement needs, performance needs, basic needs and indifference needs, 
respectively.

13.2  Methodology

The objective of the study is to find the relation between kansei words and PET 
bottle shape parameters. Kansei words are used to expresses customers’ emo-
tion and demand, and shape parameters are used to extract physical design which 
important for PET bottle shape images presentation. In this work, a Kansei engi-
neering framework utilizing the robustness of the Taguchi method and the Kano 
model to enhance the aesthetic quality as shown in Fig. 13.2 is used.

PET bottle shape is selected to apply the method of robust design. PET bottle is 
selected because it represents the frequently purchased item by Japan citizens.

13.2.1  Collection of Kansei Words

In this step, as many as possible kansei words that represent the impressions 
evoked from PET bottle shape were collected. 26 PET bottles were presented to 
18 university students with Japan national. Then, respondents gave opinion on the 

(13.5)zi j =
di j∑m
j=1 di j

(13.6)ei = −c
∑m

j=1
zi j ln zi j

(13.7)wi = (1 − ei ) / (n − E)
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possible impression/emotion evoked from the bottle shapes. From this discussion 
29 Kansei words were obtained. Table 13.1 shows the collected kansei words.

13.2.2  Cluster Analysis

In this step, important Kansei words were reduced from the large pool of kansei 
words collected in the previous step through discussion. Six bottles were selected 
randomly from the 26 bottles samples. The six bottles together with the 29 Kansei 
words were presented to respondents. Using all Kansei words, respondents were 
required to give score to each bottle shape. Every kansei words were scored from 1 
to 5, using semantic differential scale [6, 7]. Score 1 meaning that the bottle shape 

Collect Kansei words

Perform cluster analysis to select Kansei words

Extract PET bottle design elements

Create new image using Taguchi Method 

Collect impression data using questionnaire 

Perform analysis using Taguchi S/N ratio

Perform confirmation using ANOVA 

Map the impression target value to 

design elements

Robust Design Approach

Calculate raw weight 

Calculate Kano weight 

adjustment 

Collect customer 

satisfaction data using 

Kano questionnaire 

Kano model

Fig. 13.2  Framework of the robust design approach
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was lack of impression of presented Kansei words, and score 5 represent that the 
shape possess the impression presented Kansei words. The respondents consisted of 
18 university students with Japan national, who’s aged between 20 and 30.

The scored data was analyzed using exploratory factor analysis. Factor analysis 
was conducted using an extraction method based on the principle component analy-
sis. Component with eigenvalues greater than 1 were extracted, resulting to 83.12 % 
cumulative contribution of three factors. Factor four was included on the extracted 
component with 10.1 % contribution of variance, making up a total of 96.22 % of 
cumulative contribution of variance. The extracted four factors were rotated using var-
imax rotation method. The results after varimax rotation are shown in Table 13.1.

Cluster analysis was used to devide the kansei words into four groups based on the 
rotated component matrix. Unweighted pair-group method using arithmethic averages 
(UPGMA) method was used for clustering method, Euclidean metric was selected in 

Table 13.1  Component matrix of the 29 kansei words

Component

1 2 3 4

Unique 1.211 0.013 −0.048 0.113
Interesting 1.081 −0.133 −0.055 0.140
New 1.103 0.250 0.149 0.062
Standard −1.165 −0.187 0.044 −0.259
Retro −1.048 −0.248 −0.166 −0.060
Strange 1.104 −0.016 −0.152 0.153
Ordinary −1.164 −0.224 −0.149 −0.315
Eye-catching 1.007 −0.014 −0.292 0.249
Simple −0.991 −0.096 0.305 −0.267
Sweet 0.818 −0.162 0.374 −0.070
Cute 0.926 −0.158 0.498 −0.107
Healthy −0.511 0.208 0.139 0.165
Fresh 0.712 0.195 0.411 0.143
Modern 0.697 0.454 0.072 0.208
Premium 0.610 0.483 0.193 0.346
Stylish 0.725 0.704 0.443 0.186
Feminine 0.692 0.537 0.664 0.093
Cool −0.002 0.819 −0.027 −0.056
Clear 0.023 0.586 0.227 −0.102
Elegant 0.165 0.863 0.188 0.311
Adult −0.269 0.746 −0.195 0.291
Childish 0.594 −0.904 0.365 −0.179
Slim 0.155 0.748 0.502 0.257
Yummy 0.252 0.365 0.133 0.007
Compact −0.163 0.072 1.059 0.189
Dynamic 0.438 −0.214 −1.048 0.107
Masculine −0.797 −0.213 −0.805 −0.128
Complex 0.540 0.256 0.088 0.748
Sophisticated 0.344 0.409 0.351 0.501
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UPGMA method. Agglomerative coefficient (AC) was used to measure the degree 
that samples are structured. AC shows the average of dissimilarities between clusters 
or samples when merged, in a standardized form [0, 1] [6]. Observation to an abrupt 
change of similarity/dissimilarity was performed on the AC. When samples or cluster 
merged, the similarity decreases (dissimilarity increase) monotonically. When different
clusters were merged, it resulted in an abrupt change of dissimilarity (similarity). 
The number of cluster before gap was accounted for with a meaningful number. 
Figure 13.3 shows the graphic of AC and sample number. The dissimilarity when 
clusters are merged into one is shown in the rightmost graphic. Observing the 
graphic from right to left, we can find large gaps between first and second points 
(1 and 2 cluster), between second and third points (3 and 4 cluster), and between 
third and fourth points from the right. After that, a gentler gradient from the start-
ing point can be observed. The fourth point from the right is the point which the 
dissimilarity starts to increase. The fourth point from right is termed as elbow. The 
number of cluster is determined by subtracting the number of samples with the 
sample in which elbow is occurred.

The number of samples is twenty nine, while the sample where elbow occurred 
is twenty five, resulting four as the number of cluster.

The member of the four clusters can be seen in Figs. 13.6, 13.7, 13.8, 13.9. 
In these figures, the features of clusters can be obtained by averaging the evalu-
ation values of the members within the clusters. [6] selected Kansei words with 
the high average evaluation value from each cluster. He did not specify the cutting 
point of the average evaluation value to be selected as the features of cluster. In 
our study, the cutting point of the average evaluation value is set as three. Kansei 
words with average evaluation value equal or greater than three is selected to rep-
resent the cluster, as shown in Figs. 13.4, 13.5, 13.6 and 13.7. Eight Kansei words 
were obtained from the four clusters. Four pairs of Kansei words represent nega-
tive-positive relationship were constructed from the eight Kansei words (Childish–
Adult, Masculine–Feminine, Ordinary–Stylish, Simple-Sophisticated).

Fig. 13.3  Graphic of agglomerative coefficient
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Fig. 13.4  Kansei words in 
cluster 1
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Fig. 13.5  Kansei words in 
cluster 2
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Fig. 13.6  Kansei words in 
cluster 3
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Fig. 13.7  Kansei words in 
cluster 4
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13.2.3  Extraction of PET Bottle Design Elements

In this study, design elements that effectively give different image design on PET 
bottle shape and eventually give different impressions to customers’ product image 
were selected. The PET bottle design was created by several rings which con-
nected by a spline, as shown in Fig. 13.10. The unique design of PET bottles is the 

Fig. 13.9  Combinative design of PET bottle shapes

Fig. 13.8  PET bottle presentation image design elements
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result of the combination of various rings’ diameter and their individual heights. 
Each design elements was evaluated, and important elements were selected for 
the study. Six design elements were extracted: Total height, Ring1 height, Ring2 
height, Ring1 offset, Ring2 offset and Top ring2 height. Other design elements 
were set as constant. For each element, we set the parameter levels, as shown in 
Table 13.2. Parameterization for the design elements were determined by measur-
ing the dimension of distributed PET bottles.

13.2.4  Creation of New PET Bottle Images Using Taguchi 
Method

In order to obtain optimized design, it is necessary to vary the design condition, 
so that, the relationship between design elements and the evoked impression can 
be observed. Taguchi orthogonal array is applied to generate combinative designs. 

Fig. 13.10  Response graphs for S/N ratio of of “Childish–Adult”
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Table 13.2  Design elements for PET bottle design

Design elements (DE)

Parameter level

1 2 3

Total height 150 mm 200 mm 250 mm
Ring 1height 0.1*total height 0.4*total height 0.7*total height
Ring 2 height 5 mm 10 mm 15 mm
Ring 1 offset −5 mm 0 5 mm
Ring 2 offset −5 mm 0 5 mm
Top ring 2 height 5 mm 15 mm 25 mm
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The application of Taguchi orthogonal array required the designer to have con-
trollable factor and uncontrollable factor. In our study, the controllable factor was 
taken from the design elements, while the uncontrollable factor was the inconsist-
ency in customers’ impression. Orthogonal array L18 was selected to generate 
combinative design, since it can accommodate six control factors with three levels. 
The six control factors were assigned from column 2 to 7. Figure 13.9 shows the 
generated combinative designs.

13.2.5  Data Collection Using Questionnaire

The questionnaire was designed based on the 18 combinative designs and the four 
pairs of kansei words. Each combinative design was assessed using the kansei 
words pairs. Respondents were requested to give impression scores from 1 to 5 
using semantic differential scale [6]. As many as 21 university students with Japan 
national participated to fill in the questionnaire.

13.2.6  Perform Analysis Using Ratio

The kansei evaluation data obtained from questionnaire was evaluated using-Tagu-
chi S/N ratio. S/N ratio of nominal the best was applied for the analysis. The opti-
mal combination of control level that can minimize the inconsistency in customers’ 
opinion of aesthetic impression was obtained. Figures 13.10, 13.11, 13.12 and 13.13 
show the Taguchi S/N ratio and output average response graphs. S/N ratios and out-
put averages were behaving in the similar manner. It seems that factors that can 

Fig. 13.11  Response graphs 
for S/N ratio of “Ordinary–
Stylish
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Fig. 13.12  Response graphs for S/N ratio of “Simple–Sophisticated”
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Fig. 13.13  Response graphs for S/N ratio of “Masculine–Feminine”
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Table 13.3  Summary of optimum combination of control factor level

Impression Optimal control level combination

Childish–Adult Ring1 height (level 3), Ring1 offset (level 3), 
Ring2 offset (level 2) and Top ring2 height 
(level 1)

Ordinary–Stylish Total height (level 2), Ring1 offset (level 1), 
Ring2 offset (level 1) and Top ring2 height 
(level 1)

Simple–Sophisticated Total height (level 2), Ring1 offset (level 1), 
Ring2 offset (level 1) and Top ring2 height 
(level 1)

Masculine–Feminine Total height (level 3), Ring1 offset (level 2), 
Ring2 offset (level 1) and Top ring2 height 
(level 1)
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minimize the variation in customer impression are also play role to obtain the desired 
target mean value. From these figures, it can be observed that control factors are 
influencing the impressions differently. Control factors which give strong influence 
to an impression may not give similar influence to other impressions. By setting the 
control factors at maximum level of S/N ratio, PET bottle design that can minimize 
the inconsistency in customer impression can be obtained. The summary of the opti-
mum combination of control factors levels for each pair of Kansei words is presented 
in Table 13.3. From this table, it seems that bottle curve due to rings (Ring1 offset, 
Ring2 offset) and shoulder length (as a result of Top ring2 height) are influencing 
for all Kansei words. Bottle height, which is represented by Total height, is influenc-
ing almost all Kansei words, except “Childish–Adult”. Bottle’s curve height, which 
is represented by Ring1 height, is only influencing “Childish–Adult”. In summary, 
bottle with low height but having body curve are most likely to give impressions 
“Ordinary–Stylish”, and “Masculine–Feminine”, while bottle with medium height 
and body curve is most likely to give impression “Simple–Sophisticated”.

13.2.7  Confirmation Using ANOVA

ANOVA was utilized to confirm the S/N result of the optimum combination of 
control factors. ANOVA can identify factors which significantly influence cus-
tomer impression. Tables 13.4, 13.5, 13.6 and 13.7 show the ANOVA result for the 
four pair of kansei words. Table 13.4 shows the combination of shape parameters: 
Ring1 height, Ring1 offset, Ring2 offset and Top ring2 height are the most influen-
tial shape parameters for evoking the impression “Childish–Adult”. The signifi-
cance effect of these shape parameters, nevertheless, is less than 90 % confidence 
level (approximately p < 0.2). As for impression “Ordinary–Stylish”, Table 13.5 
shows the combination of shape parameters: Total height, Ring1 offset, Ring2 off-
set and Top ring2 height are the most influential shape parameters with significance 
effects: F(2,4) = 10.08, p < 0.05; F(2,4) = 4.11, p < 0.2; F(2,4) = 9.07, p < 0.05, and 
F(2,4) = 17.15, p < 0.05, respectively. It is observed that only Ring1 offset is having 

Table 13.4  ANOVA table for “Childish–Adult”

Source SS dof MS F %Cont.

Total height(e) 0.14 2.00 0.07
Ring 1 height 0.70 2.00 0.35 3.08 13.03
Ring 2 

height(e)
0.32 2.00 0.16

Ring 1 offset 0.79 2.00 0.39 3.47 15.46
Ring 2 offset 0.71 2.00 0.35 3.12 13.26
Top ring 2 

height
0.98 2.00 0.49 4.31 20.70

Error pool 0.46 4.00 0.11 37.56
TOTAL 3.64 12.00 100.00
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significance level less than 90 % confidence level. While for impression “Simple–
Sophisticated”, Table 13.6 shows the combination of shape parameters: Total height, 
Ring1 offset, Ring2 offset and Top ring2 height are the most influential shape param-
eters with significance effects: F(2,4) = 72.38, p < 0.001; F(2,4) = 11.75, p < 0.05; 

Table 13.5  ANOVA table for “Ordinary–Stylish”

Source SS dof MS F %Cont.

Total height 2.42 2.00 1.21 10.08 19.55
Ring 1 

height(e)
0.31 2.00 0.16

Ring 2 
height(e)

0.17 2.00 0.09

Ring 1 offset 0.99 2.00 0.49 4.11 6.70
Ring 2 offset 2.18 2.00 1.09 9.07 17.38
Top ring 2 

height
4.12 2.00 2.06 17.15 34.78

Error pool 0.48 4.00 0.12 21.59
TOTAL 11.16 12.00 100.00

Table 13.6  ANOVA table for “Simple–Sophisticated”

Source SS dof MS F %Cont.

Total height 6.86 2.00 21.99 72.38 57.15
Ring 1 

height(e)
0.81 2.00 4.58

Ring 2 
height(e)

0.43 2.00 2.99

Ring 1 offset 0.99 2.00 3.57 11.75 3.47
Ring 2 offset 0.78 2.00 3.11 10.24 1.60
Top ring 2 

height
1.07 2.00 4.97 16.34 4.24

Error pool 1.22 4.00 0.30 33.54
TOTAL 10.94 12.00 100.00

Table 13.7  ANOVA table for “Masculine–Feminine”

Source SS dof MS F %Cont.

Total height 1.24 2.00 0.62 6.42 17.71
Ring 1 

height(e)
0.21 2.00 0.11

Ring 2 
height(e)

0.18 2.00 0.09

Ring 1 offset 0.73 2.00 0.36 3.76 9.02
Ring 2 offset 2.94 2.00 1.47 15.23 46.48
Top ring 2 

height
0.62 2.00 0.31 3.21 7.21

Error pool 0.39 4.00 0.10 19.59
TOTAL 5.91 12.00 100.00
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F(2,4) = 10.24, p < 0.05; and F(2,4) = 16.34, p < 0.05, respectively. And finally, for 
adjective word pair “Masculine–Feminine”, Table 13.7 shows the combination of 
shape parameters: Total height, Ring1 offset, Ring2 offset and Top ring2 height are 
the most influential shape parameters with significance effects: F(2,4) = 6.42, p < 0.1; 
F(2,4) = 3.76, p < 0.2; F(2,4) = 15.23, p < 0.05; and F(2,4) = 3.21, p < 0.2, respec-
tively. The confidence level of Ring1 offset and Top ring2 height is less than 90 %.

It seems shape parameters give different influence to evoke impressions. It is 
observed that the diameter in Ring1 offset and Ring2 offset, and the height between 
shoulder and body play an important role in giving impressions of all adjective 
words to customers. Bottle’s Total height seems to be affecting the impressions of 
“Ordinary–Stylish”, “Simple–Sophisticated” and “Masculine–Feminine”, while 
Ring1 height seems to be evoking the impression of “Childish–Adult”. Ring2 
height is not giving influence for evoking all impressions.

In spite that the combination of shape parameters for “Ordinary–Stylish”, “Simple–
Sophisticated” and “Masculine–Feminine” are same, the level combination of the 
shape parameters could not be determined using ANOVA. From these tables, ANOVA 
indicates that the shape parameters have a different average results from level to level.

Comparison to the combination of control factor that affecting Kansei words from 
Taguchi S/N ratio and ANOVA was performed. The comparison shows that ANOVAs 
present the similar result to S/N ratio result, despite that ANOVA cannot identify the 
control factors’ level. This implies that ANOVA confirm the results from S/N ratio.

13.2.8  Mapping of Kansei Weight to Design Elements

In the previous section, it can be observed that Taguchi method was able to recog-
nize the optimal control level at fix parameter level number. In this section, a basis 
of interactive aesthetic system design was created by utilizing factor analysis and 
neural network (NN). Figure 13.14 shows the flow in robust design method when 
applied in interactive aesthetic design. The aesthetic target values represented by 
Kansei word were map to design parameters. Range of the aesthetic target value 
was made from 1 to 5. Factor analysis and neural network were applied for the 
purpose of mapping.

Fig. 13.14  Mapping 
aesthetic value to design 
parameters
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Factor analysis was used to reduce the dimensionality of the data and also to 
eliminate data with less variance contribution. In this way, data that really reflect-
ing the customers’ Kansei can be obtained. First, design parameters’ level with 
high S/N ratio were selected, after that, the output average of each design param-
eter were summed. If the summation is less/more than the target value, then less 
important design parameters’ level were changed to the second highest S/N ratio. 
Then, the summation of the design parameters was compare to the aesthetic tar-
get value. This process was repeated until the target value is achieved. The design 
parameters subject to change the level are the design parameters which insensitive 
to the inconsistency of customer impression.

S/N ratio and output average data were used for factor analysis. Components with 
eigenvalue greater than 1 were extracted, resulting on 79.23 % of cumulative vari-
ance contribution. Factor 3 has eigenvalue less than 1, nevertheless, it contributed to 
16.44 % of variance, and therefore was included in the extracted factors. The cumula-
tive contribution of the three factors was 95.67 % as shown in Table 13.8. The result 
after varimax rotation is shown in Table 13.9. Principal component score can be 
obtained from multiplication result of kansei weight and component loading matrix.

Multilayer feed forward back propagation neural network was used to map princi-
pal component score to design elements parameter. The input for the neural network 
was the principal component score, and the output of the network was the design ele-
ments parameter. The architecture of the neural network consisted of three nodes in the 
input layer, ten nodes in the hidden layer, and six nodes in the output layer. Table 13.10 
shows the mapping result of the NN when Kansei points in Table 13.11 is inputted. 
From this table, it can be observed that the accuracy for neural network to map the 
aesthetic value to design parameters is 50–75 %. The neural network was trained with 
a small number of data, since only 21 data were obtained during the questionnaire. 
Training the network with more data might improve the accuracy of the network.

Table 13.8  Principal component analysis

Component Initial eigenvalues Extraction sums of squared loadings

Total % of variance Cumulative % Total % of variance Cumulative %

1 2.141 53.517 53.517 2.141 53.517 53.517
2 1.028 25.708 79.225 1.028 25.708 79.225
3 0.658 16.439 95.665 0.658 16.439 95.665
4 0.173 4.335 100.000

Table 13.9  Rotated component loading matrix

Component

1 2 3

Simple–Sophisticated 0.973 0.026 −0.041
Ordinary–Stylish 0.779 0.471 0.272
Masculine–Feminine 0.143 0.970 0.144
Childish–Adult 0.057 0.150 0.984
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13.3  Kano Model

Kano model is used to enhance the quality feeling of the aesthetic design. 
Customer aesthetic satisfaction can be improved using Kano model. The quality 
feeling is enhanced by multiplying design elements parameter to Kano weight.
The Kano weight was obtained from Kano questionnaire. Kano questionnaire was 
created and presented to 11 respondents of university students with Japan national. 
In Kano questionnaire, the aesthetic criteria were classified based on customers’ 
aesthetic needs. Table 13.12 shows the result of the Kano questionnaire which pro-
vided information for classifying criteria. The criteria of “Ordinary–Stylish” and 
“Masculine–Feminine” can be considered excitement needs; “Childish–Adult” and 
“Simple–Sophisticated” can be considered performance needs. Efforts should be 
directed toward the at excitement and performance needs. The Kano classification 
corresponding to each criterion was the integrated to adjust the criteria weight by 
multiplying the adjustment coefficient (K) with each Kano category.

S/N ratio of the four aesthetic criteria was used for calculating raw weight 
criteria. Equations (13.5–13.7) were used to calculate the raw criteria weight. 
Adjustment of each criteria weight according to its Kano category was performed 
by integrating the Kano model to the raw weight criteria. Equation (13.4) was 
used to calculate the final adjusted weight, which explaining about the prioritiza-
tion related to customer satisfaction. Table 13.13 shows the result of the adjusted 
weight incorporating with Kano model. These results imply that excitement needs, 

Table 13.11  Kansei words’ weight

Kansei columns

Target impression weight

Adult Stylish Sophisticated Feminine

Childish–Adult 5 1 1 1
Ordinary–Stylish 1 5 1 1
Simple–Sophisticated 1 1 5 1
Masculine–Feminine 1 1 1 5

Table 13.10  NN result

Impression Optimal control level dimension

Childish–Adult Ring1 height (0.6998 mm), Ring1 offset (5 mm), Ring2 offset (5 mm) 
and Top ring2 height (24.95 mm).[50 % accuracy]

Ordinary–Stylish Total height (1.0 mm), Ring1 offset (−4.52 mm), Ring2 offset 
(−4.99 mm) and Top ring2 height (5.04 mm). [75 % accuracy]

Simple–Sophisticated Total height (1.0 mm), Ring1 offset (−5.42 mm), Ring2 offset 
(-4.99 mm) and Top ring2 height (5.04 mm). [75 % accuracy]

Masculine–Feminine Total height (1.0 mm), Ring1 offset (−4.52 mm), Ring2 offset 
(−4.99 mm) and Top ring2 height (5.04 mm).[50 % accuracy]
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such as “Ordinary–Stylish” and “Masculine–Feminine”, must be prioritized. 
“Childish–adult” and “Simple–Sophisticated” were categorized as performance 
needs, and therefore received the second priority.

13.4  Development of Aesthetic Shape Generation System

Aesthetic generation system was developed as an intelligent tool inside 
Solidworks through the use of its application programming interface (API). The 
APIs are implemented by writing function calls in the program, which provide 
linkage to the required subroutine for execution. In Solidworks, the API is writ-
ten in Visual Basic language with Microsoft Visual Basic for Application (VBA). 
Microsoft VBA is a toolset based on Microsoft Visual Basic 6.0 and is embedded 
inside Solidworks software. It enables automation process by calling Solidworks 
functions from the code writing on VB application. The aesthetic system was built 
based on the robust design approach and Kano model.

Figure 13.15 shows the interactive aesthetic evaluation interface.
The system can help designer to make an aesthetic PET bottle design designer 

aesthetic intention. The integration of Kano model to the robust design ena-
bles the system to enhance the aesthetic criteria. First, designer input the tar-
get impression for each pair of Kansei words. Then, by clicking the button 
“Calculate parameters”, system calculates the aesthetic weight to the appropriate 
value of design parameters. System also calculates the Kano adjustment weight 
for aesthetic design enhancement. Finally, by clicking the button “Generate 
model”, system generates the aesthetic PET bottle model according to designer 
target impressions.

Table 13.12  Kano questionnaire result

Aesthetic criteria E P B I R Kano category

Childish–Adult 3 7 0 0 1 P
Ordinary–Stylish 2 2 0 2 5 E
Simple–Sophisticated 1 6 0 2 2 P
Masculine–Feminine 6 4 0 0 1 E

E excitement, P performance, B basic, I indifference, R reversal

Table 13.13  Kano weight for aesthetic impression

Impression Childish–Adult Ordinary–Stylish
Simple– 
Sophisticated

Masculine– 
Feminine

Kano weight P E P E
K 2 4 2 4
Raw weight 0.339961 0.339786 0.339743 0.339903
Adjusted weight 0.166722 0.333274 0.166615 0.333388
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Figure 13.16 shows the PET bottle model before generated by the system (a) 
before integrating Kano model and (b) after integrating Kano model to the robust 
design approach. The bottle shape was generated when designer was inputting the 

Fig. 13.15  PET bottle interactive system design

(a) (b)

Fig. 13.16  Aesthetic model enhancement using Kano model. a Before kano model analysis. b 
After kano model analysis



21713 Robust Design on Emotion for PET Bottle Shape Using Taguchi Method

target value of “5” for all Kansei word pairs. Visual comparison between PET bot-
tle design before and after the application of Kano model shows that the design 
after the application of Kano received enhancement on the design parameter of 
Ring1 offset and Ring2 offset, which cause the model look more appealing in 
terms of the four pairs of Kansei words. From these figures, it can be observed that 
Kano model is enhancing the aesthetic impression.

13.5  Conclusion

This study attempts to study how PET bottle shapes affecting customers’ impres-
sions. This study analyzes the relationships between customers’ emotion and PET 
bottle design elements using robust design approach. The study utilizes robust 
design approach and Kano model to optimize the quality of aesthetic satisfac-
tion. Robust design method has been applied to obtain the optimum combina-
tions of design elements that closely match to customers’ desired impressions. 
The application of robust design helps designer to identify design elements that 
important for influencing impressions. By obtaining optimal combinations of 
design elements levels, design which stable/independent to the inconsistency of 
customers’ impression can be achieved. Result of the study shows that custom-
ers Kansei responses consisted of four emotional factors. It was also shown that 
bottle’s height, bottle’s curve and curve’s height play important role in giving dif-
ferent impressions to customers. The result can be used to evaluate and enhance 
future PET bottle shape presentation image designs. The Kano model enhanced 
the aesthetic design by giving emphasis on the aesthetic criteria that related to 
customer satisfaction.

An interactive system design has been built based on the robust design and 
Kano model approaches. The system was able to assist even non designer to create 
a personal PET bottle shape that closely satisfy his/her desired impressions. The 
robust design approach can also be applied to other product design.
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Abstract In recent years, the production of consumer goods has exceeded that of 
industrial products. This has led to changes in the areas of design and production. 
The target users of industrial products (in the Business to Business—B2B market) 
are industries that decide to purchase a product on the basis of its technical features, 
functions and performance. Differently, the target users of consumer products (in 
the Business to Consumer—B2C market) are the consumers who choose a product 
driven by other aspects, besides features and functions, such as the perceived value, 
the expected benefits, the emotions elicited, as well as features and functions. This has 
brought a paradigm shift in the design process. And in fact, the design of consumer 
products is increasingly focusing on the so-called user experience. The designer must 
not design only the product, but also the user experience in relation to its use. The 
resulting product should have a high perceived value and generate positive emotions 
in the consumer. These factors make a successful product on the market. Therefore, 
the role of the designer is designing the products and the perceptual aspects of their 
use, that is, designing the user experience and deriving from that the products’ speci-
fications. Consequently to that, the design process has changed in the last years.  
In fact, the user is now at the center of the design process, named user-centered 
design. Being the new focus the target users, the evaluation of their interaction with 
the new designed products is expected to be rigorous and systematic. An efficient 
approach has proved to be one in which the validation is made up by involving users 
in the early stages of the product design. Since typically at the level of the concept the 
product, or a prototype that is comparable with it at the perceptual level, is not avail-
able, it is not possible to make a thorough validation of its use with users. However, 
new methodologies of Virtual Prototyping allow us to simulate multisensory user 
interaction with product concepts early in the design process. This chapter introduces 
the use of interactive Virtual Prototyping (iVP) methodology for the design of the user 
experience with the concept of a new product. Interactive components of new products 
and their behavior are simulated through functional models, and users can experience 
them through multisensory Virtual Reality (VR) technologies.
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14.1  Introduction

Product innovation refers to the design and implementation of newly designed 
products, which are proving successful in the market for their novel aspects, which 
may concern aesthetics, functionality and usability. Product innovation is based on 
a first generative phase in which many solutions are proposed in response to an 
initial market question [1, 2]. A creative approach of the designers and engineers 
at this stage is crucial in order to identify genuinely new solutions. Obviously, the 
creative phase is also very exploratory, and the set of solutions identified must then 
be carefully analyzed in order to discard most of those and preserve the one to 
implement.

The traditional approach of design is based on the proposition of engineering 
(technical and quantitative) questions that focus the research of the design solu-
tions on issues relating to the efficiency and effectiveness of the product, in rela-
tion to the task it must perform.

A product is designed and produced for its consumers, and this is especially 
true for consumer products, that is, those goods intended for direct use or con-
sumption by the average consumer. Consumers buy a specific product for several 
reasons, for example, because of its price or brand. Or for its features, for its spe-
cific functionalities, but also for the perceived benefits the product delivers. These 
aspects are related to the perceived value of a product, which can be defined as 
the mental estimation a consumer makes of it [3]. When considering consumer 
products, the consumption experience is the true value of a product for consumers.  
In this view, the consumers, and all issues related to them like feelings, prefer-
ences, emotions, become central in the design of a new product.

Actually, the traditional design approach based on engineering questions is  
independent of considerations related to the consumer. The questions that the 
designer must answer concern engineering aspects, such as Does the solution work? 
Are consumption and cost optimized? Is the product sturdy, durable, etc.? Such 
questions certainly do not consider the preferences of the user of the product. In fact, 
questions that can be defined as emotional questions are not typically raised, such as 
Does the user like the product for what concerns its aesthetics, usability, comfort? 
Which are the user preferences? Does he prefer solution A or solution B or rather C?

As it is demonstrated that emotional aspects contribute greatly to the success of 
a product and to the affection of the users for that product or brand at long term, 
today’s design cannot ignore the study of the emotional aspects, since the early 
stages of the product concept [4]. The bond of an individual to a product is signifi-
cantly driven by the emotional-subjective values. Actually, emotion is one of the 
strongest differentiators in user experience principally because it triggers uncon-
scious attitude and mood in relation to a product [5].

Nowadays, users have clear expectations about a product. For example, they 
assume that a product works properly and also that they have the possibility of 
choosing among many comparable alternatives at the moment of purchase. What 
is becoming evident is the importance that the user (a potential customer before 
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becoming a user) really likes the product, from various perspectives, and chooses 
it among a set of alternative products offered by competitors. So, it is important to 
ensure that the product captures the preferences of the user through several fea-
tures, such as form, finishing, material, meaning and others.

Therefore, generating positive emotions in consumers becomes an essential 
design issue. In the view of designing a successful product, the designer should 
now favor the users’ preferences, rather than the product performances. And this 
is why emotion becomes one of the key requirements of design. As the emo-
tional responses should be predicted already during the conceptual phase, the 
drivers of the emotions can be intended as tuner for design: an elicited negative 
emotion can be used to change the product features as long as a positive emotion 
is yielded.

Engineering questions usually generate answers and solutions that are well 
analyzed, observable, measurable and quantifiable. Instead, how to under-
stand and consider the implicit and explicit desires and feelings of the indi-
vidual, how to measure the emotions and how to trigger them when interacting 
with the product are actually open issues. An additional issue is also about how 
to test the design solutions, considering the emotional aspects and not just the 
functional ones. Or indeed, the question to answer is about how to organize the 
design requirements around the emotions that embody users’ expectations and 
preferences.

Users learn about products through a direct experience, which happens through 
an actual interaction with the product. People interact with everyday objects 
through sensory dimensions, which include vision, touch, hearing, smell and taste. 
This experience is also important when purchasing a product. Actually, it is also 
on the basis of the kind of experience one makes that one chooses and buys a 
product rather than another one.

When considering the interaction between a user and a consumer product, the 
sense of touch is a fundamental part of our experience. In fact, everyday, we use prod-
ucts and we also use our sense of touch as an integral part of our experience when 
using these products. It has been demonstrated that the design requirements should 
also address haptic interaction with products, including the user emotional engage-
ment [6]. Haptic interaction design (HID) is then a topic of major importance deserv-
ing study and experimenting [7], as well as sonic interaction design, since touch also 
works in tight partnership with vision and hearing in many ways [8]. So, it is neces-
sary to consider the user interaction with the product as a multisensory experience.

This chapter first describes the evolution of the design context, where in the 
last decades we have assisted to an evolution of machines, systems, products and 
services, and accordingly the changes in the design methodology and paradigms, 
in the role of designers, and in enabling tools as well. Then, the chapter reasons 
about the relationship between consumers and products, including perceived value 
of a product and user interaction with a product. The two subsequent sections pre-
sent issues about user experience design (UXD) and how iVP can be used for the 
simulation of the user experience, including two case studies as examples. Finally, 
the last section presents the conclusions.
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14.2  The Evolution of the Design Context

In order to fully understand the present design practice and its evolution trend, 
it is useful analyzing the evolution of design, also in relation to the kinds of 
artifacts it addressed. This section presents the evolution of the design context 
where we analyze the objective and output of the design, the design process, 
the role of designers and the enabling design methods and tools. These issues 
are tightly correlated; for in the last decades, the design process has evolved, 
in accordance with the evolution of the typology and complexity of the arti-
facts, and new tools have been introduced, and also designers have taken on 
new roles.

14.2.1  Machines, Systems and Products

Traditionally, the designers’ activity was about creating and designing machines. 
Machines were intended as devices consisting of fixed and moving parts that 
modify mechanical energy and transmit it into a more useful form [9]. Therefore, 
machines were built with the aim of satisfying functions, generally oriented to 
help humans in doing things usually amplifying their craftsmanship and skill, by 
decreasing risk, fatigue, etc. In that time, users’ expectation was that the machine 
operates properly and does not break.

Besides machines, systems have been subjects of study for design teams. 
Systems are more complex than machines, as they consist of groups of interact-
ing, interrelated elements forming a whole complex. Systems are characterized by 
being multitechnological and with embedded controls and usually can be made up 
of mechanical electronic, pneumatic and oleodynamic components. Systems con-
sist of assembly of subsystems, based on varied technologies for operating as a 
whole. Also for complex systems, the expectations of users are essentially related 
to technical functions, with an emphasis on reliability, fault tolerance, adaptability, 
flexibility, etc.

While technical systems can be part of a whole without any relation with 
humans, and only interact with other technical systems, products are strictly 
related to their users. A product can be defined as anything that can be offered 
to customers, which might satisfy a want or a need. The increasing spread of 
products with respect to systems has been accompanied by the growing impor-
tance of the users in relation to the products. Their satisfaction about the prod-
uct is of primary importance for its success. Besides, designing a product also 
means designing the market addressed by the product and the accompanying 
services [10, 11].

In summary, the subject of design includes machines and systems, which have 
little to do with users, and products, which conversely have a strong relation with 
their users.
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14.2.2  Functions and User Experience

In case of machines or systems, the users’ main interest is focused on issues con-
cerning their functions and technical features. Actually, it is important that the sys-
tem that works well, does not break, is efficient and performing. Accordingly, the 
design is primarily aiming at ensuring these characteristics.

But in recent years, the focus has shifted. In fact, innovation in design is also 
crucial when delivering systems and industrial products more generally. Innovation 
has to do with the improvement of existing products or with the development of 
new products, which have new features, new aesthetics, new materials, etc. The 
technological innovation is accompanied by an additional value, namely the user 
experience, which is related to the effects that the product’s use have on users.

These effects are particularly important in relation to the first contact that 
a customer has with a product during the purchasing decision process. Most of 
the times, the customers choose and buy what they like most. The motivation is 
often not clearly expressed or expressible and is somehow related to the emotional 
response, which induces the user to prefer a product to another.

In this changing and evolving context, also the design process has evolved 
accordingly, as described in the following section.

14.2.3  The Evolution of the Design Process

The design process has followed the evolution of the typology of designed artifacts. 
At least four types of design processes and approaches can be identified, which are 
related to the kind of users’ needs (explicit or unspoken) and to the kind of products 
(incremental or new) (Fig. 14.1). The first are the design questions, and the second 
are the answers to the design questions, that is, the design solutions.

1. Explicit needs versus incremental products. The design of a product typically 
answers to a question derived by the analysis of the users’ needs. The design can 
be very traditional and proposing an incremental development of a product built 
on previous products, engineering solutions and components. This kind of design 
process traditionally includes several phases aiming at obtaining a definition of a 
product that is detailed enough and also optimized for the following manufactur-
ing phase [12]. These phases include conceptual phase and detailed design phase, 
evaluation phase and redesign and optimization phase. This approach is very typi-
cal and somehow conservative and is adopted by several companies developing 
products based on incremental solutions that answer to present users’ needs.

2. Explicit needs versus radically new products. The design activity can bring to 
the definition of new products, which answer to questions explicitly posed by a 
group of target users. In order to make the proposed product a successful one, the 
design must be a response to an actual user demand. This approach is typical of 
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technology-push paradigm, where the design solutions developed can be intended 
as answers for the current traditional market or can even open new markets [13]. 
For example, the PC laptops were new products based on an incremental design 
that at that time satisfied the present market; instead, video game consoles were 
new products, creating the very new market of home video games back in the early 
1980s.

3. Unspoken needs versus incremental products. The design can also be based on 
latent and unspoken needs that are somehow described, typically by marketing 
experts. Traditionally, users’ needs and requirements are collected and identi-
fied through surveys that are carried out by companies’ marketing departments. 
Many studies have shown that user’s needs surveys based on customers’ state-
ments do not express real customer needs [14, 15]. Currently, in order to over-
come these problems, some other methods are used. For example, ethnographic 
methods are used to study the behaviors of a small number of testers when 
using products. However, some issues still remain, despite attempts to improve 
survey methods for users’ needs collection. These issues relate to the difficulty 
in collecting data about “unspoken” customer needs, which could represent 
the most important input for defining the requirements of new and innovative 
products. Once the unspoken needs are identified, the designers proceed in the 
search for possible solutions to the questions posed by the requirements. Since 
the solutions can be many and varied, the designs require performing careful 
tests, followed by optimization, in order to converge to the final and optimum 
solution. Products answering to unspoken needs can be suitable for the present 
market. An example is that of the electric city cars. Besides, there are prod-
ucts that open new markets. An example is the Roomba vacuum cleaning robot, 

Fig. 14.1  Kinds of products 
versus users’ needs
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which is not a totally new product considering its functionality, but has cer-
tainly opened a new market in the field of household appliances [16].

4. Unspoken needs versus new products. Finally, a new design can be developed for 
satisfying unspoken needs. This can lead to the design of completely new prod-
ucts. Given the uncertainty of users’ acceptance, the product has to be developed 
by holding the users in high regard and often involving them in the validation 
phases of the design choices. Actually, the level of success is less predictable 
than in the previous cases, and therefore, a more careful analysis and testing is 
required. The Segway is an example of an innovative product designed for satis-
fying unspoken users’ needs, which has been created for a traditional market that 
is the one of personal mobility [17]. Instead, recent examples of innovative prod-
ucts created for a completely new market are personal 3D printers, which allow 
us to easily and directly create physical objects from 3D models [18].

14.2.4  People Responsible for the Design Results

Within the evolving context presented so far, also the role of the people respon-
sible for the design process has changed in years (Fig. 14.2). Various skills are 
required to manage the various phases in the design process.

The roles of the various expertise involved in the design process can be listed as 
those who

– define the requirements
– propose the solutions
– decide and organize the validation

Fig. 14.2  Roles of people involved in the design with respect to the evolution of the design  
subjects (machine, system, product, market)



226 M. Bordegoni et al.

– validate the product
–  choose among the various alternatives during the process and are in 

charge and responsible for the design as a whole

The design of machines was mainly carried out by mechanical engineers who 
approached the design problems from a functional point of view and often start-
ing from known solutions. With the increasing complexity of machines, the role 
of designers has become multidisciplinary. Actually, design teams have replaced 
designers, and the system engineer is the one who designs the architecture of com-
plex systems and who coordinates the design and assembly of subsystems.

The requirements of modern products are not primarily and uniquely related 
to engineering and technical questions, and the design process does not follow 
the traditional sequence of mechanical product design, as well as the role and 
kinds of practitioners involved have changed. In the view of designing products 
that are successful with users, it is important that designers always keep in mind 
who the end user of a product will be. Industrial designers have key roles and 
are sort of product architects, the ones who collaborate with several experts and 
have a whole vision of the product. They are called to design innovative solu-
tions to real market problems and to define the overall product architecture and 
are expected to work closely with product and marketing managers, user interac-
tion designers and software engineers to develop new products and to improve 
existing ones. This new figure of designer is knowledgeable about design (shape, 
aesthetics, ergonomics) and engineering (function, materials and production).

It is quite typical of the consumer market that marketing people give input to 
the design process of new products, by defining the initial requirements. Then, 
those are transformed into other kinds of requirements by the industrial design-
ers, and by the system engineers, and eventually are handled by the mechanical 
engineers. It appears increasingly strategic that user interface and interaction 
aspects are considered since the beginning of the design process, for they may 
influence the design decisions throughout the process, especially for what con-
cerns the way of using a product. For example, an interactive device should 
be designed differently if the potential user is someone usually working with 
a computer, than if it is designed for an elderly person, with a limited or no 
experience with computers. And therefore, today’s designer is also the one who 
starts designing the users’ experience, also named experience designer.

14.2.5  Design Methods and Tools

The design process has evolved over the years, and its evolution has been par-
tially driven by the progresses of technology. Actually, the design process has 
changed since when digital tools have been integrated into the overall product life 
cycle management. At the beginning of the introduction of digital tools into the 
design process, design tools were used for replicating the production of design 
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deliverables, that is, drawings. Today, digital tools are more intended to integrate 
and collaborate with the designers so as to expand their joint capabilities used to 
design and also test the results of the design activity.

Figure 14.3 shows a diagram reporting design methods versus tools. Design 
methods are classified as function-based and use-based, and design tools as  
geometry-centered and interaction-centered. Hereafter, we describe in details the 
evolution of digital methods and tools for product design and testing, including 
Digital Mock-up, Virtual Prototyping and iVP.

14.2.5.1  Digital Mock-Up: Function-Based: Geometry-Centered

The activities concerning the design of products are supported by various tools, 
which are mainly based on a geometric representation of the product and aiming at 
solving engineering and functional problems. Computer-aided design (CAD) tools 
support the geometrical description of products, including details as dimensions 
and tolerances.

Digital Mock-Ups (DMU) have been introduced to simulate and test the 
behavior and the performance of the components of products designed by using 
CAD tools. DMU are typically geometry-based, where the geometry of the sys-
tem, subsystems and components is precisely defined [19]. The features describ-
ing the product, which are necessary for assessing its behavior and performances, 
are attached to the geometry. The DMU is therefore a static representation of the 
product or system, which can be used for simulating the movement of the various 
parts with the aim of detecting clashes, collisions and interferences, and simulat-
ing assembly and disassembly activities.

Fig. 14.3  Design methods 
versus tools
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Various functional models can be derived from the DMU, which can be used 
for testing specific aspects of a product, for example, structural models, dynamic 
models. Much of the embodiment and detailed design phases of mechani-
cal design consist of ensuring that the components in the design will not fail 
mechanically, either through excessive stress or through excessive deformation. 
Initially, this is done by using simple mathematical models. Then, more elaborate 
analysis methods are used, such as finite element analysis or computational fluid 
dynamic analysis.

The results of each test and analysis are used to solve a specific design prob-
lem, which does not necessarily mean optimizing the overall design of the product.  
In fact, the optimization of one aspect made on the basis of the analysis results 
may impact on other aspects. Therefore, there is a great need for more comprehen-
sive testing methods.

14.2.5.2  Virtual Prototyping: Function-Based: Interaction-Centered

Virtual Prototyping is instead a common practice used to test the design solu-
tions mainly with the aim of evaluating product function performance [20]. Virtual 
Prototyping consists of a combination of single- or multidomain functional models, 
which fully represent the physical behavior of a product, and VR technologies, which 
are used to give realism to the product representation. The geometry of the product can 
be simplified and is not anyhow the core of the prototyping; on the contrary the func-
tional models are. The functional models can be modified during the testing phase, and 
the results are evaluated globally, thus providing a comprehensive view of the product.

In addition, VR technologies are used to realistically represent and render the 
virtual prototypes to users [21]. Most of Virtual Prototyping has been based on the 
use of visualization technologies, such as stereoscopic displays. In a sense, they 
are sort of “visual prototypes,” where the realism of the representation is focused 
on the visualization of the product features. In order to overcome this limitation, 
recently Virtual Prototyping has integrated haptic technologies for simulating the 
physical contact and haptic interaction with products [22, 23].

Virtual Prototypes can also be used for testing the product design with end users. 
In this case, they can be used and operated by users with the aim of testing specific 
product features. The design configurations that can be tested are actually limited 
and must be predefined by the design team. So, users can say which configuration 
they prefer, but they cannot ask and try any other configuration outside those ones.

14.2.5.3  iVP: Use-Based: Interaction-centered

It is reasonable expecting that the design of a product that is typically used inter-
actively by users would start by focusing on the interaction, instead of on the over-
all product. Therefore, before designing the product, the focus should be put on 
the design of the user interaction. In this case, the design team should work on 
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the design of the product use, independently from how the product itself will be 
designed. iVP is aimed at supporting this activity [24]. This capability is particu-
larly important for the validation of the initial conceptual design of such products, 
as those for the consumer market. In fact, in this case, the prototype is used early 
in the design phase for simulating the behavior and the interaction of something 
that is meant to be used by a person.

In conclusion, changes in design over the last decades have brought us to the 
present situation, where the product design starts, being focused on the design of 
the user experience. Proposed new methods and tools for the evaluation of user 
interaction to use early in the concept phase are based on iVP, which gives target 
users the possibility to try and test early simulations and variants of the user expe-
rience with new products.

14.3  Consumer–Product Interaction

It has been previously claimed that in the evolution of the products, of the users’ 
expectations, and of the design methods, the attention to those who are the users 
of the products has grown to the point that the design of consumers’ products put 
the user at the center of the design process. The focus is on the so-called user- 
centered design, which primarily addresses the user experience with a product 
during its conceptual design. The following sections address some definitions and 
issues related to consumer products, perceived value for users and salient attrib-
utes of these kinds of products.

14.3.1  Consumer Products and Their Perceived Value

Consumer products can be defined as goods that satisfy personal needs. They can 
be described as any tangible personal property for direct use or consumption and 
that are used for personal, family or household purposes.

From a production perspective, consumer products are the final result of manu-
facturing and are what a consumer will see on the store shelf. Household supplies 
and furniture, consumer electronics, jewelry, children’s toys, kitchen supplies and 
automotive accessories are all examples of consumer goods.

Consumer products are typically produced in volumes. Consequent their scales 
of production, consumer products represent a major global design and manufactur-
ing sector responsible for the production and supply of diverse goods. It can be 
reasonably said that consumer goods are universally the most competitive and fast-
est growing market compared with other products purchased only by industry and 
businesses.

The perceived value of a product is the personal estimation a consumer makes 
of it. The consumer’s perceived value of a good affects the price that he is will-
ing to pay for it. Generally speaking, consumers are unaware of the true cost of 
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production for the products they buy. Instead, they simply have an internal 
feeling for how much certain products are worth to them. Thus, in order to 
obtain successful products and a higher price for their products, producers 
may pursue marketing strategies to create a higher perceived value for their 
 products [25].

Traditionally, the reasoning about relative perceived value of products has 
been centered on fundamental concepts as features and functions, and cost. 
Customers buy products for their features (e.g., a mobile phone with a touch 
screen) or their specific functionalities (e.g., a mobile phone playing video and 
music). Similarly, potential customers make purchase decisions considering a 
product’s price. That is, how much a customer thinks that a product will cost 
him.

Today, these perceptions may not completely reflect reality. Recently, peo-
ple tend to buy products for the perceived benefits that they deliver. Features and 
functions, which are the main focus of product design specifications, are sort of 
container for delivering the benefits that are desired by customers. A product may 
meet objective performance criteria, which are typically validated by analytical 
or physical laboratory tests. But a product is successful only if the customers and 
consumers recognize that the product actually delivers some benefits. And it is 
also worth noticing that the perception of the customer about the product is central 
in the purchasing experience.

Formally, the value of a product may be conceptualized as the relationship 
between the consumer’s perceived benefits in relation to the costs of receiving 
these benefits [25]. It is often expressed as the equation: value = benefits/cost. 
Value is thus subjective, that is, a function of consumers’ estimation.

Today, regarding consumer products, the consumption experience is the true 
value of a product for consumers. A product purchase can be directed not directly 
toward a physical product, but rather toward a consumption experience, which 
consists of both cognitive and emotional activities [26].

Therefore, some of the issues that people consider before placing a value on a 
product are as follows:

•	 Attributes They include characteristics like size and color. For example, one 
consumer may prefer a pink mobile phone cover to a black one.

•	 Functional benefits This is what the consumer expects to gain from the 
product. It concerns all the advantages a product offers as compared to 
similar product offerings. For example, a product is easy to use, its design 
meets the expectations of the customer, it is easily available and it has a 
long lifetime.

•	 Emotional benefits This refers to the feelings evoked in customers while and 
after buying a product. The quality and reputation of the brand as well as the 
characteristics of the product play an important role in stirring feelings in cus-
tomers [4]. The feeling can be contentment, angry, excitement, etc. For exam-
ple, a lady decides to buy a dress according to how it fits on her body and also 
for the tactile feedback provided by the fabric.
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14.3.2  Salient Attributes of Products

Various attributes, named salient attributes, can be associated with products, which 
can be classified as follows:

– geometric/shape attributes
– material attributes
– functional attributes
– experience attributes

There are some products mainly containing shape attributes, which are visually 
salient attributes. These products can be assessed and selected by consumers merely 
through vision. An example of such product is a vase. When material attributes are part 
of a product, consumers typically desire to obtain further information using their hands 
to touch and feel the products, in addition to the visual exploration. A typical example 
is a dress. Functional attributes are related to what a user can do when using a product 
and to its performance. For example, some radio stations can be directly connected 
with our iPod and allow us to listen to our music playlist. Furthermore, there are some 
attributes of a product, which we name experience attributes, that consumers can only 
assess through actual use, or direct contact, with the products. These are, for example, 
taste, fit, softness and also ways of using the product through buttons, touch screens.

People explore everyday objects through sensory dimensions, which include 
vision, touch, hearing, smell and taste. Different types of salient attributes involve 
different sensory input in regard to consumption experience. For example, a pan 
can be experienced through vision and touch (to check its appearance and how 
much it weighs), a bar of soap through smell (to feel its fragrance). But basically, 
according to some studies, in most cases, people tend to explore objects through 
two sensory dimensions: vision and touch [27].

Already during a purchase experience, consumers learn about products through 
both direct and indirect experience [28]. The most effective is the direct experience, 
which happens through an actual contact with the product. This means touching, 
holding, handling, manipulating and using the product. Consequently, a major issue 
for companies is to identify which types of attributes are dominant, which are impor-
tant to consider when customers make purchase decisions. Therefore, it is important 
to be able to check the probability that a product can provide an expected experi-
ence before customers are confident in making a purchase decision. In order to be 
effective and relatively inexpensive, this check should be made at the concept design 
phase, when it is possible to perform the simulation of a consumption experience for 
consumers, which is assessed prior to the purchase or actual use of the product.

14.4  User Experience Design

User experience design (UXD) is part of the design of a new product [29]. 
UXD includes the definition of the interaction components, that is, their shapes, 
material and layout, and the definition of their behavior to users’ actions.  
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UXD refers to the application of user-centered design practices to generate pre-
dictive and desirable designs based on the consideration of users’ experience 
with a system. The practice includes the definition of the user interface, graph-
ics, and physical and manual interaction performed in close collaboration with 
target users.

Two very similar products, with the same look and the same functionality, can 
deliver experiences of different quality that users like differently [30]. Therefore, 
the user experience, once designed, needs to be tested with users in order to meas-
ure its quality and appreciation.

The experience of a person with a product occurs through direct contact and 
use. For example, the shape and material that constitute an object are relevant, 
as well as the modality of use and interaction with it. For this reason, a prod-
uct should be designed keeping in mind and focusing on the direct and physical 
interaction.

Part of UXD is the haptic interaction design (HID). HID is that phase of prod-
uct development where one designs the interaction with the product that occurs 
through touch and manual control [31, 32]. This activity includes the design of the 
physical interaction components and devices, as well as the design of the modali-
ties for interacting with them, also including the integration with other modalities 
as vision and sound (also named cross-modal interaction).

The kind of interaction designed depends on the product attributes and on its 
functionalities and also on the target users of the product. We can design prod-
ucts integrating haptic and touch as a novel interaction modality, which proposes 
users a new way of doing the usual things. Or we can even design a novel physi-
cal interaction that aims at creating new emotional and compelling experiences 
for the potential future users of the product. The design of haptic interaction 
devoted to skilled users requires the acquisition of knowledge about the users’ 
skills and dexterity, about the users’ objectives in using the product, so as to best 
exploit the ways these users are used to do things and perform manual tasks.

So, the design team must deal with the design of the experience of a per-
son with a product, so as to optimize his enjoyment, satisfaction and positive 
emotional response. A major issue is how to check if the designed experience 
is really satisfactory. This issue is actually difficult to address, since it implies 
that it is necessary to have a properly functioning product that one can use for 
testing, before the real final product is available. iVP, based on the simulation 
of products behavior and use, has demonstrated to be effective for this purpose.

14.5  Interactive Virtual Prototyping

This section introduces the concepts related to interactive Virtual Prototyping 
(iVP), which is proposed as a product concept evaluation methodology for testing 
the use of products with users, for evaluating the users’ experience and ultimately 
for compiling the list of specifications for product design [20, 33].
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Interactive Virtual Prototypes can be used in two ways:
1. for verifying and validating the behavior of a designed product with people 

(potential customers and consumers) and also
2. for evaluating variations in interaction experiences and identifying the ones that 

people (potential customers and consumers) like more.

In the first case, the iVP can be used for testing the design solutions that respond 
to user’s needs and requirements, and this is typically done when the design is 
advanced enough. The second one can be used to test proposed novel interactive 
solutions with users, when the product has not been yet fully decided and designed.

In both cases, for being beneficial, iVPs should be used in a continuous design-
validation loop, where a new interactive modality can be designed, soon after 
tested with users, and modified if necessary. This close loop requires that the iVP 
can be easily and quickly modified and adapted to meet the user’s preferences.

In order to satisfy all these issues, the iVP should have the following 
characteristics:

•	 Realism and fidelity The iVP should be perceived by the human senses 
exactly as a real prototype would be, hiding the complexity of the simulation 
and of the technology at its basis.

•	 Multimodality and multisensory interaction The iVP should support the same 
interaction modalities and stimulate the same sensorial channels, as it hap-
pens when humans interact with real products.

•	 Real-time feedback The iVP should react to user’s actions in real time (from 
the users’ perceptual point of view), with no perceivable delays. This require-
ment impacts also on the complexity of the product and on the behavioral 
simulation performances.

•	 Parametric The iVP should be based on functional models describing the 
behavior of each component to test. The models should be parametric, so that 
the behavior can be changed until an optimum is reached.

•	 Sharable among different users remotely located Sometimes the testing activ-
ities on the same product might be performed in different placed and also in 
different cultural contexts. Therefore, interactive Virtual Prototypes should be 
effectively used for this purpose.

14.5.1  iVP Architecture

The architecture of a framework for iVP consists of three main components: 
the Functional Mock-Up (FMU), consisting of functional models, describing 
the product behavior and the user interaction model, including a perceptual 
model for each human sense, which actually implements the user interaction, 
and the multisensory VR environment for performing and handling the user 
interaction in a realistic way (Fig. 14.4). The three components are described in 
the following.
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14.5.1.1  Functional Mock-Up

The FMU includes functional models and related functional simulation tools. The 
FMU is based on the definition of several elements, one for each effect that one 
wants to simulate. A set of parameters is used to describe the behavior of each ele-
ment, which is simulated by multiphysics functional simulation tools. All these 
elements are integrated into a unique and comprehensive model, named the multi-
domain functional model. As an example, let us consider the FMU built for simulat-
ing the door of a refrigerator. In a real refrigerator, there can be several functional 
elements, each representing an effect: the element simulating the effect of the mag-
netic attraction of the door when it is closed, the element simulating the effect of the 
gasket when opening/closing the door, the element related to the sucker-like effect 
generated by the air contained in the refrigerator, the friction and inertial effects gen-
erated when opening/closing the door, etc. These elements are set as parametric, and 
the parameter values can be changed for setting the final behavior perceived by the 
user during the interaction, which is performed by the multiphysics simulation tool. 
FMU is generally a mathematical complex structure, whose computation is time-
consuming and typically not running at real time. For this reason, they cannot be 
used straightforward in interactive applications, and alternative solutions are required 
for mapping the output of these models into values that can be handled at real time.

14.5.1.2  User Interaction Model

The output of the FMU consists of parameters concerning velocity, accelera-
tion and force related to the simulated effects. These parameters can be mapped 

Fig. 14.4  Framework for iVP
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into a user interaction model, which consists of a set of parametric perceptual 
models that define the behavior of the product defined at the user perception 
level. Each model addresses a sensory channel: visual, sound and haptic. These 
models, including their parameters, are rendered to the user through appropriate 
VR technologies (3D displays, stereo glasses, haptic devices, auditory devices, 
etc.) [21]. While visualization and auditory interaction modalities are output 
modalities, the haptic interaction modality is of type input/output, which can 
be activated by users’ actions, and which reacts accordingly by exerting force-
feedback. These models are simplification of the FMUs, which can be used to 
render the effects at real time. For example, the behavior of the refrigerator 
door previously considered as an example can be simplified as a spring/damper 
element described by a force–displacement relation. This parametric model, 
where the displacement values can be changed, can be rendered to the user as a 
haptic feedback.

14.5.1.3  Multisensory Virtual Reality Environment

The third component consists of a Multisensory Virtual Reality Environment 
allowing multisensory and multimodal interaction. In the section about the evolu-
tion of design tools, it was mentioned that the practice of Virtual Prototyping has 
been based for years purely on visual representation of products. Actually, iVPs 
based on the solely visualization of the product are not good for testing the inter-
action with the product. For example, the study of the use of a door handle is inef-
fective if performed using a virtual model of the handle. In fact, the user cannot 
feel the contact with the handle, the mechanical response, etc. Therefore, it is evi-
dent that the realistic simulation of the physical contact of the user with the com-
ponent is important and allows users to feel and evaluate the geometrical shape of 
the product component, as well as the material properties, as elasticity, rigidity, 
plasticity, hardness, texture, etc.

For what concerns the physical interaction with the virtual prototype, modern 
haptic technologies can be used to simulate the physical interaction with a product 
component [24]. General-purpose haptic devices are not effective for the simulation 
of the interaction with any object, since they may have limited degrees of freedom, 
low force-feedback rendering values, or end-effector shapes that do not conform to 
the component shape [34]. A possible solution to this problem is to develop ad hoc 
force-feedback systems. Examples are the refrigerator door proposed in [35] and the 
car door described in [36]. Alternatively, it is possible to use commercial devices 
where the end effector is replaced or integrated with more appropriate handling 
tools. This second option, more flexible and general purpose with respect to the first 
one, has demonstrated to be feasible and effective in various set ups [37]. For exam-
ple, the end effector of a MOOG HapticMaster device [38] can be replaced with a 
door handle. An additional benefit is obtained if the handling tool is designed and 
then produced using a rapid prototyping technique. In fact, it can be easily and rela-
tively quickly re-designed and adapted so as to meet the users’ preferences.
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14.5.2  iVP and Users Tests

Interactive Virtual Prototyping is a practice used for validating the user interac-
tion with a product, which has been newly designed and is simulated in its various 
aspects. The validation is done through tests performed with users’ groups, during 
which the designed interaction effects are tested and evaluated. If the effects are 
considered unsatisfactory or unpleasant, they can be modified.

Two modalities can be used for modifying the product behavior and the interac-
tion effects:

1. Change the parameter values of the FMU. As an example, let us consider the 
development of the iVP of a knob. The FMU includes the dynamic friction 
model that describes the knob behavior when it is turned. The FMU is trans-
lated into an interaction model, consisting of torque values, which determine the 
behavior of the knob and which are rendered as haptic feedback by means of a 
haptic device. The user can ask to modify the reaction to turn. This can be done 
by modifying the dynamic friction model describing the knob behavior. Once 
modified, the FMU has to be re-mapped into an updated interaction model.

2. Change the parameter values of the user interaction model. One of the bene-
fits of operating at the level of the interaction model is that the modification 
of the effects can affect only one component, and the new configuration can 
be evaluated by considering the overall behavior of the product. Referring to 
the previous example, the knob dynamic friction model is mapped into a haptic 
parametric model, consisting of torque values. Besides, it can be added a sound 
parametric model, consisting of a set of clicks sounds, which is defined only at 
the interaction level. The effect conveyed to the user is both the force returned 
and the sound clicks played when the user rotates the knob. The user can ask 
for making the reaction force of the knob stronger, but without changing the 
quality and kind of the sound clicks. The modification of the haptic behavior 
can be done easily and directly by changing the torque values in the interaction 
model, without affecting the sound model and its output. This is feasible since 
the interaction models for haptic and sound are independent. The FMU has to 
be changed according to the changes made in the model at the interaction level.

At the end of the test sessions, the FMU includes all the functional parameters to 
use for designing the product, which the users tested, assessed and validated. The 
information included in the FMU in terms of functional model and parameter values 
can be used straightforward by an engineer as specifications for the definition of the 
CAD model of the product and its subsystems and components.

14.6  Case Study

The design methods based on the use of iVP presented in the previous sections 
have been applied and tested for the design and evaluation of the experience of use 
of some consumer products. Two examples have been selected:
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1. FMU of a dishwasher
2. Multisensory interaction model of a refrigerator door

14.6.1  FMU of a Dishwasher

The first case study consists of the simulation of the force returned on the user’s 
hand while opening and closing the door of a dishwasher. The aim of the simula-
tion is to analyze the interaction with the door and identify some new specifica-
tions for the re-design of the haptic feedback provided by the interaction with the 
door of new dishwashers, in accordance with the study results. The case study has 
been proposed by a company operating in the field of household appliances.

The analysis of the opening effect shows that the haptic feedback is a combina-
tion of the initial leaf spring (this is the click effect perceived at the beginning of the 
opening) and of the inertia of the door. Furthermore, static frictions and compres-
sion spring effects complete the overall effect. Traditionally, the door opening/clos-
ing force effect is not designed with particular attention to the experiential effects 
on the users (experience attributes), but it is designed so as to prevent any free 
movement of the door during its use (functional attributes). For example, when the 
user opens the door and subsequently releases it, the door does not slam and is grad-
ually braked up. This suggests that the design has focused on the functionality and 
performance of the product, rather than on the final effect experienced by the users.

On the basis of the door behavioral analysis, it has been defined a model of the 
door and a simulation of the opening effect. The simulation has been performed using 
the LMS-AMESim suite [39], which is one-dimensional simulation software tool for 
multidomain systems. Figure 14.5 illustrates the sketch of the door mechanical system 
developed using LMS-AMESim where the main parts contributing to the force are 
highlighted. In particular, it can be seen the contribution of the friction, of the springs 
and of the leaf spring. Furthermore, the sketch includes a function describing the 
human force exerted on the door. The one represented is a simulation of the human 
behavior while opening and closing the door, which is based on the results described 
in the work by Jain et al. [40], as well as on the results of a set of acquisitions per-
formed on the door of the dishwasher, as described in [41]. Basically, the behavior 
is represented as a ramp function. Different ramps can be simulated easily through a 
batch-run simulation, so as to verify the behavior of the door at different accelerations. 
This is very important in order to understand the efficiency of the door in different 
opening and closing conditions.

Figure 14.6 graphically shows the results of the behavior of the door obtained 
by changing the friction constant values.

If we aim at enabling the user to test the behavior of the door through a haptic 
interface, as, for example, the MOOG HapticMaster [38], we must take into account 
some important issues. The user’s input that has been treated as a ramp with varying 
peaks in the simulation described so far is actually varying continuously during the 
opening action. The door system reacts consequently to the user’s input. In order to 
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return to the user a realistic feedback in dynamic conditions, we should capture the 
force exerted by the user’s hand continuously and compute the angular position of 
the door in real time. This is unfeasible at the frequency required by the device to 
grant a fluid haptic interaction, which is typically of or is higher than 1 kHz.

A way to overcome this limitation consists of simplifying the model that can 
be tested by the user until real time is obtained. This can be done for example by 
summing up all the friction contributions so that eventually only one overall fric-
tion will be simulated. The same approach can be adopted for springs, dampers, 
etc. This simplified model is then translated into parametric equations that are ren-
dered through the haptic device. The user can test the force profiles and tune the 
haptic behavior of the door by asking some modifications that will be translated 
into parameters of the equations. Finally, the results can be used as input to the 
LMS-AMESim simulation model, by means of optimization tools.

Input Force

Frictions

Springs and door collisions

Fig. 14.5  Sketch of the door dishwasher mechanical system
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14.6.2  Multisensory Interaction Model of a Refrigerator Door

This second case study consists of designing the experience of a user interacting 
with the door of a new refrigerator. For what concerns the functional model, the 
effect of opening the door has been derived from the analysis of the CAD models 
and from some measurements performed on a real refrigerator door. Specifically, it 
has been analyzed the door, its shape, users’ handling and the door physical behav-
ior. Subsequently, it has been simulated the physical handling of the door. The 
overall effect has been divided into the following steps:

– initial effect due to the mechanism for keeping the door close;
– subsequent effect due to inertia and friction of the components;
– collisions occurring at the end of the stroke;
– sound made by the moving parts, also depending on the velocity of movement.

The parametric haptic functional model is as such that the effect transmitted to the 
users is a force returned when they try and open the door. This force is modifiable 
on user requests until an optimum is obtained. The model of the forces is imple-
mented through a piecewise function, where each subfunction is parametric and 
can be changed in real time without affecting the other interval subfunctions. The 
user can ask higher or lower reaction force for each interval; this will be obtained 
by modifying the parameters. When the test is over, these changes are stored and 
subsequently mapped into design specifications.

Regarding the haptic device, the initial hypothesis was to use the end effector 
of a commercially available haptic device for the physical handling simulation. 
Unfortunately, no haptic device allows us to realistically simulate the shape of 
any handle. Therefore, it was decided to use an ad hoc physical component for at 
best representing the interaction experience. This physical component representing 
the door handling part has been developed using rapid prototyping manufacturing 

Friction A

Friction B

Friction A

Friction B

Fig. 14.6  Effects of changing the friction constant values for the door opening
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methods. Then, it has been then mounted on the MOOG HapticMaster system 
[39], which has been used for rendering the forces (Fig. 14.7).

14.7  Conclusion

In products where the user interaction is one of the main features determining their 
value, the design of user experience gains importance in view of a successful prod-
uct. In fact, people often buy products on the basis of the first impression they 
have about their features gathered during the short use and interaction with them 
occurring at the selling points. Designing the experience with a new product is 
not an easy task, especially when the product is radically new and proposes very 
new interaction modalities. Measuring at what extent a product satisfies the users’ 
needs—spoken or unspoken—is still an open issue.

Therefore, testing the designed experience soon in the product development 
process becomes crucial for developing a successful product. Actually, testing 
activities require modalities for presenting the design proposals and variants to the 
users in a proper and clear way. Prototyping is certainly an effective way for dem-
onstrating a product and its interaction modalities. But if the prototype is phys-
ical, it is costly and hardly modifiable. Conversely, the first examples of design 
experience tests based on interactive virtual prototypes have shown the potentiality 
and applicability of this very new approach. The effectiveness depends on several 
factors, including the fidelity of the prototype and of the interaction, the perfor-
mances, the capability of rendering multimodal and multisensory effects.

In conclusion, on the basis of the initial studies, the use of iVP for designing 
and testing user experience of consumer products is a course that must be pursued 
and investigated further. The subject is very interdisciplinary, requiring expertise in 
many domains as engineering, design, marketing, human factors and neuroscience.

Fig. 14.7  Testing user 
experience with a refrigerator 
door
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