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Preface

The progress of engineering is remarkable. Their primary efforts today, however,
are paid to develop better methods or tools for realizing high-quality products. But
if we look back, engineering started because we were motivated to create something
that could not be obtained from nature and to make our dreams come true.

As Herbert Simon pointed out, rationality is bounded. With increasing number
of variables, the problem becomes extremely difficult to solve due to growing
computational complexity. Therefore, we cannot optimize in an open world as we
did in a closed world. So, Simon proposed Satisficing (Satisfy+Suffice). Satisficing
is nothing other than emotional satisfaction. Thus, the rapidly growing complexity
of systems calls for emotional engineering approach.

Another important point is that engineering today is final product-based.
However, it should be emphasized that not only products, but processes also create
values. Abraham Maslow placed self-actualization on the top of the hierarchy of
human needs. Humans would like to demonstrate how capable they are. Let us take
mountain climbing, for example. If we would like to get to the top of the mountain,
then we can ask a helicopter to take us there. But mountain climbers find a difficult
route to the top and they challenge. In fact, challenge is the core and mainspring of
all human activities.

But current engineering forgot such desires of ours. Even if mountain climbers
cannot make it to the top, they would be satisfied if they can move ahead and get
closer to the top. Indeed, they could not achieve their goal, but they succeeded in
demonstrating their capabilities by moving ahead, although it might be a small
step. This gives them a feeling of fulfillment and achievement. They can challenge
next time, and they can keep on dreaming. In fact, when they succeed, they will find
a more difficult route next time. They would like to keep on challenging. This
satisfies another need of humans to grow, which is pointed out by Edward Deci and
Richard Ryan. Thus, getting to the top (product, result) is not what they really want.
They would like to enjoy the processes of getting there. Consideration of such
process values is lacking in today’s engineering. Engineers today are looking for a
vehicle to take us to the goal with less efforts. But we must remember efforts yield
values. The more efforts are needed, the more value is created.
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Motivation and emotion share their etymology. They came from the same Latin
word movere (= move). Thus, motivation and emotion constitute the following
cycle: Cognition (Perception) => Motivation => Decision Making => Action =>
Emotion. This cycle is repeated in our daily life.

Current engineering focuses their primary attention to the latter part. It proposes
new ideas or tools to make our action more efficient. It is goal-oriented or
product-focused. But if we remember self-actualization is the highest need of
humans, we must pay more attention to the earlier stages, i.e., How do we perceive
and how we are getting motivated. In fact, the most important goal of engineering
tomorrow will be how we can develop satisfaction. We have been discussing
productivity until today, but tomorrow what we should discuss is the degree of
satisfaction. What engineers tomorrow must develop is satisfaction. Product-based
engineering is quickly fading away.

Additive Manufacturing and 3D Printing (AM3D) are getting wide attention
these days. But most of the discussion about them remains still in the traditional
framework of product development. Regrettably, how they can produce process
values is rarely discussed. But as Maker demonstrates, people would like to actu-
alize themselves. AM3D brings to us the opportunities of feeling fulfillment and
achievement.

To accelerate our move toward satisfaction engineering, first we must make clear
and understand motivation. In fact, the same environment and situation are per-
ceived differently from person to person. Current engineering discusses environ-
ments and situations objectively. But what motivates us are subjective
environments and situations. The same environment and situation motivates us in a
very different manner from person to person. Therefore, understanding motivation
is a crucial step toward satisfaction engineering.

This book contains researches from many different perspectives. To understand
motivation, we need to have a broader and more multi-dimensional perspective. It is
strongly hoped that this book contributes to understanding the importance of
motivation and helps us move ahead toward satisfaction engineering, i.e., engi-
neering tomorrow.

Finally, I would like to thank all authors from the very bottom of my heart for
their excellent contributions, and I would also like to thank Mr. Anthony Doyle,
Ms. Janet Sterritt, Ms. Viradasarani Natarajan, and Ms. SujithaShree Duraisamy at
Springer.

Minato, Japan Shuichi Fukuda
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Chapter 1
Value Rationality

Shuichi Fukuda

Abstract This chapter points out that to cope with the rapidly expanding open
world where there are no boundaries and where changes are frequent and extensive
and requirements are too much diversified, we need to step out of the traditional
engineering framework of Max Weber’s Zweckrationalitaet or instrumental
rationality or in another word, the world of explicit knowledge and move toward the
world of Wertrationalitaet or value rationality. Values are evaluated based on
performance in traditional engineering. But this performance has been none other
than functions. So, value in the traditional engineering is very objective. And it is
discussed in the framework of theoretical rationality. But to change our minds from
instrumental or means-ends rationality to value rationality, we should look at value
on a personal basis, i.e., value tomorrow will be very much subjective and personal.
And products and services will be developed to generate such personal values. The
basic framework of our engineering tomorrow will be value-oriented rationality.

1.1 Introduction

Max Weber [1] proposed two types of rationalities: Zweckrationalitaet and
Wertrationalitaet (Fig. 1.1).

Zweckrationalitaet is purposive or instrumental rationality. In most discussion
about rationality today is about Zweckrationalitaet. We have been pursuing
Zweckrationalitaet or instrumental rationality in our engineering. We would like to
have theoretical background to realize our goal. In other words, ends were
rationally pursued and calculated. To put it in another word, the basic framework of
our engineering today is explicit knowledge.

Wertrationalitaet is value-oriented rationality. Weber associated it with moti-
vation and emotion. So, it may be called Emotional Rationality. Herbert Simon

S. Fukuda (X))

System Design and Management, Keio Universiy, 4-1-1, Hiyoshi, Kohoku-ku,
Yokohama 223-8526, Japan

e-mail: shufukuda@gmail.com
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Max Weber’s two types of rationalities

Zweckrationalitaet --- Instrumental Rationality

Wertrationalitaet ----- Value Rationality

Fig. 1.1 Max Weber’s two types of rationalities

pointed out that rationality is bounded [2], so that we cannot carry out optimization
if the problem space is very large and has many variables due to computational
complexity. Therefore, he proposed Satisficing (Satisfy + Suffice) beyond the
bounds of rationality [3]. This is nothing other than emotional satisfaction.

Value was defined by Miles [4] as follows:

Value = Performance/Cost (L.1)

And for many years, functions have been considered as performance. If the func-
tions of a product were good, then its performance was considered good. Although
recently service is added, still value is considered in this traditional framework.

Today, we have succeeded in expanding controllability beyond the rational
world. However, it is due to our wisdom to apply theoretical rational approach
beyond the bounds of the rational world. Thus, we have established the controllable
world which is far broader than the rational world (Fig. 1.2). Still, it is within the
framework of instrumental rationality. We have been expanding explicit knowledge
in our engineering.

It is difficult to find Wertrational or value-oriented rational engineering examples
today. But we have to remember that value is very much personal. Value defined by
Eq. (1.1) is objective, and it was very much useful in the days when changes were
small and products were produced in mass. But true value is subjective, and it is
very much associated with emotion.

In this chapter, we will discuss why Wertrational or value-oriented engineering
becomes important in this era of frequent and extensive changes and this age of

Rational World

Controllable World \‘

Fig. 1.2 Rational world and controllable world
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Instrumental Rational
World
Explicit Knowledge

Rational World
' Value Rational
World

e World \‘\\’

Fig. 1.3 Instrumental rational world and value rational world

diversification and personalization. In other words, we will discuss why we have to
explore the value rational world beyond the instrumental rational world (Fig. 1.3).

1.2 Emotion

Emotion originates from the Latin word e (=ex=out) and movere (=move). Thus, it
originally means “move out” or “act.” Motivation also comes from the same Latin
word movere. Thus, motivation and emotion are very deeply related.

Emotion constitutes the following cycle (Fig. 1.4).

Although value does not appear in this cycle explicitly, motivation is closely
associated with value. We act because we think the action is valuable to us. And it
also must be pointed out that motivation is closely associated with expectation. We
perceive the environment and the situation, and we expect something. If we think
this something is valuable, then we are motivated to move out or to act. But usually
there are many choices including that of making no action. We evaluate or prioritize
these choices, and if we believe one choice is more valuable than others, we make
an action.

In our current engineering framework, determination of such a path plays a
crucial role. Tremendous efforts are being paid to identify such an infallible path in

Fig. 1.4 Perception— Perception (Cognition)

motivation—decision making—

action—emotion cycle / \
Emotion Motivation

\ /

Action <=—— Decision Making
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current engineering. This is because reaching a clear-cut or clearly defined goal is
believed to be most important.

1.3 Value

But we must remember value has much wider meanings. To borrow Simon’s
words, current engineering is trying to realize optimization. But today, environ-
ments and situations change very frequently and extensively and the number of
variables is rapidly increasing, so it becomes increasingly difficult to optimize.

Therefore, as Simon suggests, we have to look for the way to satisfice ourselves.
Thus, the importance of value rationality is rapidly increasing and we must make
efforts to establish value rationality to cope with such frequent and extensive
changes. Such changes promote diversification and personalization. In fact, it
becomes quickly impossible to respond to rapidly diversifying customer require-
ments and to meet their personal expectations.

Another point we must take into consideration is that it is our human needs to
actualize ourselves. The basic framework of current engineering was established,
when changes were small and smooth. So, engineers could predict the future and
they could foresee the operating conditions. Thus, machines were designed and
produced to work best in such predictable operating conditions. But the operating
conditions change frequently and extensively today due to the changes of the
outside world. Thus, fast adaptability becomes crucially important. Therefore, if we
borrow the traditional definition of value, the new definition can be redefined as

Value = Adaptability/(time, cost) (1.2)

This means that if we can adapt to the environment and the situation in shorter time
and with less cost, value will increase.

1.4 Objective Engineering and Subjective Engineering

We have noticed that the definition of value has changed. But we also should
remember that the basic framework of our current engineering is objective. When
we discuss environments and situations, we are discussing them objectively. But we
must remember that our perception is very much subjective. We perceived them
based on our past personal experiences and our own cognitive capabilities. In fact,
perception and cognition vary widely from person to person. Even if we are in the
same environment and under the same situation, what you perceive is different from
those of others. Each person has his or her own environment and situation. We are
motivated based on our own perceived environment and situation.
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Let us take mountain climbing. For some people, if the mountain is very high,
they look for some vehicles to take them up to the top. But others who are mountain
climbers look for a difficult route to demonstrate their capabilities. In fact, challenge
is the core and mainspring of all human activities. They would like to challenge.

So, the same mountain motivates people in very different ways.

Maslow [5] proposed Hierarchy of Human Needs (Fig. 1.5). And he pointed out
self-actualization is the highest need of a human. As it is a matter of self, it naturally
follows that the highest need varies from person to person.

About 40 years later, Ryan and Deci [6] proposed Self-Determination Theory.
They pointed out the importance of intrinsic motivation and need to grow. There are
two kinds of motivation: extrinsic and intrinsic. Extrinsic motivation is such an
external reward as money. If money is given to the job, we are motivated to do that.
But Ryan and Deci pointed out that we are not so happy if we are not motivated
internally. If we would like to do the job, we feel very happy, even if we may not be
paid enough or not at all. Thus, what matters with our feeling of happiness or
emotional satisfaction is whether we are intrinsically motivated or not.

Another point they emphasized is our need to grow. That explains why mountain
climbers would like to challenge a more and more difficult route (Fig. 1.6).

Love/belonging

Fig. 1.5 Maslow’s hierarchy of human needs

Self Determination Theory

Motivation
Extrinsic
Intrinsic
b 4 Emotional Satisfaction
Need to Grow

Fig. 1.6 Self-determination theory
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But current engineering treats us like a machine element. We are expected to act
exactly the same way as we are told. Engineers expect reproducibility from us. In
fact, most of the accidents called human errors are not really human errors. They
happened because humans did not follow the instructions.

But in reality, especially in this era of frequent and extensive changes, only users
know what is happening now. Users have to adapt to the changes quickly. Otherwise,
they cannot survive.

In this age of sharp changes, which is mathematically nondifferentiable, we
cannot predict the future. So, engineers cannot determine the operating conditions.
It is only users who can understand the situation and adapt to it. Therefore, fol-
lowing instructions no longer works. We need to find ways by ourselves and make
adequate decisions to adapt to the situation.

1.5 Expectation Management

Then, how can we find an adequate solution? As discussed above, in this age of an
open world, where boundaries disappear and which is rapidly expanding, we cannot
find an optimum solution. We have no other choice than to find a satisficing
solution.

It should be stressed that value is deeply associated with expectation. When we
perceive a thing, we expect something, and when we think that is valuable in our
personal sense, then we are motivated. Thus, between perception and motivation,
expectation comes in as follows (Fig. 1.7).

This flow is very much personal. Its content varies from person to person. The
same mountain leads to different expectations. And even the same expectation leads
to different motivations. That is why we feel happy when we make decisions
ourselves, as Ryan and Deci pointed out. And when our expectations are fulfilled,
we feel very happy. We actualized ourselves successfully.

Consideration of such human factors is almost neglected in current engineering
framework. We have been regarded as something like a machine element. However,
the quickly changing situations remind engineers of the importance of human
factors. But they still stick to the idea that environments and situations are objec-
tive. They think our experience is the same if we are in the same environment and
under the same situation. But as described earlier, our perception or cognition is
very personal. So, we are experiencing personal environments and situations.
Human factor discussion in such subjective or personal environment and situation is
very few if any in engineering field. In fact, what we are doing in our daily life is we
are looking for reason for action.

Perception (Cognition) =»Expectation = Motivation

Fig. 1.7 Flow of perception—expectation—motivation
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Expectation management is a key word in business world. It pays attention to
this problem, but their interest is extrinsic motivation. How they can attract cus-
tomers with their products. Discussion in business is naturally more focused on
extrinsic motivation. However, it is without doubt that expectation management
will increase its importance not only in business, but engineering world as well.
What is important is value is related to expectation.

Value = f (Expectation) (1.3)

Of course, expectation in expectation management in business is directly related
to motivation. Business people would like to know what expectations their cus-
tomers have and how they can motivate them to buy their products. Thus, their
goals are identical. They do not care too much about the issue of personal per-
ception (cognition). They study expectation and motivation. But, their job is to sell
their products.

Our engineering discussion here about expectation management starts, however,
from the fact that the world we are perceiving is personal and subjective. Our
perceived world varies from person to person. So, it is personal all the way from
Perception to Expectation, to Motivation, to Action, and finally to Emotion.

So, in this sense, the approach we are proposing here is very different from most
of the current approaches. Mass customization and personalization is getting wide
attention these days to tailor to the quickly diversifying customer requirements. But
their discussion is how adeptly we can cope with the quickly diversifying customer
requirements with the current engineering framework, and they do not discuss such
a problem of subjective or personal perception.

Then, how can we build up such a personalized system? It is certainly impos-
sible to develop a personalized and subjective engineering system that meets each
personal expectation. Then, how can we develop a system that fits all and that still
caters to such personality issue? In short, how can we create value on a personal
basis but still maintain rationality, i.e., value rationality? This will be discussed in
the next chapter Versatile Engineering.

1.6 Summary

This chapter points out that to cope with the rapidly expanding open world where
changes are frequent and extensive and requirements are too much diversified, we
need to step out of the traditional engineering framework of instrumental rationality
or the world of explicit knowledge and move toward the world of value rationality,
where values are evaluated on a personal basis and products and services are
developed to cater to such personal values.
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Chapter 2
Versatile Engineering

Shuichi Fukuda

Abstract It is pointed out in Chap. 1 that to cope with the rapidly progressing
diversification and frequent and extensive changes, we need to move from theo-
retically rational engineering to value rational engineering. In this chapter, we dis-
cuss what are needed to step forward towards this direction. Three major points are
taken up: ambience, modularization and resilience. We have been paying most of our
efforts to develop excellent functions for specific purposes. But it is impossible to
take care of individual needs this way. Ambience is one possible solution. Just as we
find a personally comfortable spot under sunlight, we can utilize ambience as we like
and as we need. Modularization is attracting wide attention these days, but most of
the discussion about it is made from the standpoint of product value. How we can
reduce time and cost to produce a product that will meet diversifying needs or
expectations from our customers. But from the point of value rational engineering,
modularization is important because it turns processes into value creating activities.
Thus, modularization is important in terms of process values for value rational
engineering. Zweckrational or theoretical rational engineering shows us a clear-cut
path to the goal. But in Wertrational or value rational engineering, we need to go
forward by trials and errors. Thus, learning from failures becomes very important in
value-oriented engineering. Therefore, the importance of resilience is stressed. In
short, the transition from theoretically rational engineering to value-oriented engi-
neering means we have to be more pragmatic in our engineering.

2.1 Introduction

We have discussed in Chap. 1 that it becomes increasingly difficult to cope with the
rapidly increasing diversification and to adapt flexibly to the frequent and extensive
changes if we stick to the traditional instrumental rationality.
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We have succeeded in expanding controllability beyond the rational world,
because we managed to identify feature points in the system, which can be
described explicitly.

Let us explain by taking an example of identifying the name of a river. A river is
always changing. So, if we look at the river itself, we will never be able to identify
its name. But if we turn our eyes from the river, and we look around it, we find trees
or mountains which do not change. These feature points lead us to the identification
of the river (Fig. 2.1).

Let us take arc welding for example. Arc changes its state from gas to liquid and
then to solid. There is no single governing equation that describes this state tran-
sition. If we could control arc, we could prevent thunder and lightning. There are
many researches on arc, but its behaviour cannot be described. So, instead of
focusing our attention on molten pool, we look around it and find feature points
which can be rationally analysed and controlled. Thus, we can control arc, although
we cannot predict its behaviour. Arc welding is, as everybody knows, used in many
engineering structures. Engineering expanded its controllability this way. We were
very clever so we could rationalize the system, although it involves such elements
which do not follow rational rules. To put it another way, we succeeded in
expanding explicit knowledge, beyond the rational world.

But environments and situations are quickly changing. They change more fre-
quently and extensively and the nature of the change itself has changed. Changes
yesterday were smooth so that they could be differentiated. Therefore, we could
predict the future. But today changes are so sharp, and we cannot differentiate them.
It means theoretically speaking we cannot predict the future (Fig. 2.2).

Michael Polanyi [1] pointed out that there are two kinds of knowledge: explicit
and tacit. Explicit knowledge can be verbalized or can be expressed by equations.
But tacit knowledge cannot. What traditional engineering pursued was how we can
expand explicit knowledge world. Our challenges were successful until today.

Fig. 2.1 Identification points

/

Identification
points
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Fig. 2.2 Changes of
yesterday and today

Yesterday Today
Smooth Change Sharp Change
Differentiable Not Differentiable
Predictable Not Predictable

But today, environments and situations change so frequently and extensively and
we cannot find controllable feature points.

Bicycle riding is often taken up as an example of tacit knowledge. But in the
case of bicycle riding, we still can manage to find feature points around us, although
it is not easy.

But if it comes to swimming, water is always changing so we cannot find any
feature points around us anymore. We have no other choice but to rely on our own
sense of balancing or proprioception [2].

Until now, we have been observing the system from outside and identify the
system and its controlling parameters. But this approach does not work in the case
of swimming. We cannot identify the system and its controlling parameters at all, if
we observe it from outside. We should be in the system or in the flow and learn how
we can do the job. That is engineering tomorrow.

2.2 Human Motion Control

We have taken up swimming as an example of tacit knowledge, which current
engineering approach does not work. So, let us first consider how motion control is
different between machines and humans. As Nikolai Bernstein [3] pointed out, the
difficulty of human motion control is its tremendous large degree of freedom.
Figure 2.3 shows Bernstein’s cyclogram. Near the target, human motion trajectories
do not change. But apart from the target, human moves in many different ways.
In the case of machines, their trajectories are fixed so the same trajectory is
repeated. But in the case of humans, their trajectories vary so extensively from
action to action. This may be because they need to balance their bodies before doing
the job. Therefore, it may not be too much to say that our motion control is just like
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Fig. 2.3 Bernstein’s
cyclogram

swimming. We do not find feature points to rationalize our motion trajectories, but
instead we rely on our own sense of balancing.

To express this in another way, machine motion control is instrumentally
rational, but human motion control is value rational. We do not care how we move,
and we do not mind whether we can reproduce our behaviour. What we do care is
whether we can hit the target or not, or in swimming, we can swim or not. We do
not mind how beautiful we can behave to do the job. Achieving the goal is our first
priority.

Thus, human motion control is goal-oriented. We are interested in what we
achieve, not in how we do it. Human motion control is, therefore, a good example
of tacit knowledge and value-oriented rationality. Achieving the goal means value.
How we can get to the goal does not count much.

2.3 How Can We Move Towards Value Rational
Engineering?

As pointed out many times, it is imminent for us to move towards value rational
engineering beyond instrumentally rational engineering to expand our engineering
in order to adapt to the drastically changing world. Let us discuss here how we can.

2.3.1 Ambient Engineering

In 2014, Philips Lighting demonstrated ambient lighting at Frankfurter Messe. This
surprised many people, including lighting designers. Until then, lighting has been
considered as a tool to achieve a specific purpose. For example, reading lights are
developed to assist us to read comfortably and with ease.
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But their philosophy is very much different. Let us consider sunlight. Sunlight is
shining everywhere, with no specific purpose. It creates ambience. And those who
would like to bathe in the sun, they will go out. And those who would like to take a
rest in the shadow, they will. Anybody can find a comfortable or a personally
valuable spot in the sunlight. What Philips Lighting attempted to do was to provide
such ambient lighting.

It must be remembered, however, that the word “ambient lighting” has been used
for a long time before this demonstration. In photography, photographers often use
ambient light, which is not prepared by them to take photographs. They pick up the
spot which appeals to them. Thus, it is a matter of personal perception of the
environment. Although the environment is the same, the spots where photographs
are taken differ from photographer to photographer. In other words, how the
environment is cut out in such a personal frame reflects the personality of a
photographer.

These examples teach us a lesson. Even if we cannot develop engineering which
can cater to each personal needs, we could develop such ambience. Then, people
can find their emotionally satisfying personal space.

In a sense, common platform which is a buzzword today plays the same role.
People can utilize the common platform as they like, and if they wish, they can add
something, just like we wear accessories, when we dress up. Even if the dress may
be the same, you look very much different and you feel different, when you put on
different accessories.

2.3.2 Modularization

Another approach would be modularization. This is also attracting wide attention
these days. But most of the discussion about modularization is product-focused. We
must remember that modularization has another advantage. Please consider Lego.
Lego sells only blocks. But people enjoy putting them together to realize some-
thing. If we evaluate its value, then cost is minimum and putting them together into
an object is great performance. So, its value is extremely high. What Lego taught us
is there is another value in addition to product value. It is process value. We,
engineers, forgot about process values. We have been paying our primary attention
to the value of a final product alone (Fig. 2.4).

Most discussion about modularization is how we can develop a final product
with less cost and time, but still it answers to the rapidly diversifying requirements.
Very few discussions are made about how it will create process values.

In Japan, flower arrangement and tea ceremonies are very popular. If we would
like to enjoy beautiful flower arrangement or tasteful tea, it would be the best to ask
experts to prepare them. Why we pay money to learn flower arrangements or tea
ceremonies is we would like to enjoy the process. We pay money to the process, not
to the final product we make.
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Fig. 2.4 Lego blocks

Additive manufacturing and 3D printing (AM3D) are attracting wide attention
these days. But again, most of the discussion about them is final product-focused.
They discuss how design and manufacturing can be made flexible and with less
expertise. They have final product and current industrial framework on their minds.
But as such movements as Maker indicate, these new technologies are expected to
open door to the new engineering where process values are highly evaluated.
People enjoy designing and manufacturing, just as Japanese do in flower
arrangements. They are enjoying the process, and processes produce values. The
vehicles are now quickly changing into EVs, and if EVs become prevalent, then, we
do not need such complicated technologies, which are used in automotive industries
today. EVs are modularized, so that many non-experts can design and manufacture.
Then, the production of a vehicle itself will produce value. We have to note that the
age is moving quickly from product value to process value, and engineering
tomorrow must consider how we can produce value through processes.

Modularization is expected to change our engineering from product value-
oriented to process value-oriented. And in fact, industry framework itself is
expected to change from the current linear final product-based system (Fig. 2.5) to

Fig. 2.5 Current industry
framework

—> ->

Raw Intermediate Final
Materials Components Products
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Fig. 2.6 Future industry

framework /

00

Raw Intermediate Final
Materials Components Products

intermediate component-based industry framework (Fig. 2.6). Then, even if inter-
mediate components are designed and produced by experts, customers can still
enjoy putting them together as they like and customize their final products. Thus,
final products meet their expectations and they can enjoy the processes as well.

2.3.3 Versatility

As pointed out, industry framework will be changing from the current final
product-oriented to the intermediate component-based in order to cope with the
frequently and extensively changing environments and situations and to meet the
rapidly diversifying requirements and to enhance process values.

To express it another way, traditional industry framework has been tree-
structured. But to increase flexibility and adaptability, it must be changed to
network-structured (Fig. 2.7). In a tree structure (shown on the left), the output node
is only one. Every node works to produce a better output. In traditional engineering,
industry is focused on a final product. So, this tree structure works best because the
goal is clear so that it will increase efficiency and it is easy to reduce cost.

But to increase flexibility and adaptability, industries have to produce many
different products. Thus, a network structure (shown on the right) works best,
because any node can be an output node. However, to increase its flexibility and
adaptability more, the network needs to be adaptive. It must change its structure
from case to case to adapt to the changes.

Knute Rockne, famous American football player and coach, left us the following
words, “11 Best, Best 11”. What he meant by this word is “the best team cannot be
made up with 11 best players. When 11 players play together as a team, it will
become the best team”. And he demonstrated that this is true by bringing up
University of Notre Dame to an ever-winning university.
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Fig. 2.7 Tree and network

Franz Beckenbauer, famous footballer and manager, also introduced Libero
system into soccer. Until then, each soccer player is expected to work best in his
own position. But Beckenbauer realized that games come to change so frequently
that a team cannot win if they play this way. Players must be more versatile and
have to play together flexibly and adaptively as a team. His position was midfielder,
and midfielders can see the whole game. They can understand how the game is
changing and what formations are needed in the next step. So, he gave instructions
or advice to other players how they can fight in another formation. Thus, he was
called Der Kaiser. He introduced adaptable team working (network) into soccer.

Industrie 4.0 is attracting wide attention in engineering. This is also a change
from 11 Best to Best 11. Until now, Germany is very famous for their excellent
Meisters. But today, we need Best 11. So, Germany proposed Industrie 4.0. Its idea
is to team up Mittelstand, small- and medium-sized enterprises (SMEs), to increase
its global competitiveness. These SMEs may not be the best producer, but if they
team up, they can produce best products flexibly and adaptively that meet rapidly
diversifying customer expectations.

What is important for Best 11 is versatility. Figure 2.8 represents each SME as a
node. What is important for Best 11 SMEs is to have many and different links, such

Fig. 2.8 Versatile node
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as shown as B. If each node (each SME) has many different links (different
capabilities), then the possibility of teaming up as many different networks grows,
so that flexibility and adaptability increase to a large extent.

Thus, versatility is the keyword in the next engineering.

2.3.4 Resilience

Importance of versatility is emphasized. However, resilience is none the less
important. Let us get back to the discussion of Zweckrationalitact and
Wertrationalitaet. Zweckrationalitaet is purpose-oriented, and it is means-ends
rationality. It provides explanatory reasons or theoretical reasons, or it may be
called evidential reasons. Wertrationalitaet, on the other hand, is very much prac-
tical. As pointed out earlier, it provides reasons for action, reasons for justifying our
actions.

Zweckrationalitaet and Wertrationalitaet may be compared to railroad and
voyage (Fig. 2.9).

In the case of railroad, we make decisions before we act and the goal is very
clear. We decide which line or which train to take before we get on a train. Thus,
means is directly related to the end and the process of getting to the goal is the
same, if we select one choice. This is the same as in the case of machine motion.

In the case of voyage, even if we make a very good decision today, the weather
might change suddenly tomorrow and the hurricane might be coming our way. Thus,
in voyage, you need to set an immediate goal under the current situation and have to
move ahead by trials and errors. In other words, we have to learn from failures to get
to our final destination. To express it another way, resilience is needed.

In the case of railroad, we may be able to respond to the diversifying require-
ments, if we prepare many lines and trains. But no matter how many lines or trains
we may be able to prepare, it is static. The framework does not change, or it may be
called tactical.

In the case of voyage, it is strategic and dynamic. The situations change very
frequently and extensively so we cannot prepare any fixed framework for our

Fig. 2.9 From railroad to voyage
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actions. We have to observe the current situations and make decisions to adapt to or
overcome the situation to move to the next step.

Railroad represents our traditional engineering, and voyage represents our future
engineering. We need more practical or pragmatic engineering. Thus, learning from
failures or trials and errors plays a most crucial role in our future engineering.

In our traditional engineering, we just keep on going forward and forward. Then,
you can get to the goal faster. But what is called for in our future engineering is how
we can go zigzagging but can find the right path to the goal. And there may be many
paths. This is what we observe in human motion. Human moves in many different
ways, but they know how to balance their bodies and can do the job after all.

Thus, Zweckrationalitaet can be compared to machine motion or railroad, and
Wertrationalitaet can be compared to human motion or voyage. We have to
remember that Zweckrationalitaet and Wertrationalitaet are deeply related. It may
be said that Wertrationalitaet is a balancing of Zweckrationalitaet to respond to the
current situation. Balancing is nothing other than resilience.

2.4 Summary

To cope with the rapidly progressing diversification and frequent and extensive
changes, we need to move from theoretically rational engineering to value rational
engineering.

Ambience, modularization and resilience play important roles for this change.

(1) Ambience

Traditionally, most of our efforts have been paid to develop excellent functions
for specific purposes. But it is impossible to take care of individual needs or
expectations this way. Ambience is one possible solution.

Just as we find a personally comfortable spot under sunlight, we can utilize
ambience as we like and as we need.

(2) Modularization

Modularization is attracting wide attention these days, but most of the discussion
about it is made from the standpoint of product value; that is, how we can reduce
time and cost to produce a product that will meet diversifying needs or expecta-
tions. But from the point of value rational engineering, modularization is important
because it turns processes into value creating activities.

Modularization is important in value rational engineering because it produces
process values.

(3) Resilience

Zweckrational or theoretically rational engineering shows us a clear-cut path to
the goal. But in Wertrational or value rational engineering, we need to go forward
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by trials and errors. Thus, learning from failures becomes very important in
value-oriented engineering. To express it another way, the transition from theo-
retically rational engineering to value-oriented engineering implies we need to be
more pragmatic in our engineering.
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Chapter 3
Traditional Japanese Housing:
Hints for Future Engineering

Shuichi Fukuda

Abstract To adapt flexibly to the rapidly progressing diversification and to cope
with the increasing frequent and extensive changes of environments and situations,
we must move toward value-oriented engineering and engineering must increase its
versatility to achieve this goal. In this chapter, we studied traditional Japanese
housing with the hope that it will provide us with some hints to move in this
direction. What we found is that ambience and personal emotional space are
regarded as very important. The idea of personal emotional spaces is very unique,
and it is expected that this idea will help us to develop our future value-oriented
engineering.

3.1 Introduction

We have discussed Zweckrationalitaet and Wertrationalitaet proposed by Max
Weber [1], and it is pointed out that to cope with the frequently and extensively
changing world and with the rapidly increasing diversifying requirements from our
customers, we need to move toward Wertrationalitaet engineering or value-oriented
engineering.

In this chapter, we study traditional Japanese housing with a hope that it will
provide some hints for our future engineering. Why we took up architecture as an
example may be partly attributable to the words of Walter Gropius, founder of the
Bauhaus school in Germany. He said, “Architecture begins where engineering
ends.” His words may indicate the difference between architecture and engineering.
But no matter what he really meant, it motivated us to study traditional Japanese
housing.

In the previous chapters, we have seen how engineering is changing from
means-ends or purposive rationality to value-oriented rationality. Architecture may

S. Fukuda (X))

System Design and Managment, Keio University, 4-1-1, Hiyoshi, Kohoku-Ku,
Yokohama 223-8526, Japan

e-mail: shufukuda@gmail.com

© Springer International Publishing AG 2018 21
S. Fukuda (ed.), Emotional Engineering, Vol. 6,
https://doi.org/10.1007/978-3-319-70802-7_3



22 S. Fukuda

be defined as an activity to cut out a portion from natural space and to create
environments humans need. What matters in architecture is how we cut out this
space to suit to the purpose, and still this space maintains the connectivity with the
outer world. Why we take up traditional Japanese housing is because Japanese are
strongly conscious of how the inside and the outside are connected. Unlike
Westerners, Japanese do not separate them from nature. Rather, how they can be
fused into one is what Japanese have been pursuing traditionally.

In other words, Japanese are more interested in creating ambience than in
dividing spaces for specific purposes. To express it another way, it may be said that
Japanese are more interested in value rationality than theoretical rationality.
Therefore, it is expected that we can learn something from them which would
contribute to the development of value-oriented future engineering.

3.2 Ambience

As described in Sect. 3.1 Introduction, the underlying core idea of old Japanese
housing is thought to be ambience-focused. We discussed ambience in relation to
lighting in Chap. 2.

Let us take Shoji, Japanese paper windows or paper sliding doors for example.
They penetrate outside light so we understand what is going on outside, although
we are inside the house. If the wind is blowing, we know it is, because the shadows
of leaves are swaying. And the light which comes in fades away gradually as it
comes deeper inside. Further, paper windows or doors penetrate not only light, but
also humidity, sound, and temperature, etc. Thus, Shoji may be called a holistic
sensor. It senses almost all information, while most sensors today are developed to
detect a particular signal (Fig. 3.1).

We should remember that cellulose nanofiber (CNF) is progressing very rapidly.
In a sense, it is paper and its basic technology is the same as paper production. So,
with the progress of such material engineering, windows or walls made of CNF

Fig. 3.1 Shoji, paper
window
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Fig. 3.2 Outside world allured them to the Japanese open, but covered verandah to enjoy talking

may work in the same way as Shoji and they would no longer separate inside and
outside as they do today.

Current windows or doors separate the inside from the outside. But old Japanese
houses do not. Therefore, we select the spot where we feel lighting, temperature,
etc., are good to read or to relax. This is just what we do under the sunlight
(Fig. 3.2).

James Jerome Gibson proposed Affordance Theory [2, 3]. He states that the
world is perceived not only in terms of object shapes and spatial relationships, but
also in terms of object possibilities for action [4]. He insists that perception of the
environment leads to some course of action. This may be interpreted in emotional
engineering that perception motives us and drives us to make some decisions to
action as shown in Fig. 1.4. Therefore, it may be said that traditional Japanese
housing paid more attention to creating such an affordance-rich environment than to
dividing inside from outside and to securing spaces for specific purposes.

And we may not be going too far to say that affordance and ambience are deeply
associated.

Charles Rennie Mackintosh, Scottish architect, was attracted by this ambience
generating architecture design of Japan and he designed a tea house which is
ambience-focused. Glasgow School of Art, which is one of his masterpieces, is full
of such ambience cultures.

Japanese ambience may be compared to grayscale images in photography.
Western culture, on the other hand, may be compared to black and white or color
images. Grayscale images only have intensity (or lightness) values, while color has
RGB values and even black and white is nothing other than reduction of color to
black and white.
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Fig. 3.3 Japanese verandah
provides an emotional space
for enjoying conversations

3.3 Emotional Space

It would be better to describe such features of traditional Japanese housing as their
eagerness to create emotional space. In fact, Japanese verandah plays a role of the
common place. Visitors and home residents can talk sitting on the verandah without
being conscious whether they are inside or outside the house. Japanese verandah is
shared by visitors and home residents. Visitors do not feel that they are visiting
home of others. There is no wall between the outside world and the world within.
Japanese verandah provides an emotional space or environment for friendly con-
versations (Fig. 3.3).

It should be noted that in Affordance Theory, Gibson paid attention to objects,
but in traditional Japanese housing, attention is paid to creating such an emotional
space, not particular objects. It may be safely asserted that Japanese have been
interested in creating emotional spaces.

3.4 Versatility

Another feature of traditional Japanese housing is its versatility. In Japanese
housing, rooms are separated by Shoji, paper doors. This is also made of paper, but
unlike paper windows, they are not transparent. But not only paper doors, but all
doors in Japanese housing are sliding doors. This also indicates that Japanese do not
distinguish between the inside and the outside. Sliding doors are rarely seen in
Western architecture. Another point we should pay attention to is their sizes. As
they are made of paper, they are light and they are of the size easy to take out and to
bring to other places. So, we can change the room into a larger room or into smaller
ones as we like. The size of a room varies with our change of emotion and with our
needs. And the same room can be used for entertaining visitors or for sleeping. We
use futon instead of a bed. So, we can take it away easily whenever it is necessary.
And we use low dining tables so they can be put away after meals. And in addition
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Fig. 3.4 Typical traditional Japanese housing

for daily meals, we use low collapsible dining tables. These are the wisdom of old
Japanese to secure versatility (Fig. 3.4).

It also must be added that tatami, straw mats, are developed with deep consid-
eration to emotional space. Tatami has a length when we lay flat and its half length
corresponds to our personal movement space. When we sit and move our bodies, its
moving space is within the size of a half-length tatami, and when we are tired and
would like to lie down flat, we can on a full-length tatami. Thus, the size of a tatami
is determined based on our personal emotional space.

As their etymology indicates, motivation and emotion are deeply related. This
personal space pay attention to the size of space which is deeply related to our
motivation and the space of our following personal actions. Thus, the size of a
tatami provides personal space where we can move as we are motivated and as we
like. Therefore, it provides emotional satisfaction.

And the smallest size of a room is usually 4.5 tatamis. Quite interestingly
enough, this is the same size as that of a cube of CAVE, an immersive VR
environment. 4.5 tatami size rooms may come up as a result of observing that most
of our movements are within this space size.

And it must also be added that the size of a tatami is developed for making it
very easy to carry and for making production and repair easy. This is another
consideration for emotion when we work.

Another feature of Japanese housing is there is no distinction between the col-
umn and the wall. In Western architecture, columns support loads. But in Japanese
housing, columns and walls support loads equally. Therefore, in Western archi-
tecture, it is very difficult to renovate the house because we cannot move the
columns freely. But it is quite easy in Japanese housing. We can take our columns
or move them from one place to another without any trouble or difficulty. Thus, we
can renovate the house as we like and as needed. It is easily observed from Fig. 3.5
that there is no distinction between columns and walls.
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Fig. 3.5 Tatamis, columns, and walls in traditional Japanese house

Thus, traditional Japanese housing pays full attention to portability, change-
ability, and flexibility.

3.5 Traditional Japanese House Design

Finally, let us look at the design of the traditional Japanese house, as a whole.
Water use section and heating section are separated, and as the entry is
barrier-free, we can bring in foods, fuels, etc., very easily into kitchen. And it is
interesting if we note that we can enjoy barbecue inside the house because a hearth
is next to the kitchen so that we can enjoy cooking, dining, and talking without too
much difficulty. In fact, a hearth provides an emotional space for relaxation.

\

#v.— Tatami

' Futon

Low collapsible table

’H?? BERE-Z

Fig. 3.6 Floor plan of old Japanese house
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Museum of
Old Japanese Housing

Fig. 3.7 Old Japanese house

As pointed in the above, old Japanese house is very flexible and changeable so
that it adapts to the changes in environments, situations, and our emotions
(Figs. 3.6, 3.7).

3.6 Feature of Japanese Culture

We have seen how flexible and adaptive old Japanese housing is. But this does not
hold true for housing alone. It is the feature of Japanese culture. Japanese do not
distinguish one thing from another. Japanese are fond of holistic thinking.

Let us take up Origami for example. We have to note that in Origami there is no
distinction between 2 and 3 dimensions. Two- dimensional sheets are changed into
three-dimensional objects. And at the time of starting Origami, it is an analog
object, but it finishes as discrete elements or it starts from a continuum and ends as
an assembly of discrete elements.

Origami is now a prerequisite for aeronautical and astronautical engineering for
developing deployable structures. It also plays an important role in packaging. But
we also have to remember it contributes very much to arts. Origami can be analyzed
mathematically, but why it spreads so widely in Japan is not because it is mathe-
matically interesting but because the process provides joy. So, Origami relates more
to value-oriented rationality rather than to theoretical rationality (Fig. 3.8).
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Fig. 3.8 Origami (box, crane, and tree and snake, artworks of Vincent Floderer, French origami
artist)

3.7 Summary

It is pointed out in Chaps. 1 and 2 that to cope flexibly and adaptively with the
rapid diversification and with the increasing frequent and extensive changes of
environments and situations, we must move toward value-oriented engineering and
engineering must increase its versatility to achieve this goal.

In this chapter, we studied traditional Japanese housing with the hope that it will
provide us with some hints for us to move in this direction. What we found is that it
gives special weight to creating ambience and at the same time it also attaches
importance to personal emotional space. In fact, it may not be too much to say that
traditional Japanese housing are built up with modules of personal emotional
spaces. Such an idea of emotional space modularization is expected to serve for the
development of our future value-oriented engineering.
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Chapter 4
External Haptic Stimulus Biases Sensory
Evaluation of Odor Impression

Naoto Yamashita and Tetsuro Ogi

Abstract Delivering a certain impression, perceived by consumers as a synthesis
of multimodal stimuli of food product or beverages, is considered as a key driver to
promote stable decision for repeated purchases of the product. In this research, we
examined effects of tactile stimuli on taste and odor stimuli in order to enhance/
weaken those impressions by external tactile stimulus. Results of two experiments
are to be reported. In the first experiment, subjects were asked to evaluate
impression of room odor, using a pencil with coarsely or slippery texture on its
surface, which were considered to be irrelevant to the source of the room odor.
Significant differences of evaluation scores between two conditions were observed
with respect to several impressions. In the second experiment, thermal stimuli were
presented on palm of subjects, together with sensory evaluation of odor impression.
The result reveals that thermal stimulus biases sensory evaluation, as indicated in
the first experiment. Those results indicate that perceived impression as a result of
multisensory integration of taste and odor is biased by tactile stimuli, even if it is
implicitly presented, and thus, tactile stimuli are capable for controlling perceived
impression of taste and odor.
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4.1 Introduction

Consumers’ decision-making in purchasing a certain consumer product can be
classified into the following two categories: decision to trial the product and,
successively, decision to purchase the product repeatedly [1, 2]. Promoting con-
sumers’ repeated purchase is important especially for the industries of durable
consumer goods [3], because whether the product is able to survive in the market or
not is mainly depends on consumers’ repeated purchase. More precisely, the
decision of repeated purchase is classified into the following two types. The first
type of such decision is non-stable decision, which can be easily varied by the
price, advertisement, and package design of the product. The second one is stable
decision, where attitude formation to the product is inherited in the consumer itself
and therefore such decision is considered to be stable overtime. In other words,
stable decision is hardly influenced by the price, advertisement, and other external
information of the product. Therefore, encouraging or promoting stable decision of
the customer leads to their long-term purchase of the product. On the hand, an
attitude to the product is formed depending on whether the product meets the taste
or needs of the consumer [4]. More precisely, [2] pointed out the importance of
psychological experience as a consumer needs to be satisfied, and user experience
is considered to be the one of such experience, which is of great importance in
today’s product development [5]. ISO9241-210 defines user experience as “a
person’s perceptions and responses that result from the use or anticipated use of a
product, system, or service.” The style of product development/design which
strongly emphasizes user experience as a starting point of development is called
user experience design, and it is getting common in development of various kinds
of products. In user experience design, developers/designers firstly define a target
experience delivered by the consumers’ use of (or anticipated use of) the product
and the following product design depends on the target experience. Considering
that satisfying [2] psychological experience is equivalent to delivering the user
experience which costumers want, user experience design is effective strategy for
promoting stable decision of repeated purchase of the product. In addition,
regarding consumer goods with short cycles of purchase and consumption (e.g.,
food and beverages), user experience design is of greater importance compared to
the other consumer products.

In this article, as a part of the user experience provided by the product, we
consider emotional impression such as “luxury” or “refreshing feeling,” for
example. Those are called as “Kansei impression.” Here, we address the following
definition of emotional impression. In order to recognize the environment around
the body, we receive various information from body sensation constituted by five
modalities (taste, olfaction, tactile, audio, and visual) and interaction between those
modalities. As a small example, consider the situation of viewing a picture by hand.
Let o € R” be a p-dimensional vector of any physical quantity provided by the
picture, weight of the picture, surface roughness, and RGB colors of each pixel, for
example. Corresponding to a, let f € R? be a g-dimensional vector whose elements
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are perceived psychological. We perceive a from our sensory organ as an input
from environment and successively transform o to B as an image of environment.
Therefore, o is not necessarily identical to . For example, in the case of visual
sense, an illusion might occur because the size or length as a physical quantity (o)
does not match with the psychological quantity (B) such as the perceived size and
length. The size—weight illusion [6, 7] is known as such illusion. It is known that an
illusion is mainly caused by sensory interaction between two or more different
sensory modalities. We can write the relationship between o and B by using a
function f: R? — RY, as

B=rlo) (1.1)

For example, if the “mass” of an object is inputted as a, the function f returns
perceived “weight” as B. Furthermore, let A y be the vector that summarizes the
features of the object such as “luxury” and “refreshing feeling” that cannot be
evaluated only from the physical property of the object, which is experienced as a
result of integrating physical quantities. It is described as

y=2g(B). (1.2)

by using a function g: R — R’. y is obtained by the transformation of f by the
function g, and in that sense, y can be considered as an mental interpretation of a
and . In this article, we define y as a vector of emotional impressions of the object,
which is produced by the two-step transformations denoted as f and g.

In the food industry, particularly in the cigarette industry, the design of taste and
flavor is of great importance in product development, i.e., the control of the taste of
the cigarette such as processing of materials and blending, flavor development. In
other words, determining the physical properties of products has accounted for the
majority of product development. Therefore, when designing a user experience,
which can be considered as a factor promoting repeated purchase of the product,
taste, and aroma of products, olfactory stimulation is therefore used as a main
operation factor. Considering the situation where consumers consume cigarettes,
however, consumption of cigarettes is not just about acts that enjoy taste and aroma;
consumers see the package before smoking, open it and crash the capsule while
smoking if the product with the capsule in the filter part. Consumer experience
consists of stimuli to various sensory modalities other than taste and olfaction. From
this, it can be said that user experience of cigarettes needs to be designed by using
the stimulus to all five senses including not only taste olfaction but also sense of
tactile sense and audiovisual sense.

However, even if stimuli other than taste and olfactory are also considered in user
experience design, there seems to be a limit to the approach to design the user
experience with the physical property as an operation factor. In order to show that
from the viewpoint of designing a user experience that meets the needs of consumers
and above definition of the emotional impression, let us consider constructing
physical properties a in order to create an intended emotional impression 7. First,
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the function f'is a function that converts the physical quantity input from the sensory
organ to the psychological quantity, and therefore, it represents the human percep-
tion system. Therefore, this function does not change greatly by individual; most of
it follows Weber’s law. On the other hand, the function g is considered as an
interpretation of the psychological quantity; the experience and sensitivity of the
individual are reflected to a large extent, and it is expected that the function varies
depending on the individual. For example, when eating chocolate, some people feel
“luxury” by integrating the “bitterness” and “gloss of the surface,” while others who
feel “luxurious” by integrating “bitterness” and “hardness” from their food experi-
ence. Accordingly, the process where an individual i percepts physical property a;
from the product j and covert it to emotional impression 7y; can be expressed as

'Y,-jzgi(ﬁ) :gi(f(aj))~ (1.3)

What is important here is that the emotional impression 7; is an integration of
physical quantity and psychological quantity and that the function g; representing
the relationship between the two is a function which is unique to the individual.
Therefore, designing a product j such that individual i experiences the intended
emotional impression y;; for the product j needs to clarify the function g;, which is
peculiar to the individual, and it is expected to be extremely difficult. It also arises
another difficulty that even if one can clarify g;, we can not necessarily say that the
product j designed based on it can provide the intended emotional impression for
another individual k£ # i. From the above discussion, it is considered that there is a
limit to the approach to control the emotional impression felt for the product by
using the physical property of the object as an operation factor.

Recent findings in human interface research or cognitive psychology have
shown that higher-order information processing including evaluation of emotional
impression is affected by incidental tactile stimulus. For example, Ackerman et al.
[8] discuss the influence of incidental tactile stimuli on decision-making. They
attached sentences printed on a paper to heavy clipboards or light clipboards and
asked to evaluate emotional impression felt on the sentences. The results showed
that the group that read sentences pasted on a heavy clipboard were likely to judge
that they are more “serious” or “enthusiastic” for the writer of the sentence com-
pared to the group that read the same sentence pasted on a light clipboard. Spence
et al. [9] showed through experiments that the surface texture of cutlery and dishes
such as spoons and forks will affect the emotional impression such as luxury feeling
and liking. When using a cutlery such as a metal, subjects were likely to judge that
food as more luxury compared to using a cutlery made of plastic. In the above
researches, in order to control the emotional impression on a certain object, it is
distinctive that they use tactile stimuli irrelevant to the object and modulate emo-
tional impression on it, rather than changing its physical property itself. Therefore,
to design an emotional impression as a user experience, an additional tactile
stimulus can be used other than designing the physical property.

However, in order to design an emotional impression by using the effect of
tactile stimulus, it is necessary to clarify the following two points. The first point is
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that it is necessary to confirm whether the effect of tactile stimuli is also valid for the
impression of olfactory stimulus. The above-mentioned researches have examined
the effect on sentence recognition and emotional impression on taste, and it is not
clear whether the same effect can be seen also for emotional impression to olfactory
stimulus. Therefore, first of all, it is necessary to verify through experiments
whether the emotional impression varies, by presenting accompanying tactile
stimulus when evaluating the emotional impression of taste olfactory stimulus. The
second point is that if it is confirmed that the tactile stimulus biases the emotional
impression of the olfactory stimulus, it is necessary to establish general rule of
effect of tactile stimulation on emotional impression. This seems to be a useful
finding for judging what type of tactile stimulus should be presented in order to
control emotional impression on the product.

Based on the above discussion, we firstly confirmed that emotional impression on
olfactory stimulus is biased by tactile stimulus through two experiments. Tactile
pressure and vibration are received by mechanical receptors present subcutaneously
such as Meissner’s body, Pacinian corpuscle and are then projected to the primary or
secondary somatosensory cortices via the thalamus [10]. These touch pressure
sensation and vibration sense added with pain sensation and thermal sensation are
called cutaneous sensation. In this research, for the reason that it can be presented by
the haptic design of the product, effect of the tactile sensation stimuli (Experiment 1)
and thermal stimuli (Experiment 2) accepted by these mechanical receptors are
considered, and we quantitatively evaluated the influence of these two tactile stimuli
on the impression on olfactory stimulation. In Experiment 1, the influence of the
tactile sensation presented irrespective of the smell on the impression evaluation is
considered. In Experiment 2, we evaluate the effect of thermal sensation on the
impression of odor by simultaneously presenting thermal sensation to palm and
odor. Furthermore, by integrating these results, we summarized the effect of tactile
stimulation on the impression of taste/olfactory stimulation as a general rule, which
contributes to tactile design aiming at controlling emotional impression to taste/odor
stimulation. Through these, it is possible to design products so as to provide intended
emotional impression with consumers, not by the approach by controlling physical
characteristics of the product itself, already mentioning its limitations. In particular,
in markets where more than 300 types of similar products exist, such as cigarettes,
and differentiation among products is becoming difficult, whether a certain product
can provide an emotional impression is a key factor to make the product different
from other products in terms of discrimination.

4.2 Experiment 1: Effect of Texture on Sensory
Evaluation of Odor Stimuli

In the first experiment, we examined the effect of incidental haptic stimuli on
evaluation of emotional impression. Subjects were asked to evaluate impression of
room odor, using a pencil with coarsely or slippery texture on its surface. Stimulus
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presented by the surface of the pencil is considered to be irrelevant to odor to be
evaluated.

4.2.1 Method

As a stimulus for presenting tactile stimuli to the participants, experimental stimulus
was prepared by applying a spray (stone-like splay white, Asahi Pen) that adds
harsh texture to the surface of HB hexagonal pencil (Tombow 8900-HM,
Tombow). In addition, as a control stimulus, a white spray (TS-26 Pure White,
Tamiya) was applied to the same hexagonal pencil. The surface of the pencil coated
with the white spray has the same white color as the spray which adds a harsh
texture, but the tactile sensation is almost the same as before applying the spray. It
should be noted that the dynamic friction coefficient and the static friction coeffi-
cient of the pencil surface were 1.045 and 0.570 for the pencil with a rough texture,
and 1.232 and 0.513 for the pencil with the control stimulus, respectively. These
pencils were left in a constant temperature reservoir kept at 35 °C for 24 h before
the experiment in order to prevent the odor of the spray applied to the surface from
affecting the evaluation. The texture of these pencils is shown in Fig. 4.1.
Frankincense essential oil (Seikatsu-no-ki) was used as an odor stimulus for the
subject of emotional impression for the following reasons. If we evaluate smells
that are easy to remember, such as foods and fruits, it is expected that the
impression of the foods or fruits itself will be evaluated rather than the impression
of those odor. Therefore, Frankincense essential oil was used as an odor stimulus
having sufficient odor intensity when sprayed into the room and being hard to recall
what smell was. Prior to the experiment, the essential oil was atomized and diffused
into the aroma oil diffuser in a highly airtight sensory evaluation room for 15 min.

Fig. 4.1 Pencils for experimental stimuli with harsh surface (left) and control stimuli (right)
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The size of the sensory evaluation room was 17 m2, and the room temperature was
22 °C. The experiment was started after the experimenter confirmed that odor was
evenly distributed in the sensory evaluation room by spray diffusion for 15 min.

The participants were ten healthy male and female (seven males and three
females), accustomed to the impression evaluation of odors. Also, the averaged age
was 25.1 (s.d. = 1.73). Experimental conditions for presenting pencils of rough
texture and control conditions for presenting control stimuli were conducted in
different sessions, and the intervals were spaced more than three days between
sessions. Each participant participated in both the experimental conditions and the
control conditions, with counterbalanced order. In the sensory evaluation room,
participants were sitting at regular intervals on a round table and experimented. At
the same time, there were 1-3 participants participating in the experiment. From the
beginning and the end of the experiment, the conversation between the experiment
participants was not allowed.

Under the experimental condition, participants used a rough surface pencil and
smoothed-surface pencil in control condition according to the following procedure.
First of all, we placed the experiment participants in the sensory evaluation room
and participants made the following tasks 1-3 with the given pencil. Each task was
printed on a separate brochure, and each time the participant completed a task,
experimenter distributed a questionnaire on which the next task was printed. As the
first task, participants were required to fill in the Japanese-translated IPANAT [11],
a questionnaire developed to measure the degree of positive mood and negative
mood of participants through evaluation on meaningless character strings. In the
experiment, it is necessary to present the odor and the tactile stimulus to the
participants prior to the evaluation of the impression of the odor. Therefore, by
filling in the IPANAT questionnaire, we presented smell and haptic stimuli before
evaluation of room odor. In addition, the results of the IPANAT were also used to
examine the influence of the degree of positive mood and negative mood on the
emotional impression to the odor. As task 2, we asked to evaluate the impression of
the odor of the room by the following 17 attributes; “Refreshing,” “turbid,” “ele-
gant,” “smooth,” “complex,” “unique,” “thick,” “supple,” “nostalgic,” “sharp,”
“energetic,” “clean,” “serious,” “comfortable,” “fierce,” “coarse,” and ‘“natural.”
These attributes are cited from Higuchi et al. [12], Ferdenzi et al. [13] which
examined attributes to describe odor. Also, in order to show that the effect of tactile
sensation appears selectively for a specific impression, not all attributes, the term
“serious” which seems to be inappropriate for evaluating the impression of odor [8]
was also used. The evaluation was made on free-scale from “I do not feel it at all” to
“I fell it very much” and on the scale, as an anchor to assist answers “I feel it
slightly,” “I feel it somewhat,” “I feel it quite” are places spaced equally. Finally, as
task 3, participants were asked to evaluate tactile sensation on pencil surface which
they were using in the current session. Nagano et al. [14] review the dimensionality
of haptic sensation that is often extracted in evaluation of texture. Here, among
those evaluation dimensions, we employed the following six attributes for evalu-
ating texture: “silky,” “slippery,” “moist,” “smooth,” “rough,” and “nubby” with
the same scale as the task 2. After completing all three tasks, participants were
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asked to leave the sensory evaluation room, and after sufficient ventilation, the
essential oil was sprayed again for 15 min. With an interval of 1 day or more,
participants evaluated the emotional impression of surface of the pencils by the
same attributes used in the task 2, emotional evaluation of room odor.

4.2.2 Results

4.2.2.1 IPANAT Score

Based on the results of Japanese IPANAT used in task 1, averaged value of
evaluation for each mood term is obtained for each condition. Here, for ith par-
ticipant (i = 1,...,10) in jth condition (j = 1: experimental condition; 2: control
condition), positive mood score P; and N;; are given by

P,‘j = 3_lzkpijk;Nij = 3_12kn,»jk (14)

where p;i and n; denote kth (k = 1, 2, 3) subscale score of positive and negative
mood for ith participant in jth condition, respectively. Wilcoxon’s sign rank test
was conducted between slippery (control)/rough (experiment) conditions on each of
the positive and the negative mood score. As a result, no significant difference
(positive: p = 0.333; negative = 0.386) between the conditions was confirmed for
both positive and negative mood scores, which indicates that the tactile stimulus
presented to the participants did not bias on a mood difference in terms of positive
or negative.

4.2.2.2 Emotional Impression of Room Odor

In order to investigate influence on the evaluation of emotional impression of room
odor given by the difference in tactile stimuli on the surface of the pencils, scores
between the conditions were tested using Wilcoxon’s sign rank test. As a result,
significant differences between the conditions were confirmed at ‘“nostalgic”
(V (10) =42, p=0.020, d=0.953) and “clean” (V (10) =5.5, p = 0.043,
d = —0.535) at 5% level of significance and “unique” (V (10) = 45.5, p = 0.070,
d = 0.395) at 10% level. Figure 4.2 shows the average score and standard error for
each attribute of emotional impression, where d stands for Cohen’s d effect size [15].

In the above analysis, we examined the influence of tactile impressions indi-
vidually for each of the impression attributes. However, rather than assuming that
each impression word is individually influenced by tactile stimulus, there should be
a smaller number of “combinations of impressions” behind multiple impression
attributes, and they are biased by external tactile stimuli. By extracting such small
number of combinations abstracting impression attributes, we can estimate the
influence of tactile stimulus for impression other than those used in this experiment.
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Fig. 4.2 Averaged emotional impression scores in both conditions; error bar stands for standard
error of average

Therefore, principal component analysis based on the correlation matrix was
applied in order to extract such combinations, after row-wise standardization of the
data matrix in order to eliminate scale difference of individual. The number of
principal components was set at 3 according to the scree plot of eigenvalues, and
55.76% of variance of the data is explained by these components. Figure 4.3 shows
averaged component scores.

With Fig. 4.3, for the second principal component, there exists a significant
difference of scores between the conditions (#(9) = 2.309, p = 0.046). In addition to
component loadings in Fig. 4.4, the second principal component corresponds to an
impression attribute considered to be related to tactile stimulus such as “coarse,”
“complex,” “turbid,” “sharp,” and “smooth.” The second component can be
interpreted as a combination of impression given by a rough texture by the fol-
lowing reasons: “coarse,” “complex,” and “turbid” loading on the component
positively were considered as impressions felt by the rough texture presented under
experimental condition; “smooth” which is considered to be given by slippery
texture presented at control condition loads negatively on the second component.
Therefore, combination of impression given by rough texture, corresponds to the
second component, was highly felt at the experimental condition. Combining these
results, it is considered that the emotional impression felt from the tactile stimuli is
integrated to the emotional impression of odor, even if the texture presented by the
surface of pencils are irrelevant to room odor.
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The average value of tactile evaluation performed in the task 3 is shown for each
condition in Fig. 4.5. Wilcoxon’s sign rank test was applied to each of attributes,
and significant differences between the conditions are found at several attributes, as
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Fig. 4.5 Averaged scores of texture evaluation of pencils; error bar stands for standard error of
average

can be found in the figure. From this, it can be considered that the participants were
given the intended tactile stimuli by using and touching the surface of the pencil.
Also, as the error bars in the figure show, the variation in the evaluation of the
participants is reasonably small, which indicates that all participants in the exper-
iment are considered to feel almost the same feeling from the pencils though there
are small individual differences within the same condition.

4.2.2.4 Emotional Evaluation of Pencil Texture

The average value of tactile evaluation performed in task 3 is shown for each
condition in Fig. 4.6. Wilcoxon sign rank test was applied to each of attributes, and
significant differences between the conditions are found at “turbid” (V(10) = 55,
p =0.002, d = 1.264), “unique” (V(10) = 53, p = 0.006, d = 1.725), “energetic”
(V(10) = 53.5, p = 0.006, d = 1.535), “coarse” (V(10) = 55, p = 0.002, d = 4.030),
“complex” (V(10) =44, p=0.008, d=1433), and “sharp” (V(10) =52,
p = 0.010, d = 1.535) at 1% level of significance; “supple” (V(10) = 6, p = 0.027,
d = —1.165) and “fierce” (V(10) = 28, p = 0.017, d = 1.724) at 5% level.

4.2.3 Discussion

A significant difference between the conditions in the evaluation of emotional
impression of room odor was observed at the attributes “unique,” “nostalgic,” and
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“clean” due to the difference in the surface tactile sensation provided by the pencils.
In addition, as a result of Japanese IPANAT, no statistically significant difference
was confirmed in the positive/negative mood depending on the tactile sensation
presented. It has been reported that mood of experiment participants influences
decision-making [16—18]. In this experiment, it is considered that the tactile stimuli
do not affect the mood of the participants, and the difference of the evaluation of
impression is not caused by the difference in feeling given by the tactile stimuli.
Furthermore, according to Fig. 4.5, it can be said that the participants felt all the
intended feeling from the pencil surface, although there exists some individual
difference. It is therefore considered that the tactile information given accompa-
nying the emotional impression evaluation surely influences the emotional
impression evaluation of odor. In addition, considering the results of the task 2 and
task 4 shown in Figs. 4.2 and 4.5, respectively, it can be seen that the conditions in
which higher evaluation values were observed are consistent with the impression of
room odor and tactile sensation. The impression attribute “unique,” for example,
was highly evaluated under experimental conditions and also highly evaluated
under the same conditions even in impression on tactile sensation. These results
indicate that emotional impressions felt for the tactile information presented toge-
ther with olfaction information were recognized as if they were attributed to the
olfactory information, resulting in a difference in the impression evaluation between
the conditions.
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Principal component analysis was applied to extract a group of a few impression
attributes existing behind the multiple impression attributes and investigate how
much they are felt under experimental/control conditions by comparing component
scores. As a result, three principal components were extracted in which the second
component heavily loads the impressions “coarse,” “complex,” “turbid,” “sharp,”
and “unique.” These attributes are in agreement with the impression felt more
strongly to the tactile sensation presented under experimental conditions as shown
in Fig. 4.6. This indicates that the second component can be interpreted as “a set of
impressions felt for the rough texture.” Comparison of component scores reveals
that the second component score is significantly higher in experimental condition.
This suggests that when presented with a rough texture, the impression similar to
the tactile stimuli is more strongly experienced and impression felt for tactile
sensation was attributed to odor and experienced.

In this experiment, we examined the influence of tactile stimuli not attributable
to the room odor, and therefore, it is considered that the participants recognized the
presented tactile stimulus, that is, the tactile sensation of the pencil surface as being
independent of the odor. As described above, it was confirmed that the impression
felt for the tactile sensation was attributed to the odor. Therefore, it is suggested that
the mechanism of recognition of emotional impression for a certain sensory input is
as follows. When there are information inputs from a multiple of sensory modal-
ities, the emotional impression felt with respect to these information is recognized
in integrated manner for all modalities not parallel for each modality. Misattribution
of impression therefore occurs in such situation. These results of this experiment are
assumed as important suggestions on the tactile design of the surface of the product
and the design of the interface to give the intended emotional impression, which is
necessary for user experience design.

4.3 Experiment 2: Effect of Thermal Sensation on Sensory
Evaluation of Odor Stimuli

In this experiment, influence of irrelevant thermal sensation on the evaluation of
emotional impression of odor was examined.

4.3.1 Method

The apparatus is composed of the following three components: Peltier controller
with built-in Peltier element (VPE35-12-40S, VICS), a duralumin cylinder with a
diameter of 25 mm and a height of 100 mm for presenting a thermal stimulus to the
palm of participants, and a plastic container 25 mm in diameter and 50 mm in
height for storing odorants. At the bottom of the cylinder, a duralumin plate of the
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same size as the Peltier element and a thickness of 5 mm is attached to the Peltier
element. The temperature of the element surface is therefore transmitted from the
element surface to the duralumin cylinder through the duralumin plate. A cedar
board with a thickness of 5 mm was installed on the upper surface of the Peltier
element for heat insulation. Also, in order to prevent the temperature of the dura-
lumin cylinder from being transferred to the odorants and its physical properties and
volatilization to be changed, a 5-mm-thick cedar plate is also installed between the
cylinder and the plastic container. In order to eliminate the visual influence of the
apparatus, the apparatus was covered with a dark curtain in the form that only
the plastic container is visible.

Peppermint essential oil (Takasago Perfumery Industry) impregnated into a
5 mm x 10 mm paper was used as an odorant presented to the participants. And it
is stored in the plastic container of the apparatus. The thermal stimulus is presented
to the palm of participants by grasping the duralumin cylinder of the experimental
apparatus, with the temperature of 38 °C in hot condition, 20 °C in cold condition,
and 32 °C in control condition.

The participants were 12 healthy male and female (seven male, five female), and
the averaged age was 28.4 years old (s.d. = 3.2).

The procedure of the experiment is as follows. After describing the purpose of
the experiment and entering the consent form, in order to control the temperature of
the palm, a non-dominant hand was placed on the hot plate holding the temperature
at 32 °C with the palm down for 5 min. Then, in order to eliminate the influence of
the auditory, participants were requested to wear a noise canceling headphone with
white noise hearing. After confirming that the temperature of the upper end and the
lower end of the duralumin cylinder was within the range of £ 0.5 °C from the
temperature presented in the condition, participants were required to insert the hand
of the non-dominant hand from the front side of the apparatus and grasp the
duralumin cylinder. Then participants were requested to fill the following ques-
tionnaire by using a pencil with a dominant hand. First, in a state without smelling,
coldness/warmth felt from the palm was evaluated in seven points scale from “very
cold” to “very hot.” Next, smelling the odorant from plastic containers, participants
evaluated the impression felt from the odor by seven points scale from “I don’t feel
it at all” to “I feel it very much.” We used the following 19 attributes for evaluation:
“transparent,” “refreshing” “cool,” “exhilarating,” “clear,” “revitalizing,” and
“clean” which are thought to be felt on coolness; and “warm,” “mild,” “smooth,”
“energetic,” “relaxed,” “relieved,” and “exciting” which are thought to be felt on
warmth. “Thick,” “bright,” “dark,” “comfortable,” and “calm” which can be
regarded as being irrelevant to warmth and coolness are also used. After the
evaluation, participants pulled out the hand from the apparatus, took a 2 min break,
then placed the palm of the non-dominant hand on the hot plate again kept at 32 °C
for 5 min. Participants then proceeded another condition with a fresh odorant
(Fig. 4.7).
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Fig. 4.8 Averaged scores of emotional impression in cold/hot/control conditions. Error bar stands
for standard error of average

4.3.2 Results

Figure 4.8 shows the averaged impression score with respect to 19 attributes at hot/
cold/control conditions. Mixed-ANOVA with the participants as a random effect
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and the conditions as a fixed effect was applied for each of the attributes in order to
compare the evaluation between the conditions. As a result, significant effect of
conditions was confirmed at “relaxed” (F(2, 18) = 4.562, p = 0.025) at 5% sig-
nificant level and “warm” (F(2, 18) = 3.115, p = 0.069) and “smooth” (F(2,
18) = 3.391, p = 0.056) at 10% level. Tukey’s multiple comparison was subse-
quently applied for these attributes, and the result reveals that the evaluation of
“relaxed” impression is significantly lower in cold condition than in control con-
dition (p = 0.007). And “warm” impression is lowest in the conditions (hot-cold:
p = 0.078; control-cold: p = 0.078), and “smooth” impression is significantly lower
in cold condition than in control condition (p = 0.033).

As in the Experiment 1, PCA is applied to the impression scores. Data matrix
was composed by stacking subject x attributes matrices in three conditions, and
number of components was set at 4 based on the scree criterion with 60.12% of
variance explained. Figure 4.9 shows the averaged first, second, third, and fourth
component scores in each condition. Clear difference between the cold condition
and the hot condition can be seen at first component score. Result of ANOVA
applied to the first component score with condition as a fixed factor shows a
significant difference between the hot and cold conditions (F(2, 33) = 3.491,
p = 0.042).

Figure 4.10 shows component loadings of 19 attributes. The first component
heavily and positively loads on the attributes “cool,” “exhilarating,” “clear,” “re-
vitalizing,” “transparent,” and “refreshing” which are considered to be related to
cold stimulus. Also, the component heavily and negatively loads on “mild,”
“smooth,” “relaxed” “relived,” and “warm” which are considered as impression felt
on hot stimulus. The first component can be therefore interpreted as a set of
impressions felt on cold sensation (Figs. 4.9 and 4.10).

4.3.3 Discussion

Similar to the first experiment, it is confirmed that thermal sensation, as well as
texture, biases evaluation of emotional impression felt on olfactory stimulus. Also,
the result of PCA indicates that the principal component, which can be interpreted
as a “set of impressions felt on cold sensation,” is highly felt in the condition where
cold sensation is presented. It should be noted that these impression is considered to
be related to thermal and somatosensory sensation presented by peppermint
essential oil and its ingredient L-menthol. These results suggest that, as observed in
the first experiment, the impression felt on thermal stimuli from the subjects’ palm
is integrated to the impression felt on the odor.

Ho et al. [19, 20] showed that integration of visual and thermal stimuli is
Anti-Bayesian integration; contrast between two different modalities is highlighted.
The results obtained in this example, however, suggest that olfactory and thermal
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stimuli are integrated as Bayesian manner. It can be said that, different from fun-
damental information processing considered in Ho et al.’s results, in higher-order
information processing such as evaluation of impression, input from multi-modal is
integrated as Bayesian manner.

4.4 Concluding Remarks

We considered the effect of haptic stimulus on emotional impression of olfactory
stimuli by two experiments. The results of Experiment 1 and Experiment 2 are
similar in the following point. Despite the subjects were instructed to evaluate the
sensory impression on the odor, the impression of the incidentally presented tactile
stimulus is experienced as an emotional impression of odor. It seems that there
exists a common mechanism that the haptic stimulus influences the cognition of
emotional impression in these two experimental results, and the mechanism is
thought to be as follows.

Suppose that the situation where the haptic stimuli 7 is incidentally presented at
evaluation of emotional impression of the odor O. In the first experiment, O and
T stand for Frankincense essential oil and the texture of the pencil. Here, consider
that the emotional impression A is felt on the odor O itself and also the impression
B is felt on T. The results of two experiment suggest that when O and T are
simultaneously presented and evaluation of impression on O is required, the
impression felt on O is not only A but also B. In other words, when we recognize
the impression of A and B are felt from different stimuli, at least for the combination
of olfaction and haptic stimulus presented in these experiment, it is suggested that
we cannot clearly distinguish the source of these impression. As can be seen in
size—weight illusion, inputs from two or more different modalities are integrated at
information processing stage. Therefore, since the emotional impression as a result
of higher-order processing is the result of integration of multimodal inputs, it is
reasonable to assume the difficulty in orienting the source of different impressions.

At the same time, this suggests that impression of a certain haptic sensation
B can be “added” to the impression of olfactory sensation A, by simultaneously
presenting the haptic sensation. In addition, as suggested from the experiments,
contextual correspondence between the source of A and B, O and 7, is not always
necessary. We call this as “additive rule” of emotional impression.

The additive rule of emotional impression has an important implication for user
experience design. As mentioned in the first section, user experience design,
especially in the development of cigarettes, is not accomplished by optimizing taste
and olfactory stimuli. The additive rule suggests that haptic sensation, presented by
texture of package and cigarette, for example, can use another tool for controlling
emotional impression felt on the taste and olfaction of the product. As a result, it is
possible to design a product that can surely provide an emotional of impression
desired by consumers. This implication is not limited for cigarettes, and considered
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to be available for other consumer products, which facilitates more flexible product
design for controlling emotional impression and the following user experience.
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Chapter 5
The Selfish Brain: What Matters Is My
Body, not Yours?

Yoshiaki Kikuchi and Madoka Noriuchi

Abstract Our behavioral response to our own crisis situations activates an auto-
matic neural mechanism for protecting ourselves, while our response to others’
crisis situations is not always toward saving them. That is, this automatic neural
mechanism is implemented in our brain essentially for protecting not others, but the
self, based on a biological principle. In this regard, it can be said that we have a type
of Selfish Brain mechanism, which works primarily for protecting the self. Here, we
focused on bodily unstable situations, and investigated whether the Selfish Brain
could be observed or not, by viewing these bodily unstable situations of the self and
others, and comparing the neural and behavioral responses, based on a third-person
perspective paradigm. We found significant brain activity specific to one’s own
bodily crisis, but no significant activity in others’ crisis situations. These
self-specific regions included the regions that would be activated during genuine
unstable bodily states: the right parieto-insular vestibular cortex, inferior frontal
junction, posterior insula, and parabrachial nucleus. These right-lateralized cortical
and brainstem regions may mediate vestibular information processing for detection
of vestibular anomalies, defensive motor responding (in which the necessary motor
responses are automatically prepared/simulated to protect one’s own body), and
sympathetic activity, as a form of alarm response during whole-body instability.
Furthermore, there were no significant differences between the self and others in
terms of subjective feelings. These findings suggest that the Selfish Brain mecha-
nism is integral to our brains, and it works unconsciously and automatically to
resolve one’s own crisis.

Y. Kikuchi () - M. Noriuchi

Department of Frontier Health Science, Division of Human Health Sciences, Graduate School
of Tokyo Metropolitan University, 7-2-10, Higashi-Ogu, Arakawa-ku, Tokyo 116-0012,
Japan

e-mail: ykikuchi@tmu.ac.jp

© Springer International Publishing AG 2018 49
S. Fukuda (ed.), Emotional Engineering, Vol. 6,
https://doi.org/10.1007/978-3-319-70802-7_5



50 Y. Kikuchi and M. Noriuchi

5.1 The Selfish Brain

What do we do when we are falling? We protect our body from falling by auto-
matically and promptly attempting to control our bodily balance. Then, what do we
do when another individual is falling? We help the individual we like, but are less
likely to help the individual we dislike. Thus, our behavioral response to our own
crisis situations activates the automatic neural mechanism for protecting ourselves,
while our response to others’ crisis situations is not always toward saving them.
That is, this automatic neural mechanism is implemented in our brain for protecting
not others, but rather the self, probably based on a biological principle. In this
regard, it can be said that we have a type of Selfish Brain mechanism that works
primarily for protecting the self. Thus, our behavioral and brain responses differ,
depending on whether the threatening situation involves the self or others, and this
situation is visually based on a first-person perspective. In fact, we can, of course,
easily see other individuals, but we cannot see ourselves without a mirror, and this
seems to be a very strong perceptual restraint. Although the first-person perspective
is one of the most important factors for the self—other distinctions, it may be true
that this viewpoint is also a confounding factor for observing the true self—other
difference in brain activity based on visual recognition paradigms. We therefore
considered that such factors could be excluded by using a third-person perspective
paradigm, in which each participant could see his own body in crisis situations from
the same perspective as the crisis situations of others, and the true self-other
differences would be depicted as differences in the brain and behavioral responses,
if it exists. Based on these considerations, we considered bodily unstable situations
as a crisis situation, and investigated whether the Selfish Brain could be observed,
by viewing bodily unstable situations involving the self and those involving others,
and comparing the neural and behavioral responses, based on the third-person
perspective recognition paradigm.

5.2 The Third-Person Perspective Recognition Paradigm

Thirteen right-handed healthy male participants (mean age = 24.7 &+ 4.3 years)
took part in the experiment. The stimuli were video clips of the participants’ own
bodies, as well as those of four other unfamiliar individuals, across three different
conditions: statically stable (SS), dynamically stable (DS), and dynamically
unstable (DU). Each participant was instructed to stand and maintain their balance
on three types of wooden balance boards with two quadrangular pillars (SS), two
round pillars (DS), and one round pillar (DU) (Fig. 5.1). In the DS condition, the
board was moved horizontally at cycles of about 0.27 + 0.03 Hz and with a range
of about 10 cm. In the DU condition, the participant was instructed to keep the
board horizontal as much as possible. Clips depicting the self were identified as
such using a white mark positioned to the right above the image (Fig. 5.1). Here,
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Statically Stable: SS Dynamically Stable: DS Dynamically Unstable : DU

Fig. 5.1 Three types of wooden balance boards used in the present experiment. The participant
was instructed to stand and maintain his balance on three types of wooden balance boards: two
quadrangular pillars (statically stable) (left), two round pillars (dynamically stable) (middle), and
one round pillar (dynamically unstable) (right). A white circle was marked on the right above the
self-clip

we defined “body instability,” or the unstable components of whole-body move-
ments, as the differential visual information based on the subtraction of DS (pre-
dictable and stable movements) from DU (unpredictable and unstable movements).
We contrasted brain activity during the DU and DS conditions separately for self
and others (Self DU vs. Self DS, Others DU vs. Others DS) to investigate the neural
basis of visual information processing of body instability, and these contrasts were
also directly compared (Self [DU vs. DS] vs. Others [DU vs. DS]) to investigate
self-specific neural processes related to body instability. In addition, here, we
defined the “self-specific neural activity” related to body instability as follows: the
activity in which it is significantly activated for the contrast of Self (DU vs. DS)
versus Others (DU vs. DS), and the averaged eigenvariates in the spherical region
of interest (ROI; radius 5 mm) centered at each cluster, showing significant activity
in the above contrast is positive (activation) in the contrast of Self (DU vs. DS).

5.3 Statistical Analysis of Subjective Ratings

After the fMRI scans, the participants were asked to rate their emotional state while
viewing the sample video clips. Four items measuring aspects of motion patterns
and six items assessing various aspects of emotion were administered as follows:
“How much did you feel the body was unstable (body instability), stable (body
stability), dynamic (dynamic state), or static (static state)?”” and “How much did you
feel anxious (anxiety), relieved (relief), in danger (danger), safe (safety), impatient
(impatience), or calm (calmness)?” We used a five-point Likert scale for data
collection (“not at all, 0” and “completely agree, 4”). A two-way repeated-measures
ANOVA (2 performers x 3 conditions) were performed for each of the subjective
ratings at p < 0.01. If the sphericity assumption was violated (significant results in



52 Y. Kikuchi and M. Noriuchi

Mauchly’s test of sphericity), degrees of freedom were corrected using
Greenhouse—Geisser estimates of sphericity. Post hoc tests with Bonferroni cor-
rection for multiple comparisons were applied at p < 0.01. In addition, for each of
the subjective ratings, the differential score between Self DU versus Self DS was
compared with that for Others DU versus Others DS using paired #-tests (p < 0.01).

In the aspects of motion patterns (Fig. 5.2a), there were no significant interac-
tions between the performer and condition, in the body instability, body stability,
dynamic state, or static state. There were significant main effects of condition, in all
the motion aspects (body instability, body stability, dynamic state, static state).
There were no significant main effects of performer in the body instability, body
stability, dynamic state, or static state. Multiple comparisons for subjective ratings
of motion pattern indicated that participants felt more unstable and dynamic, as well
as less stable and static, in the DU condition than in each of the DS and SS
conditions, and in the DS than in the SS condition. Moreover, paired #-tests showed
that there were no significant differences between the self and others for the DU
versus DS contrast, in the body instability, body stability, dynamic state, or static
state. In terms of emotion (Fig. 5.2b), there were no significant interactions between
performer and condition, in the anxiety, relief, danger, safety, calmness, or impa-
tience aspects. There were significant main effects of condition, in all the aspects of
emotion (anxiety, relief, danger, safety, calmness, impatience). There were no
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Fig. 5.2 Subjective ratings of motion pattern (A) and emotion (B). There were significant main
effects of conditions (DU, DS, and SS), and no significant main effects of performers. DU:
dynamically unstable, DS: dynamically stable, SS: statically stable
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significant main effects of performer in the relief, calmness, anxiety, danger, safety,
or impatience aspects. Multiple comparisons for subjective ratings of emotion
indicated that participants felt more anxious, in danger, and impatient, as well as
less relieved, safe, and calm, in the DU condition than in each of the DS and SS
conditions, and that they felt more anxious in the DS than in the SS conditions.
Moreover, paired 7-tests showed that there were no significant differences between
the self and others for the DU versus DS contrast, in terms of anxiety, relief, danger,
safety, impatience, or calmness aspects.

5.4 Neural Activity for Processing One’s Own Body
Instability

In the self-conditions (Self DU vs. Self DS), the right dorsal premotor cortex
(PMd), parieto-insular vestibular cortex (PIVC)/temporo-parietal junction (TPJ),
inferior parietal lobe (IPL), fusiform gyrus, putamen and caudate nucleus, left
anterior supramarginal gyrus (aSMG), and the fusiform gyrus were significantly
activated (Fig. 5.3).

In monkeys, the PIVC at the posterior end of the insula constitutes the core
region of the vestibular cortex, as it contains many vestibular-driven neurons [2, 31,
32]. The PIVC is also considered to be the core region of the vestibular cortex in
humans [25, 28, 32, 33] and receives disynaptic inputs from the vestibular complex
via the thalamus [4, 12]. PIVC activity during vestibular stimulation is stronger in
the right hemisphere in right-handed individuals [8], in concordance with our
finding. In addition, right perisylvian areas including the IPL are also related to
vestibular functioning in humans (caloric or galvanic) [25, 32, 33, 37] and the PIVC
is also connected with the pulvinar area, suggesting possible routes for visual inputs
pertaining to body instability to the vestibular cortex [32]. In addition, the right TPJ,

_ S\Qj‘ﬁ(
)

v orw Yy

“R.PMd

I 2—F
A

R. PIVC/TPJ

Fig. 5.3 Brain regions significantly activated for the Self DU versus Self DS contrast. R: right, L:
left, PMd: dorsal premotor area, PIVC: parieto-insular vestibular cortex, TPJ: temporo-parietal
junction, SMG: supramarginal gyrus
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which partially overlaps with the PIVC, receives somatosensory, visual, and
vestibular inputs, plays a critical role in encoding spatial aspects of bodily
self-consciousness [1], and is activated by any salient changes in sensory stimuli
[26]. Thus, activity of this region may be related to information processing of the
spatial aspects of highly salient and potentially dangerous bodily movements.

There was also significant activation of the right PMd (corresponding to the
lower extremities and trunk), caudate, putamen, and left aSSMG. These brain regions
may be involved in automatically and rapidly transforming information regarding
one’s unstable movements from the visual allocentric space to the egocentric motor/
body spaces, based on one’s own body schema [17, 32]. A meta-analysis of the
functional neuroimaging studies of action representations [36] illustrates that
extensive activity overlap exists between the motor-related brain areas during action
observation, simulation, and execution. Moreover, the SMG is an important node in
the network of fronto-parietal sensorimotor-related areas that represent limb
movements [43]. The left SMG is particularly active during a variety of tasks
involving tools [18, 36] and spatiotemporal control of skilled actions [34] and plays
a key role in representing memories for skilled praxis [18, 23], suggesting that the
left SMG underlies body schema representation. In addition, the left aSMG changes
rapidly for optimization of responses to vestibular input during whole-body per-
turbations [40], suggesting that the body schema is flexible and can adapt to novel
environments.

5.5 Neural Activity for Processing Others’ Body
Instability

The right EBA and left SPL were significantly activated in the Others DU versus
Others DS contrast (Fig. 5.4), and these areas appear to be involved in processing
others’ body instability.

Fig. 5.4 Brain regions significantly activated for the Others DU versus Others DS contrast. R:
right, L: left, EBA: extrastriate body area, SPL: superior parietal lobe
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The right EBA, which is activated strongly and selectively in response to static
and dynamic images of human bodies and body parts [9, 27, 29], is activated to a
greater extent by allocentric than by egocentric views [42, 45, 46] and responds
more to impossible than possible movements [19]. This activity might be required
for the visual analysis of others’ body instability, in agreement with previous
findings that the recognition of others is related to visual processing, whereas
recognition of the self is more related to motor processes [30] (Fig. 5.5). In addi-
tion, left SPL activity is thought to be critical in the visual analysis of others’
instability via the processing of specific body parts [11].

5.6 The Selfish Brain Discriminates the Self and Others

Based on these findings, the neural process of dealing with one’s own body
instability appears to consist mainly of the following three processes. First, there is
a visual process for extracting dynamic body instability, in which body instability is
extracted from visual representations of one’s own whole-body movements.
Second, there is a motor/body process for space transformation (from allocentric
space to egocentric space), in which the instability components are interpreted as
one’s own unstable bodily state, based on one’s own body schema. These two
processes are associated with fusiform regions, the PMd, SMG, putamen, and
caudate. Finally, there is a vestibular process in which degree of body instability is
estimated via the PIVC. In contrast, the neural process of others’ body instability
involves only the visual information process (Fig. 5.5).

Others' body instability One's own body instability
Visual processing Visual process
(EBA, SPL) (— for extracting dynamic body instability
(fusiform, IPL)
Self-other distinction? -========== —— s s i

Motor/body process
for space transformation(allocentric 2 egocentric)
(basal ganglia, SMG, PMd (lower limb))

Vestibular process
for estimation of the degree of body instability
(PIVC/TPI)

Fig. 5.5 Comparison of neural processes by viewing one’s own body instability and others’ body
instability. While the latter process involves only visual processes, the former consists of the
motor/body and vestibular processes in addition to visual processes
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5.7 Brain Regions Constituting the Selfish Brain

As shown in Fig. 5.6, the self-specific activity was found in the right rostral lateral
prefrontal cortex (RLPFC), inferior frontal junction/ventral premotor cortex (IFJ/
PMv), posterior insular cortex, and parabrachial nucleus (PBN), and the left lingual,
fusiform and parahippocampal regions. Among the above brain regions, the IFJ/
PMv, posterior insula, and PBN were considered to be the possible regions
specifically corresponding to genuine bodily instability, based on previous studies.
In contrast, there was no significant brain activity specific to the instability of
others.

Activation of the right PBN and posterior insula, both of which are related to
homeostatic processes and survival, was observed during the processing of one’s
own bodily instability. The communication between vestibular nuclei and the PBN
is bidirectional, suggesting that the discharge of some vestibular nucleus neurons
may present contextual information regarding the level of danger indicated by the
incoming gravito-inertial information [44]. The PBN contains cells that respond to
body rotation and position relative to gravity, and it appears to be an important node
in a primary network that processes convergent vestibular, somatic, and visceral
information to mediate avoidance conditioning, anxiety, conditioned fear responses,
and affective responses, including panic associated with falling [44]. The response
properties of PBN units allow detection of anomalies in head stability control, as a

Self-specific activity g PMv/IF):

related to body instability | / ol ;:—;::- ‘;:::;::?;:C’;gﬁ

pINS: posterior insula

Fig. 5.6 Self-specific brain activity in the DU versus DS contrast. The PMv/IFJ, pINS, and PBN
were significantly activated for the Self (DU. DS) versus Others (DU. DS) contrast. PMv: ventral
premotor area, IFJ: inferior frontal junction, PBN: parabrachial nucleus
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consequence of body postural control loss relative to gravity [5]. Accordingly,
self-specific PBN activity during the processing of one’s own body instability might
evoke such responses to dangerous departures from normal and stabilized move-
ment trajectories. While the vestibular information for discriminating signals
reflecting whole-body trajectory changes may contribute to either postural control
or adaptive cardiovascular (e.g., vestibule/sympathetic) responses via descending
PBN connections to the vestibular nuclei, medulla, and spinal cord [13, 20], inertial
guidance monitoring may provide interoceptive information to ascending pathways,
from the PBN ipsilaterally to the insula, via the thalamus.

The insular cortex is organized in a hierarchical caudal-rostral direction,
whereby primary sensory inputs projecting to the posterior insula, including
somatosensory, vestibular, and visceral inputs, are progressively elaborated and
integrated across modalities in the middle insula [3, 45]. The insula differentiates
sympathetic and parasympathetic activity [10, 39], and electrical stimulation of the
right insular cortex elevates diastolic blood pressure and heart rate while stimulation
of the left insula decreases heart rate [15, 16]. Sympathetic activity appears to be
represented in the right hemisphere [15, 39]; thus, the observation of activation of
the right PBN and posterior insula suggests strong sympathetic activity specifically
in response to one’s own body instability.

A meta-analysis has shown that IFJ/PMv [14] activity is associated with inter-
pretation of potential threat-related stimuli [41, 48]. In particular, perceiving fear
during dynamic body expression induces right PMv activity [49]. Moreover,
electrical stimulation of the dorsal polysensory area of the PMv evokes a specific
set of defensive movements (avoiding, protecting, and withdrawing) [35]. The
centering movement of the eyes that occurs during defensive reactions is evoked by
stimulation of the polysensory zone sites [6]. One major function of the polysensory
neurons may be to monitor nearby potentially threatening objects and to coordinate
complex movements in order to protect the body surface from those objects,
implicating involvement of the right IFI/PMv in motor preparations/simulation for
such defensive reactions to an impending bodily crisis.

In addition, previous studies have suggested that a defining function of the
rostrolateral prefrontal cortex (RLPFC) is metacognitive processing [7] or the
process of reflecting upon one’s own mental contents [21, 22, 24, 38]. In the present
study, our participants were supine in the MRI scanner and viewed videos of
themselves and of others making potentially unstable and dangerous movements.
Metacognitive processing might be required for processing one’s own movements,
but not those of others. Additionally, the RLPFC is involved in motor learning,
such that significant increases in gray matter volume and decreases in fractional
anisotropy were observed in the RLPFC following only two sessions of practice at a
complex whole-body balancing task [40].

Based on these considerations, the self-specific neural processing of body
instability consists mainly of three component processes: (1) a vestibular/
interoceptive process, which is related to detection of vestibular anomalies and to
sympathetic activity as a form of alarm response (the right PBN and posterior
insula), (2) an automatic motor-response preparation process (right IFJ/PMv), in
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which the necessary motor responses are automatically prepared/simulated in the
brain to ensure protection of one’s own body, and (3) a metacognitive process (right
RLPFC) for self-recognition from the third-person perspective view.

5.8 The Selfish Brain Is Critical for Survival

The present third-person perspective paradigm clearly showed the self-specific
brain response to one’s own bodily crisis, irrespective of whether the perspective
was not true for the self. In addition, there were very clear differences in brain
activity, irrespective of the lack of significant differences between the self and
others in subjective feelings about the bodily crisis. These facts suggest that the
Selfish Brain mechanism is inherent to our brains, and it works unconsciously and
automatically to one’s own crisis. In contrast, it is not automatically implemented
for helping other individuals in a bodily crisis. Of course, we can help the indi-
vidual through higher decision processes, depending on the situation. Moreover,
these brain regions, showing self-specific activity, were the internal representation
of one’s own movements and associated interoceptive representations, which are
essential for survival. In fact, this brain activity approximated that which occurs in
response to in vivo experience of body instability (e.g., slipping suddenly and
almost falling down). That is, the right PBN, posterior insula, and IFJ/PMv are
activated during the genuine experience of an unstable bodily state, together with
the right PIVC, which is involved in the degree of body instability estimates.
Furthermore, all of the neural structures showed marked right dominance at both the
cortical (PIVC, IFJ/PMyv, and posterior insula) and brainstem (PBN) levels, with the
latter being directly connected to the vestibular nerve and therefore comprising a

PIVC/TPJ -

Vestibular organ

Right hemisphere

Fig. 5.7 Selfish Brain responding to one’s own bodily crisis. Vestibular information is conveyed
to the PBN which connects bi-directionally with the posterior insula. The insula integrates various
sensory information and interoceptive one. The inferior parietal regions including the PIVC and
the PMV/IFJ process degree of the crisis and generate the necessary defensive motor response
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very primitive neural structure (Fig. 5.7). This right dominance may be based on
lateralization of homeostatic brain structures and functions, which has been evo-
lutionarily driven by a preexisting behavioral and autonomic asymmetry that is
present in all vertebrates [47].
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Chapter 6
Real-Time Kansei Analysis During
Communication Using a Simplified EEG

Tsutomu Sato, Yasue Mitsukura and Tetsuya Toma

Abstract Many recent communication studies show meaningful results using
biometric information measurements, such as body movement with accelerometers.
However, most of them could not describe the reasons subjects showed body
movement due to the lack of measurement abilities in real time. This background
has made researchers expect real-time measurement methods of brain functions
with superior time resolution. In this research, we succeeded in confirming a new
method of communication analysis by using the Kansei Analyzer, a simplified
electroencephalograph (EEG), which measures brain waves in real time to obtain
internal information from a human being. The results of our two experiments show
that it was possible to find quantitative changes when using this instrument. It is
especially noteworthy that the concentration of one subject and the interest of
another were synchronized, thanks to the superior time resolution. Brain wave
measurements with an EEG have illustrated the quality of communication and the
human relationship as constituent elements of communication in real time.

6.1 Introduction

In recent years, many methods for measuring communication have been estab-
lished, and research using this has also produced a lot of results. A Business
Microscope developed by Yano from Hitachi and research using this equipment are
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the examples [1-3]. However, many of them only record human behavior; internal
information, like how human beings felt at that time, has hardly been obtained.
Most studies use questionnaires to obtain such internal information, which is a
posterior emotion, not accessed in real time. On the other hand, Kansei Analyzer, a
simplified electroencephalogram (EEG), was developed as a means to obtain this
internal information. This is not like fMRI and PET; it is so small that the subject’s
burden is not heavy. In this paper, we introduce experiments using this simplified
EEG, Kansei Analyzer.

6.2 Kansei Analyzer

Kansei Analyzer, developed by our team member, Yasue Mitsukura [4], has been
modeled into a headset as shown in Fig. 6.1. An electrode is placed at both the
participant’s left temple and left earlobe, and brain function is detected. This is
converted into a signal and sent via Bluetooth to a tablet device (an iPad in this
experiment). The signals are analyzed, and the emotions (“Kansei”) listed below are
measured on a scale of 1-100.

Like

Interest
Concentration
Calmness
Stress.

75 s of calibration is done before the actual measurements are taken. There is no
point in comparing EEG of different participants, as individual measurements can
vary. By performing a calibration, we measure the brain activity at rest for each
individual and take its maximum value to be 100 and minimum 0. These mea-
surements are taken every second. The data can be saved in.csv format, so they can

Fig. 6.1 Kansei Analyzer
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Question Solution

Fig. 6.2 Question and solution of Question 3 in Experiment B

be analyzed on computers afterward. The reliability of this device has already been
proved [5]. Moreover, many clients have been requesting and using the services
provided by Dentsu Science Jam Inc., which incorporate the use of this device.

The word “Kansei” used in this report has not only been used in Japan but also
used in many academic [6] and corporate settings internationally as well. Below are
the defining criteria set by Akira Harada [7].

. Subjective and impossible to explain the mechanisms

. Innate characteristics and cognitive expression of knowledge and experiences
. Interaction between intuition and intellect

. Ability to intuitively react and judge

. Imagination and creativity of the mind.

| N O R S R

They are all criteria based on the inner workings of a human being, and it is
believed that EEG can contribute to researches that involve them.

6.3 Experiment

In this section, two experiments using the Kansei Analyzer are introduced. By using
the analyzer, we evaluated Kansei during communications between two subjects:

e Experiment A: free conversations
e Experiment B: conversation with an objective of problem-solving.

The specific methods of the experiments and results will be elaborated on in
Table 6.1. The Kansei Analyzer was provided by Dentsu Science Jam Inc. Its use in
this experiment was approved upon ethics review by the Department of Technology
in Keio University (Keio University Faculty of Science and Technology Bioethics
Committee Number 28-68).
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Table 6.1 Details

of Experiment A and Experiment B

T. Sato et al.

Experiment A: free conversation

Experiment B: conversation with an
objective of problem-solving

Demographic Postgraduate students and adults in | Postgraduate students and adults in

of participants | the workforce the workforce

Number of Five pairs, total of ten participants Six pairs, total of 12 participants

participants

Venue Keio University, Hiyoshi Campus Keio University, Hiyoshi Campus

Duration 27 min of free conversation No limits were set for answering

between a pair in a room questions, and the experiment was

continued until they were all
answered. Due to this reason, the
duration of the experiment varied
among pairs. The specific time
duration for each pair is as
mentioned in Table 6.2

Method Subjects were requested to start a In order to determine how much the

conversation. Any special topic
was not given; therefore, subjects
can talk freely

position of two individuals in a
conversation can affect the
communication itself, one individual
from a pair was asked to present the
three questions listed in Table 6.3.
The other individual from the pair
was asked to answer these questions.
These questions were prepared using
the article [8] by Lile Jia et al. as
reference. In order to prevent the
conversation from cutting off due to
the person answering the questions
going into deep thought, the person
asking the questions was requested
to provide clues in order to lead their
partner to the appropriate answers.
This way, continuing
communication was ensured

6.4 Analysis

Below are the observations and analysis based on data collected from Experiments A

and B.

6.4.1 Analysis of Experiment A

Utilizing the time resolution of the Kansei Analyzer to record data every second, it
was observed if there was any synchronization of Kansei values of two individuals
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Table 6.2 Time spent on preparations and solving the questions in Experiment B

Preparation (s) Question 1 (s) Question 2 (s) Question 3 (s)
Pair 1 213 160 170 298
Pair 2 405 253 235 283
Pair 3 551 220 228 301
Pair 4 311 164 345 76
Pair 5 119 285 390 166
Pair 6 323 200 375 106

Table 6.3 Questions and example answers in Experiment B

Text read by the questioner

Example solution

Question
1

A prisoner was attempting to escape
from a tower. He found a rope in his
cell that was half as long enough to
permit him to reach the ground safely.
He divided the rope in half, tied the
two parts together, and escaped. How
could he have done this?

He unraveled the rope lengthwise and
tied the remaining strands together

Question
2

A dealer in antique coins got an offer
to buy a beautiful bronze coin. The
coin had an emperor’s head on one

In 544 B.C. Jesus had not been born,
so a coin from that time would not be
marked “B.C.”

side and the date 544 B.C. stamped on
the other. The dealer examined the
coin, but instead of buying it, he called
the police. Why?

Question Show how you can make the triangle
3 below [see Fig. 6.2] point downward
by moving only three of the circles

within a pair. In Experiment A, the Pearson correlation coefficient during free
conversations was calculated and the combination showing 5% significance was
indicated by P (positive correlation) or N (negative correlation). In Table 6.4,
subjects with odd numbers are labeled ODD and even numbered subjects EVEN.
Nothing has been entered where there was less than 5% significance value.
Throughout all the combinations, there was no correlation with two-thirds or more
pairs with similar significance levels.

6.4.2 Analysis of Experiment B

In Experiment B, there were two roles—the questioners and the respondent. It was
verified whether there was a significant difference between these roles. Firstly, it
was determined, both before and after the questions were asked, what sort of



68 T. Sato et al.

Table 6.4 Significant levels of correlation between the two subjects in free conversation

E"-Like E-Interest E-Concentration E-Calmness E-Stress
OP-Like P¢ NPP N¢ p
O-Interest PPP N PNN
O-Concentration PN NNN PPP P PPN
O-Calmness N N
O-Stress NN NNN NP NP

#E” stands for even-numbered subjects

0 stands for odd-numbered subjects

““P” means the positive correlation of significant value
4«N” means the negative correlation of significant value

Table 6.5 Questioners’ average values before and after the questions started in Experiment-B

Subject ID# Q1 o2 03 04 05 06
Like (before) 51.86 53.65 54.21 56.79 44.38 49.18
Interest (before) 33.42 33.71 44.53 17.64 35.72 24.69
Concentration (before) 32.18 36.31 36.87 34.81 36.26 36.78
Calmness (before) 27.00 29.06 27.26 27.23 30.67 31.48
Stress (before) 23.53 38.49 30.36 41.97 49.38 39.38
Like (after) 54.56 52.54 53.38 56.25 43.51 52.72
Interest (after) 49.33 38.42 46.33 3043 38.15 48.59
Concentration (after) 23.45 41.82 35.58 37.94 38.72 34.62
Calmness (after) 25.78 30.12 28.30 28.81 29.41 29.01
Stress (after) 20.58 30.80 27.05 38.97 36.69 35.55
T}?bllf' 6.6 hRf;lgfh of t—tesft p-value
ZuzZtiglngert :ah:e: Le;(\fegn Like 0.589908836
before and after the questions ~_Interest 0.035698662
started Concentration 0.934982287

Calmness 0.770535604

Stress 0.017631137

changes occurred within the group of questioners and the group of respondents,
respectively. Table 6.5 shows the average values for the questioners before and
after the questions were asked. Using these values, changes in values before and
after the questions are observed. This time, because we are comparing changes
unique to each individual, a paired t-test was conducted on corresponding values.
Table 6.6 shows the results. From this, the following observations can be made:

e Among the questioners group, the “interest” value is significantly higher after
the questions had been asked.

e Among the questioners group, the “stress” value is significantly smaller after the
questions had been asked.
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Table 6.7 Respondents’ average values before and after the questions started in Experiment-B

Subject ID# R1 R2 R3 R4 R5 R6

Like (before) 52.95 54.39 58.04 42.73 48.13 49.45
Interest (before) 31.32 16.31 43.49 25.12 41.13 30.95
Concentration (before) 51.77 60.78 33.49 30.10 36.38 45.39
Calmness (before) 29.11 30.65 29.48 28.35 28.07 27.32
Stress (before) 37.57 38.32 3391 50.85 27.27 36.52
Like (after) 54.63 53.72 60.97 42.76 51.57 49.85
Interest (after) 36.61 28.46 50.26 34.32 46.77 39.74
Concentration (after) 55.36 70.11 35.25 38.37 44.19 42.33
Calmness (after) 29.07 31.57 28.79 27.90 28.42 26.50
Stress (after) 31.56 29.69 31.20 28.92 31.83 29.77

T}?bllf' 6.8 ths.:flt of t—tesft p-value

in ifferen:

(r:ese;‘)zondintt salue: gefvieoen Like 0.112090285

before and after the questions ~ Interest 0.000656876

started Concentration 0.063989798
Calmness 0.680795888
Stress 0.109305498

e Among the questioners group, there was no significant difference in the “like,”
“concentration,” and “calmness” values before and after the questions had been
asked.

Table 6.7 is a list of the average values before and after the questions were
asked, among the respondents group. Using these values as a control, changes in
values before and after the questions were asked are observed. Because we are
comparing changes for each individual, a paired t-test was carried out on corre-
sponding values. Table 6.8 shows the results. From this, the below observations can
be made:

e Among the respondents group, the “interest” value is significantly higher after
the questions had been asked.

e Among the respondents group, there was no significant difference in the “like,”
“concentration,” “calmness,” and “stress” values before and after the questions
had been asked.

Furthermore, for Experiment-B, Table 6.9 shows the Pearson correlation coef-
ficient which was calculated for when the questions were being asked, and the
combination showing 5% significance was indicated by P (positive correlation) or
N (negative correlation). Nothing has been entered where there was less than 5%
significance value. In Table 6.9, from the combinations with significant levels of
correlation, we first looked at the “stress” values of the questioners and the
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Table 6.9 Significant levels of correlation between the questioners and respondents in
Experiment B

Q- Q-Interest | Q-Concentration | Q-Calmness | Q-Stress
Like
R-Like (before) p° PP PP Nd
R-Interest (before) PPN PPP N N P
R-Concentration PPP PNN NNP
(before)
R-Calmness N P
(before)
R-Stress (before) N PNP PN PN PP
R-Like (after) N NP NNNN N N
R-Interest (after) PNN PN N NP
R-Concentration N PNN NPNPP N NP
(after)
R-Calmness (after) N P
R-Stress (after) NN NNN NPN PP PPPNP

#Q” stands for subjects in the questioner roles

b«R” stands for subjects in the respondent roles

““P” means the positive correlation of significant value
4N means the negative correlation of significant value

respondents. Even in pairs where there were no indications of significant correla-
tions before the questions were asked, there were four positive correlations in the
“stress” values after the questions had been started. From this, we can extrapolate
that from the act of asking or answering questions, synchronization of positive
correlation of “stress” values was induced.

Moreover, there was a negative correlation between the “concentration” values
of the questioners and “like” values of the respondents in all pairs (significance of
more than 5% in four pairs out of five, as can be seen in Table 6.9. Figures 6.3 and
6.4 are a pair of an example showing this change. The positive correlation of a pair
which was observed before the questions were started (Fig. 6.3) turned into a
negative correlation after the questions were started (Fig. 6.4). There are no other
correlations as such between any other values in Experiment-B. Just for the sake of
confirmation, the opposite relationship, that is, the correlation between the “like”
values of the questioners and the ‘“concentration” value of the respondents was
observed, but there was none. From this, we can verify that the role clarification of
the questioners and the respondents, by the act of asking and answering questions,
induced the synchronization of the negative correlation of concentration values of
the questioners and the like values of respondents.

The traits mentioned above for each of the Experiments A and B could not be
confirmed in the other experiment; that is, there was no synchronization of “stress”
values in free conversations or unique changes in “concentration” and “like” values
in free conversations, and so on.



6 Real-Time Kansei Analysis During Communication Using a ... 71

R, Linear = 0.061
1004

Al_Like

204

T T T T

T
0 20 40 60 80 100
Q1l_Concentration

Fig. 6.3 A questioner’s “concentration” values and a respondent’s “like” values (before the

questions were started)

1004 R, Linear =0.041

I T T 1
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Fig. 6.4 A questioner’s “concentration” values and a respondent’s “like” values (after the
questions were started)
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6.5 Discussion

As can be seen above, the Kansei Analyzer has been effective in analyzing com-
munication. Its efficacy in elucidating human relationships that were built between
participants was also proven through its contribution to comparing free and
problem-solving conversations and finding unique traits in each of them. We can
see that using the Kansei Analyzer to analyze communication can produce con-
sistent results without creating a significant burden on the participants and, there-
fore, is a more appropriate method than other means that were used previously.

The below conclusion was drawn from experiments wherein the participants had
known each other previously. Therefore, different results may be expected in a
situation wherein they are meeting each other for the first time. In the future, we
would like to experiment with participants who have not been acquainted with each
other from before and compare with the results from this report.

Moreover, we believe that it could be interesting to also measure body move-
ments with acceleration sensors while measuring EEG at the same time, or to study
any relationship between the two, in the future as well.

Furthermore, the real-time nature of the Kansei Analyzer should be more
emphasized. For example, this makes it possible to know from which point in time
the relationship between people has changed. It will be easy to establish useful data
for the construction of human relationships including the workplace and for smooth
organization management, and it can be applied to various businesses.

6.6 Conclusion

In this report, we used Kansei Analyzer, which is a simplified EEG, as a means to
measure internal human emotions during communication. Upon being given the
tasks of asking and answering questions, the “interest” values increased signifi-
cantly and “stress” values decreased significantly for the questioners after the
questions had been asked, whereas only the “interest” values increased significantly
for the respondents.

Moreover, we could also observe, through the time resolution of the Kansei
Analyzer to measure in real time, that the synchronization index varied according to
the contents of the conversations. More specifically, during problem-solving con-
versations, wherein specific roles were provided, positive correlation in “stress”
values were synchronized. There was a synchronization of negative correlation in
the questioners’ “concentration” values and respondents’ “like” values. There was
no remarkable synchronization of the opposite, that is, the questioners’ “like”
values and respondents’ “concentration” values.
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Chapter 7

Development of Ontology Toward
Common Understanding of Human
Sensibilities and Emotions

Keiichi Muramatsu, Tatsunori Matsui and Keiichi Watanuki

Abstract With the ongoing development of information and communications
technology, it is apparent that computers will be indispensable partners in future
human life. In terms of computer information processing, techniques for coordi-
nating human sensitivity and emotional levels are attracting attention and stand in
contrast to conventional knowledge information processing. In this chapter, we
present an overview of content-oriented research considering knowledge itself and
describe an approach to handling knowledge of human sensitivity and emotions
using computers. First, we provide an overview of existing content-oriented studies
in the field of artificial intelligence (AI). Second, we discuss problems regarding the
handling of knowledge of human sensibilities and emotions. Then, we introduce an
ontology pertaining to the concept of color emotion as an approach to under-
standing human sensibilities and emotions. Finally, we describe the applicability of
such an ontology to human—computer interactions and for the understanding of
human nature through the concept of analysis-by-synthesis.

Keywords Ontology - Knowledge sharing - Knowledge management
Human—computer interaction - Sensibilities + Emotions - Color emotion

7.1 Introduction

The development of information and communications technology (ICT) has had a
remarkable effect on modern society. In addition to the widespread distribution of
personal computers and broadband networks, mobile phones equipped with web
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browsers and, in particular, small computers known as “smart phones,” are
becoming widely used by individuals of all generations. These information
infrastructures and terminal devices have changed the consumption and distribution
of media, while providing widespread access to information via the Internet. For
example, the means of transmitting information via mass communication has
evolved from paper-based media such as newspapers or magazines, and broad-
casting media such as television or radio, to Web-based media via the Internet.

The Web is a kind of electromagnetic medium. Therefore, it has multimedia
characteristics that allow various types of information such as digitized characters,
images, sounds, and moving pictures to be combined and processed in a unified
manner. In a paper-based medium, the transmitted content and means of presen-
tation are integrated; however, in electromagnetic media, these items are completely
independent, with the means of presentation being dependent on the user interface
of the access computer. For example, consumers have become familiar with mul-
timodal interfaces, such as voice-based searching using voice input in addition to
conventional keyboard input. Thus, consumers are provided with rich media con-
sumption through “multimedization” and “multimodalization” of communication,
with computer technology as the core.

In addition, computer performance levels have improved dramatically. As
communication increasingly incorporates multimedia and multimodal technology,
users must now decide how to consume the large amounts of information provided
by these media. This is because the number of communication channels and the
amount of information to be transmitted is increasing. Therefore, it is desirable to
develop ICT in a manner commensurate with the natures of individuals, so as to
take full account of the nature of each person receiving information. For example, it
is conceivable that large amounts of information can be summarized and relevant
information only can be presented to users. Further, for a given incidence of
communication, not only text, but also voice and moving images can be conveyed,
which increases the sense of presence. Hence, user emotions may be appropriately
transmitted. Overall, to enhance ICT in the present age, it is necessary to understand
the manner in which human beings manage media, and to understand the knowl-
edge structure and emotions of humans. In other words, the knowledge that allows
humans to behave intelligently and emotionally must be clarified. Development that
can achieve better relationships between human beings and computers is expected
to be realized through information processing of that knowledge.

Computers will be indispensable partners in future human life, as a result of the
development of ICT. In the field of artificial intelligence (AI), research on the
realization of intelligent behaviors similar to those of humans by computers has
been conducted. Coupled with the rapid spread of the Internet, recent research on
knowledge processing has led to the resolution of difficult problems through use of
large data sets, known as “big data.” As a result of the big data trend, the current
emphasis in the field of knowledge processing is on mining for large amounts of
data and similar techniques; however, research on methodology for managing the
data itself is ongoing. In terms of computer information processing, techniques for
coordinating human sensitivity and emotional levels known as “affective
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computing” are attracting attention; these techniques are in contrast to conventional
knowledge information processing.

In this chapter, we present an overview of content-oriented research considering
knowledge itself. Then, we discuss an approach to handling knowledge of human
sensitivity and emotions by computers.

7.2 Content-Oriented Research

Al research can be roughly divided into two types of studies: formal studies ori-
ented on logic (knowledge representation) and reasoning, and content-oriented
studies typified by a knowledge base and ontology. However, in a knowledge-based
expert system, it is very costly to convert expert knowledge into a knowledge
representation and to construct and maintain the knowledge base. This is one reason
why the success of expert systems is said to be limited. The problems afflicting
content-oriented research have been summarized by Mizoguchi [16], as follows:

1. “Basic assumptions of a knowledge-based system are left implicit, which pro-
hibits us from sharing and reusing knowledge.

2. There exists no common knowledge base on top of which we can build another
knowledge base.

3. There is no sophisticated way to accumulate knowledge.”

To overcome these problems, systematization of knowledge and concepts
through an ontological approach has been conducted. In the context of Al, an
ontology is defined as an “explicit specification of a conceptualization [8].” The
knowledge base perspective takes an “ontology as a building block for constructing
artificial systems. It is said to be the basic concept/vocabulary system (theory) to be
used [18].” That is, an ontology is a common basis for knowledge descriptions that
can be understood by both humans and computers. An ontology is generally
divided into two sub-ontologies depending on the knowledge to be described. One
sub-ontology is the domain ontology, which describes the knowledge of the target
area, whereas the other is the task ontology that describes the knowledge of the
processes [16]. Existing examples of domain ontologies include an ontology per-
taining to disease in the medical field [29] and an ontology pertaining to teaching
and learning theory in the field of education [10]. An example of a task ontology is
the ontology of an oil refining plant reported by Mizoguchi et al. [20]. In these
examples, the ontology provides specifications for modeling real problems by
clarifying the conceptualization of the target world.

It is difficult to form logical expressions for items such as the attributes of
physical objects that appeal to the human mind, which have not been examined on a
long-term basis in research on conventional knowledge information processing.
Affective computing or “Kansei information processing” is a research field that
attempts to capture and control such information. The word Kansei is a Japanese
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concept that means mental functions including sensitivity, sensibility, emotion, and
intuition. This research field is an interdisciplinary one incorporating both psy-
chology and informatics that attempts to computerize human sensibility by bor-
rowing methods to measure subjective responses previously developed in the field
of psychology. It is expected that machine sensibility, that is, artificial Kansei, will
be realized by an information processing system that solves problems or supports
their resolution in situations where human sensibility is exerted, such as product
design. When this artificial Kansei system performs some kind of problem-solving
or support task, it is expected to employ a domain model contained within the
system, which will model items in the target area either explicitly or implicitly. In
order to clarify such a domain model, a methodology for domain analysis and
modeling has been developed in the field of software engineering. Domain analysis
contributes to organization and reuse of the knowledge of domains handled by the
system. Further, domain models specialized for the target domain can be obtained
by specializing general models.

The domain analysis and modeling approach is an attempt to systematize the
reuse of knowledge in system development; however, a problem remains regarding
the nature of the knowledge itself used to construct the system. That is, the domain
model represents some item in the real world. When the analysis and modeling
process is applied to individual target areas, an independent domain model can be
obtained for each process. Therefore, it is difficult to develop a consistent foun-
dation for the manner in which each domain model is obtained by specializing
general models.

Thus, we must consider model sharing at the level of the concept that defines
knowledge in the domain model of the target domain. The ontology, which is the
conceptual basis of knowledge, can play a role in providing the specifications of
such a domain model. One example of this approach is the construction of an
engineering domain ontology for a domain model [11]. This domain ontology
describes the concept of the spatial structure and temporal behavior that define the
domain model of the physical world. For example, physical relationships and
functional systems, such as the manner in which the components of an electric
circuit and an electrical connection are connected, are spatial structures. The tem-
poral behavior corresponds to the changes in the physical quantities of these
components. Construction of such a conceptual basis may make it possible to
describe and manage domain models related to problem-solving or support for
engineering actions, such as design and fault diagnosis, in a unified manner.

7.3 Problems Regarding the Handling of Knowledge
of Human Sensibilities and Emotions

A review of the history of mankind reveals human beings attempting to enrich their
lives while modifying their environment. In this sense, as regards the development
of media in information society, computers have come to be indispensable not only
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as a tool, but also as part of the environment. To further enhance human quality of
life, it is considered necessary for a good relationship to be established between
human beings and computers. That is, future development will establish a way for
humans and computers to coexist. Here, the achievement of harmonious coexis-
tence between humans and computers is expected to involve exploitation of the
advantages of both human beings and computers, with their respective shortcom-
ings being overcome. With regard to the human cognitive attitude toward media, as
stated in the book The Media Equation [26], humans make specific types of contact
with computers. Therefore, to establish a good relationship between humans and
computers, ongoing technological development adapted to human characteristics is
considered desirable.

Among the current efforts in Al research, possible directions for future tech-
nological development include (1) concrete emphasis of the content of knowledge
itself in knowledge information processing, and (2) management of human emo-
tions as Kansei information processing. The former aims to accumulate knowledge
of human beings that can be handled by computers, with a conceptual basis
common to humans and computers being constructed as a result. For example, if the
basic technology related to conversion, summarization, and integration of media is
realized by an ontology, the associated computer can be expected to communicate
based on an “understanding” of human knowledge. The aim of the latter devel-
opmental direction is to computerize human intuitive mental work, which is not
considered in the context of conventional knowledge information processing, and to
handle this information using computers. Hence, it is thought that computers will be
able to “understand” human sensibility or Kansei in communications. This will be
the first step toward the coexistence of human beings and computers in society, i.e.,
the establishment of a better relationship between humans and computers on the
basis of “understanding” by computers.

Here, the concept of “understanding” by a computer has two meanings. One is
the apparent meaning, where a person situated before a computer seems to be
“understood” by the computer. The second meaning is the case where computers
“understand” humans exactly, in the manner in which humans understand other
people. These two meanings correspond to the standpoints of weak and strong Al,
respectively. To meet this goal, computers are not necessarily required to be
equivalent to humans, as it is only necessary to aim for the first definition of
“understanding.” However, even if we do not adopt a strong Al position, the
manner in which humans can understand their own sensibilities or Kansei must be
clarified to facilitate the future development of technology in accordance with the
nature of human beings. At present, insufficient relevant knowledge has been
acquired in the fields of cognitive science and psychology to elucidate this aspect of
human beings. Therefore, the current problem concerns realization of “under-
standing” of human knowledge and sensibility by a computer from a weak Al
standpoint.

Both knowledge information processing and Kansei information processing
have the same purpose in the same engineering field, in the sense of attempting to
realize human minds for computers. In addition, cognitive science and psychology



80 K. Muramatsu et al.

(a component of cognitive science), which are approaching engineering, are fields
of science attempting to elucidate the human mind. In the broad sense of Al
research that encompasses the fields of engineering and science and aims to
understand essence through making, so-called analysis-by-synthesis is used as a
thought process to elucidate human intelligence and Kansei. The concept of
analysis-by-synthesis is derived from the cyclic model by Neisser [23] that explains
perception through bottom-up and top-down processes and is regarded as a method
of determining parameters by sequential approximation in visual or auditory
modeling. This concept is applicable to both knowledge information processing and
Kansei information processing. It is useful for elucidating and realizing the human
mind, including intelligence and Kansei. Note that agreement on approaches to
understanding the workings of the mind known as Kansei is difficult to achieve,
even in the fields of informatics and psychology, and the obtained findings are not
systematically positioned. Realization of artificial Kansei through Kansei infor-
mation processing and, also, elucidation of human Kansei in psychology must be
promoted mutually. By unifying the knowledge associated with both of these areas
in a consistent manner, a desirable research approach based on the concept of
analysis-by-synthesis can be established.

7.4 Understanding Sensibilities and Emotions Through
Content-Oriented Approach

In order for computers to “understand” human beings, a research approach to
elucidate human Kansei by creating artificial Kansei on a computer must be
established. If we apply the concept of analysis-by-synthesis to Al research in the
fields of science related to Kansei information processing (mainly psychology) first,
we will begin to construct hypothetical artificial Kansei based on previously
obtained knowledge. It is thought that knowledge of the intrinsic properties of
human Kansei can be obtained by comparing artificial Kansei with actual human
Kansei.

In order to compare artificial and human Kansei, it is necessary to consistently
describe knowledge acquired in the engineering and scientific fields related to
Kansei information processing, so as to establish a foundation. That is, if the
modules and parameters of artificial Kansei and the knowledge constituting the
artificial Kansei itself are described in a unified manner, the degree to which the
artificial Kansei can reproduce the functions of human Kansei will become clear.
Therefore, the proposal of a content-oriented approach to systematically unifying
the knowledge handled in the related fields has been set as a research purpose, in
order to understand human Kansei and to compose artificial Kansei. The knowledge
used to construct artificial Kansei can be regarded as a domain model that is
explicitly or implicitly assumed in engineering and scientific fields. The domain
model in Kansei information processing handles the mental world regarded as the
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interior of the human mind in addition to the physical world, similar to the engi-
neering domain ontology [11] described above.

In order to uniformly describe the domain model in the fields of engineering and
science related to Kansei information processing, it is necessary to construct a
conceptual basis for cross-cutting knowledge utilizing informatics and psychology.
One of the problems here is that the methods used to acquire sensibility in those
research fields differ. These differences seem to originate from different concep-
tualizations of the human mind; thus, it is necessary to set a viewpoint that allows
researchers to obtain a common understanding. It is difficult to cover all specific
research subjects related to the field of informatics and psychology in order to
establish a reasonable approach to handling the mental world by analyzing the
target area. Therefore, in this chapter, we examine the knowledge (domain model)
and concept (ontology) that form the specification by limiting the objects described
as knowledge. Although the problem targeted here is to develop methods for
computers to understand humans, we do not necessarily aim to clarify knowledge
and concepts for all research subjects in informatics and psychology. By limiting
the specific research subjects, we aim to show that the content-oriented approach is
useful for human understanding.

In this chapter, we focus on the concept of color emotion, which is a kind of
esthetic sensibility to color, and set it as a target area in order to grasp the behavior
of human Kansei. In addition to esthetics, the concept of esthetic sensibility has also
been adopted as a subject of research in the field of psychology, and it is felt that the
workings of the human mind can be determined with a broad perspective in this
regard. In addition, vision research is more widespread than that for the other
senses, especially with regard to color perception and cognition, and understanding
of these behaviors is progressing through various models of the optic nerve and
brain region. In addition to the perception and cognition of color appearance,
considerable research on feelings and emotions has been reported, in which the
impressions stimulated by colors have been examined. As the results of experiments
on color emotion are often represented by statistical models and are applied to Al
systems based on those models, color emotion is considered to be a suitable topic
for this discussion.

Color emotions are referred to as “emotional responses to color stimulus” and
are of considerable interest in color science. Color emotions include emotional
evaluations such as comfort and discomfort as well as impressions of the appear-
ance of color. Therefore, they can be regarded as esthetic sensibilities when the
evaluation target is limited to color. Color emotions are determined through sub-
jective measurement using rating scales and questionnaire items, and the relation-
ships with lightness, saturation, and hue have been well discussed [6, 24]. In
addition, a design support system that predicts color emotions based on such col-
orimetric quantities has been developed [25].

The knowledge of color science required to construct artificial Kansei is often
stated to be data on subjective evaluations and colorimetry, along with a statistical
model of the relationship between them. These descriptions of data and models are
used for understanding and support of color emotions by computers. Therefore, in
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order to construct an artificial Kansei of color emotions, a conceptual basis must be
constructed by conceptualizing the concept of data description and model repre-
sentation; this is a domain model. However, it is necessary to collect and organize
knowledge (instances) for concept systematization, as there are many unknown
points on the dimensions that capture the structures of color emotions.

Studies of color emotions roughly divide the results into two dimensions; such as
“comfortable, uncomfortable,” and “good, bad,” belong to the evaluative dimen-
sion, and such as “warm, cold,” “bright, dark,” and “soft, hard” belong to the
descriptive dimension [6]. With respect to the descriptive dimension of a single
color, three factors corresponding to L*, C*, and & in the CIELCh color space have
been extracted from a factor analysis of ratings obtained from subjects in seven
different countries and regions [7]. However, with regard to the evaluation
dimension of color emotions, large cultural and individual differences exist; thus,
the relationship to descriptive dimensions has not been clarified. In addition, the
dimension concerning the emotional state has been investigated [27, 28] as an
alternative approach to that used for the previous evaluation and descriptive
dimensions. Few studies on the dimensions of emotional states treated as one of the
color emotions have been reported, however, and the relationship between the
emotional state dimension and the color attribute has not been clarified sufficiently.
Therefore, in order to organize domain models in color science, it is necessary to
distinguish descriptive and evaluation dimensions of color emotions, along with
emotional state dimensions, and to clarify the respective data descriptions and
model representations.

7.5 Issues Affecting Ontology Construction

Research trends on ontology concerning feelings and emotions include investiga-
tions of tactile senses to provide a common vocabulary for system development,
along with construction of a conceptual model for the process through which
emotions manifest [14, 22]. However, these ontologies are exhaustive classifica-
tions of individual concepts that are basically expressed in a formal manner on a
computer. That is, a conceptual model that enables description of the content that
human beings feel in a specific context has not been achieved. As regards
ontologies pertaining to aspects other than sensitivity and emotion, they mainly aid
the conceptualization of items that exist prior to human perception, and the results
experienced by humans, such as psychological reactions in the form of feelings and
emotions, have not been examined. Previous related studies [14, 22] have explored
a conceptual model only of the physiological response through which sensations
and emotions manifest. Therefore, a new attempt to model the structure of psy-
chological reactions expressing the content of the human mind, which should be in
the form of an ontology, is necessary.

In this discussion, data descriptions such as the rating value for a subjective
evaluation and a colorimetric value are regarded as knowledge (instance model),
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and the concept of the mental attitude on which the knowledge is premised cor-
responds to the ontology. By constructing this ontology, it is possible to clarify the
specifications that can be used to represent the mental world (which cannot be
directly observed) as a domain model. In color science, data on rating scales and
colorimetric values are measured or quantified through a predetermined procedure.
Therefore, when constructing an ontology, the task is to describe the nature of items
related to color emotions as data. In other words, regarding the data description of a
rating value, the point of discussion is how to express and treat the mental content
arising in the case of an esthetic experience as a numerical value. The colorimetric
values are called psychophysical quantities which are defined by color matching
functions and the amount of radiation, whereas the rating values are called psy-
chological quantities. Therefore, regarding the data description of colorimetric
values, the problem to be overcome is their definition in terms of both psycho-
logical and psychophysical quantities.

7.6 Example of Ontology Construction

This section presents an example of an ontology that was constructed by the authors
in a previous study [21]. This ontology pertains to emotional responses to color
stimuli, which are referred to as color emotions as explained above. To specify the
concepts related to color emotions, this ontology defines attributes of awareness on
the basis of a top-level ontology. This is essential for the handling of knowledge of
human sensitivity and emotions by computers.

7.6.1 Method of Ontological Development

Ontological engineering is one of the methodologies that supports the systematic
description of knowledge. From the knowledge-based viewpoint, an “ontology is
defined as a theory (system) of concepts/vocabulary used as building blocks of an
information processing system” [25]. In the Hozo ontology development environ-
ment [12], each node represents a basic concept and possesses slots that represent
part-of or attribute-of relations (Fig. 7.1). Hozo supports the description of role
concepts, which represent a role depending on the content of each basic concept.
For example, a teacher role is played by a human in a school context only, and he
does not play that role outside of school. In other words, every slot has a role under
the basic concept implying a context. In the context, the class of instances that can
play roles is defined by a class constraint and is called a role holder [13]. In this
way, the role concepts permit distinction between concepts under different contexts.
Inherited role holders and class constraints imported from other ontologies are
represented as shown in Fig. 7.1.
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A top-level ontology known as “Yet Another More Advanced Top-level
Ontology” (YAMATO) has been constructed on the basis of the role concept theory
[19]. The top hierarchy of the YAMATO is shown in Fig. 7.2. In the YAMATO
framework, the aspects of an entity are classified into three classes: physical,
abstract, and semi-abstract. While instances of the physical class require 3D space
and time to exist, instances of the abstract class require neither. Instances of the
semi-abstract class require only time to exist, and this class contains mind, repre-
sentation, content, and the representation form. That is, representations such as
novels, poems, paintings, music, and symbols are distinguished from their propo-
sition and the actual form of representation [17]. The representation class (Fig. 7.2)
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is further divided into primitive and composite representation, and a part-of slot is
used for these divisions to indicate the component role played by a given repre-
sentation. Further, the representation has part-of slots that indicate the content role
played by the proposition and the form role played by the representation form. The
proposition is also divided into two subclasses: representation-primary and
representation-secondary. Both of these proposition classes necessarily depend on
the representations that represent them. However, instances of the
representation-secondary class, such as facts, data, and thoughts, indicate original
content before their representation. For example, a fact exists as an event before the
human recognition that expresses that event as a representation. In this sense,
human recognitions including sensations and perceptions belong to the
representation-secondary class.

The main features of YAMATO are definitions of qualities and quantities,
representations of them, and descriptions of interrelationships among them in other
top-level ontologies. Attributes of entities are represented as qualities that take
quality values. Quality values are divided into the categorical and quantity classes
which contain qualitative and quantitative quantities, respectively. Further, quality
is divided into properties and generic qualities. A property is an abstraction of a
generic quality taking a quality value, while a generic quality is further subdivided
into intrinsic and accidental generic qualities. A basic generic quality, which con-
tains quantitative and qualitative generic qualities, is a subclass of the intrinsic
generic quality. For example, the quality of a color is defined as a subclass of the
quantitative generic quality and takes a frequency quantity as the quality value,
which is defined under the quantitative quantity. On the other hand, the name of a
color, e.g., red or blue, is defined as a subclass of the categorical class.
In YAMATO, representations of qualities and quantities are defined as transfor-
mations of a real quality into a representation through an action for measurement.
The measurement has a part of slot that indicates the resultant role played by the
primitive representation. The quality measurement is defined as a role holder cor-
responding to a proposition in a content role subslot of the result role slot. Data
obtained through empirical measurements that represent measured values are nec-
essarily approximations, and qualities (values) that represent true values are inde-
pendent of any measurements. Therefore, representations of quality (value) itself
must be clearly distinct from representations of measured qualities (values) obtained
through empirical measurements [15]. For this reason, YAMATO provides a
concept of data as a proposition under the representation-secondary class.

7.6.2 Qualities and Quantities Related to Color Emotion

7.6.2.1 States and Actions Related to Awareness

According to Baru$s [1], consciousness is defined as a fully subjective awareness
characterized by intentionality, along with the explicit knowledge of one’s situation,
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mental states, or actions evidenced behaviorally. This definition indicates two types
of consciousness; subjective and behavioral. Thoughts, feelings, and sensations that
manifest in persons are classed as subjective awareness, and the awareness
expressed through one’s behaviors is regarded as behavioral awareness [2]. That is,
in objective research considering awareness, behavioral consciousness is defined as
operationalization of the subjective consciousness.

In YAMATO, these two types of awareness can be specified using the external
state and actor state action. Figure 7.3 shows the state of being aware and
awareness-focused action. The state of being aware is defined as a subclass of the
“external state” in YAMATO. Objects of awareness are represented by of-what role
holders, corresponding to a physical or semi-abstract class. Further, the action is
defined as a subclass of the “actor state action” in YAMATO and is composed of
doer, object, and result slots. The doer role is played by a human and its “middle
state” is specialized as the “being aware” state. The of-what role is played by the
“object of awareness,” which is a role holder in the object slot, and they are linked
by a “same as” link. The doer’s awareness can be observed only when it is
explicitly expressed. Therefore, the “content of awareness” is defined as the role
holder of a content role under the result slot and is linked to the object of con-
sciousness by a “depend-on” link.

7.6.2.2 Attributes of Awareness

The definitions of the object of awareness and content of awareness allow attributes
recognized by humans to be distinguished from YAMATO’s qualities and quality
values. Color attributes such as lightness, chroma, and hue are regarded as psy-
chological quantities that only exist in human awareness. Figure 7.4 shows qualities
and quality values for awareness. Each is defined for a subclass of qualities and
quality values in YAMATO. The class constraint of the “on what” slot inherited
from each parent is an object of awareness. One of the referring-to role in the
“quality on awareness” is played by the quantitative perceptual quality value and



7 Development of Ontology Toward Common Understanding ... 87

perceptual quality valug | - | primitive quantity |
e -

-_5ub component

pio 1., Tl
qualitative perceptual quality value P quantity
valug of <= lity value on awareness§value of

#unipolar perceptual quality | #bipolar perceplual quality

afo 1

— -
=q uahpe“*’er..-re rring to referring to <<guality on awareness§refening to
| o