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1

The Emergence of Kansei Engineering

1.1 Developing a Product That Is Valuable for Consumers

Like the roll of waves, our economy booms and busts alternately. When times
are good, consumers will be in the spending mood(and buy products. It is
during bad times that the value of a product is tegted.

There is something in a good product that/eaptures people’s interest. A
good product is more appealing to consumersin terms of its price as well
as its function, shape, and color. It is adproduct that represents consumers’
needs and has Kansei incorporated into it, Such products will sell even dur-
ing bad times.

Some consumers’ needs and Kansei do change with time, and some do
not. Currently, consumers’ Kansei is products that have valuable content, which
means good products that arelcomparatively inexpensive. First of all, what does
the word valuable or goodymhean’? It means that the product is made from the
consumers’ point of viewland to please the consumers. There are products
that have been developed based on a company’s perspective, which assumes
that people will buy the product because they think it is convenient or reli-
able. Surprisingly, the company does not really understand the consumers’
viewpoint, and this causes those products to fail in the market and appear to
be disappointing. Developing products that get into the deep layer of what
consumers actually want will enable good products and valuable products
to be supplied into the market.

What does undervalue mean? It is not merely that the price is low. Most
Japanese consider themselves middle-class and above. Additionally, due to
the rapid increase in the standard of living during the last decade or so, and
the optimistic mood of the bubble economy, the Japanese are imbued with a
feeling of “classiness.” Since this feeling does not diminish, they will not buy
products that do not support their high standards of living. The Japanese
have grown up with the sense that they live a life that makes a clear distinc-
tion between things that do not really need quality and things that require
good functionality. Even though a product is good, if it has too many unnec-
essary functions, it won't capture the attention of today’s consumers. Also,
it does not mean that a product is good if it is inexpensive. The consumer’s

1



2 Innovations of Kansei Engineering

sentiment is, “I will buy the product if it is good and the price is reasonable
for its quality.” What is good, and what is undervalue? These are the two impor-
tant issues for those who will be involved in future product development.

There are two directions in product development. One is the product-out
concept, and the other is the market-in concept. The gist of product-out is
that a company proactively produces and sells products they consider good,
while for market-in, the idea is to develop products from the viewpoint of
the market, that is, the consumers.

There were days when companies had substantially grown with the
product-out concept, but those were the days when consumers did not have
enough knowledge, and they were often naive when choosing products.
Since then, many companies have attempted various ways to shift from the
product-out concept to the market-in concept. However, they were not able to
be objective in market-in product development, until today

Nowadays, consumers’ cabinets are flooded with geods=There is no more
space to cram in new goods. Consumers themselveshavebecome a great deal
smarter. They have developed to a point where they eonsider such things as
what makes them look beautiful, what improvesytheir individual character,
and how a product enhances the value oflife, If'ftiture product development
does not strategize the market-in conceptf consumers will turn their backs
on it.

We incorporate Kansei to win over.consumers. We used to hear the term
user friendly. In recent years, the terms consumer-centered or human-centered
have emerged. In the years te.come, Japan will face a tremendous challenge
due to its aging society.lt’s,a known statistic that, in the near future, one
out of four persons will be aver 65 years old. Development of products that
are easy to use and appreeciated by people, including the elderly, is human-
centered product'devélopment. Human friendly is a term that describes this. In
the future, environmental or similar problems will also be related to product
development. The trend of product development that carefully considers the
well-being of humankind and harmoniousness with the entire world and
the environment will become focal.

1.2 The Emergence of Kansei Engineering

Kansei engineering is a technology that unites Kansei (feelings and emotions)
with the engineering discipline. It is a field in which the development of
products that bring happiness and satisfaction to humans is performed
technologically, by analyzing human emotions and incorporating them into
product design.

Sometime around 1970, I visited manufacturing companies regularly.
I could see that people were being encouraged more and more to make
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purchases due to the healthy economy, and companies responded with mass
production of goods. However, I foresaw that people would stop buying
when their cabinets became overfilled. If this happened, perhaps only the
good product, that is, the good-quality product, would win over consum-
ers. However, since the good-quality products are long lasting, the market
flow would then become slow. Then, it crossed my mind that perhaps only
the products that consider people’s feelings, that is, the products that people
really want and desire, will sell. Then, there will be an era when products
are made to express one’s personality. Thus began the Kansei era, in 1970,
followed by Kansei engineering research.

The flow of the emergence of Kansei engineering is shown in Figure 1.1.
The left column of the figure shows the consumer’s desire, while the right
column shows the corresponding activity at a company. Companies must
develop products that correspond to the change in peopl lings and emo-
tions in order to survive. They should employ a pro elopment strat-
egy that anticipates people’s feelings and emotion eKansei era emerged
about 20 years after I first started to ponder it, an@ predicted to continue
indefinitely. Maybe it will continue forever, ps it is more reasonable
to think that the form of Kansei expressi r&l change in accordance with
the changing times.

Let’s say we name the product that was¥produced using Kansei engineer-
ing technology the Kansei produ:%a Kansei product is not an expensive
product or a high-end product. Itis”also not something that emphasizes

good looks, appearance, or s he Kansei product refers to that which can
actualize the needs and ns, considering functions and shapes, and
“No i ; Product Development
“Good” Product Good Quality Establishment
Desired Product Needs Quality Establishment
“Unique” Product Kansei Quality Establishment
Consumer’s Desire Producer’s Activity
FIGURE 1.1

The concepts underlying the emergence of Kansei engineering.
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11’s wonderful when you
develop just-the-right-
Kansei product!

O
Kansei Engineering is,Q
FIGURE 1.2 &@

The purpose of Kansei engineering. %
also whether the consumer would, want“hat product and what the prod-
uct offers.

For example, we can realize the uct that elicits Kansei simplicity in a
video tape recorder (VTR) that has buttons that are clearly visible and makes
recording easy, or a telephone that does not have complicated functions but
enables the user to perfo ecessary functions easily (Figure 1.2).

In implementing Kan$ei engineering, it is important to investigate the
people’s Kansei sei information is properly collected and ana-
lyzed, it can then%be translated into a technical design. Even in the engi-
neering field, there are cases where new technology will be required in
order to actualize Kansei. In such cases, many patents and models of new
techniques will appear. Product development that utilizes Kansei engi-
neering will not only produce diverse products that are friendly to people
but also be an impetus for new technology development. In this sense,
we could also say that Kansei engineering is a new technology in the
new era.

1.3 What Is Kansei?

Before we consider the main subject of Kansei engineering, let me first
explain the principles of Kansei.

According to the Shin meikai Japanese dictionary by Kindaichi Kyosuke
et al, Kansei is “intuitive mental action of the person who feels some sort
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of impression from an external stimulus.” In the psychological definition,
Kansei refers to the state of mind where knowledge, emotion, and passion are
harmonized; “people with rich Kansei” are full of emotion and passion, and
able to react adaptively and sensitively to anything.

The term Kansei used in Kansei engineering refers to an organized state of
mind in which emotions and images are held in the mind toward physical
objects such as products or the environment. For example, concepts such as
luxurious, elegant, flashy, and young, as in “that product is a bit luxurious
and elegant,” or “those clothes are flashy and young looking,” are all Kansei
impressions of products. The term Kansei used in Kansei engineering in
most cases takes the form of an adjective, but it may also be a noun, as well
as foreign words written in katakana.

However, since Kansei is all about the image held in-one’s mind, it is
therefore expressed using various media, such as ‘words) facial expres-
sions, or drawings in order to make others understand, 1t is still unknown
whether the expression itself matches the image i the other person’s
mind. This is an issue to be considered. From ‘the beginning, the diffi-
culties in measuring something like Kanseil hdve been apparent, since
it deals with a person’s mental attribfites."We ask people to express an
image using common, everyday words, There is no English word that
translates exactly the meaning of Kansei. If it still has to be translated,
psychological feeling can be used. However, since this term causes more
confusion, today the original Japanese word—Kansei—is used. Likewise,
we use the term Kansei engineering in English. Sometimes in Kansei engi-
neering, people are asked\to"express their Kansei in words upon seeing
products, or regarding products they want to buy in the future or prod-
ucts that are no#yet dvailable. These are called Kansei words.

In Kansei engineering, some Kansei terms reflect the times and do change
occasionally, such as trend-related Kansei, while others virtually do not
change at all, such as fundamental Kansei (colors, etc.). Additionally, cul-
tural differences among countries cause differences in the Kansei itself,
and some Kansei are similar and yet still different in the expressed Kansei
words. Careful attention is required when applying Kansei engineering in
this matter.

1.4 Kansei Is Something Comprehensive

When you say, “It is an elegant dress,” upon seeing someone’s garment, you
feel a Kansei of elegant as your impression of the whole dress. However, when
we talk about fashion design, the impressions for one-piece and a suit will be
different. Furthermore, type of collar, number of buttons, and pocket design
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will give different impressions. For skirts, depending on what types they are
and even the material used, the overall implied Kansei will be different.

When we think of an article of clothing, we can imagine the breakdown of its
elements (or parts) such as (1) overall style, (2) upper piece type, (3) collar style,
(@) numbers and position of buttons, (5) pocket design, (6) type and length of
skirt, and so forth. The composition of these elements will elicit certain Kansei.
A slight difference in buttons will generate different Kansei. Different numbers
of pleats in a skirt will elicit different Kansei. Much Kansei exists even within the
elements themselves, and each individual element affects the overall Kansei.

Besides being an overall or comprehensive impression, the elements of
Kansei are the subject of Kansei as well. Therefore, in performing product
development using Kansei engineering technology, the following procedure
is necessary:

*
1. Break down the design into separate elements. \%
2. Interpret the Kansei of each element. ()
3. Design the overall product. Q

It is important to grasp in advance '&f the dozens of elements are
having a great influence on the overall Kansei, and then to pay attention to
those elements and incorporate t into the product design. This is illus-
trated in Figure 1.3. i%’

Let’s say, when we break down the elements of product A, we identified

elements a, through a;; a statistical analysis of those elements, we
found that a;and a, great t certain Kansei. This is called degree of con-
tribution. This means,4 er to incorporate the specific Kansei in product

A, we should im the elements a;and a; into its design.

FIGURE 1.3
Kansei is something like the right figure, the element as a whole with indistinct boundaries,
rather than the left figure, a mosaic of elements.
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1.5 Good Product Evokes Humans’ Kansei

Good product refers to a product that is designed to matched the hidden
Kansei signature of the consumers. When consumers find such a product,
they will be very impressed and feel, “Wow, what a great product!”

If 60-70% of the Kansei product matches with the consumers” Kansei, and
the balance of 30—40% of the Kansei is in the realm of something new and
excellent, the consumer will become very impressed and believe that it is an
excellent product. Of course, this will be a motive for buying. The 60-70%
of Kansei can be analyzed in a Kansei engineering study, and the remaining
30-40% will depend on the creativity of designers and research and develop-
ment (R&D) personnel. This kind of percentage is important. For example,
even if the product matches 80-90% of the consumers! Kansei but could not
elicit a feeling of novelty or creativity in the consumer\it will be perceived
as a clichéd product. Conversely, if the portion that matthes the consumers’
Kansei is 10-20%, and the balance of 80-90% is the result of creativity from
R&D, it will be perceived as a future-orientéd/product, which consumers
do not want to have around. Concept cars‘er cestumes that appear quirky
belong to this category of products.

Product R&D personnel must keep their sights on the product develop-
ment that evokes consumers” emotions.,In order to do that, they must strat-
egize to concentrate on grasping theweontent of the consumers’ Kansei at the
current moment.

However, they should%ot forget that a product that evokes consumers’
emotions also lifts consumers’ Kansei to the next level. Consumers will
develop a kind of Kanseijintelligence as they come into contact with the
product, and thedKangeilevel will develop. Therefore, the next level of prod-
uct development must tune in to the increased Kansei level. Otherwise, the
product will fail to evoke consumers’ increased Kansei, and the new product
will disappear from the market. In this sense, product development is ulti-
mately a kind of battle to improve consumers” Kansei level.

Good product development means developing a product that evokes con-
sumers’ Kansei. Also, this makes consumers somehow attuned to the Kansei
and causes improvement in their level of Kansei. We need to be careful not to
forget this, because forgetting may cause failure in the strategy to continuously
evoke consumers’ Kansei in the next product development after a market suc-
cess, thus causing the product to disappear completely from the market.

There is another general rule related to evoking consumers’ Kansei. In
the discipline of psychology we have the Weber-Fechner law. As shown
in Figure 1.4, making the vertical axis the Kansei increment and the hori-
zontal axis the stimulus increment, in order to increase the same value of
Kansei increment, AK, while the stimulus is small, increasing it at almost
the same portion will result in an increase of AK. However, when the Kansei
level becomes higher and stimulus is not increased, we will not get the AK
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Relation between stimulus (device) and Kansei increment.

*
of Kansei increment. In other words, between Kan 'N:’énd stimulus (S),
there is a logarithmic relation, as described in the ng:

K=ClogS(Cisaco

This is the Weber-Fechner law.

In the field of Kansei engineering, this can be described as follows. Let’s say
we have product B. It can be a televi or a refrigerator or whatever you wish
to imagine. I want to raise the Kanse of product B one rank higher, which
is AK, to impress consumers and thus contribute to sales. So, let’s assume that
I'have increased the stimulu S, to S; and achieved the target. This means
that I have added a few s or made it look nicer. Of course, since the
development costs havesincreased as well, the price will be higher.

After a few years, nt to increase AK of Kansei for the same product
and evoke the &s n again, we have to make an even greater effort than
last time to increase the stimulus from S; to S,, and throw extra investment
into development. If we want to differentiate the Kansei point of high-end
television, such as Gao or Teio, from conventional televisions, we have to
produce big Gao or big Teio, otherwise consumers will not be impressed.

I hope you understand how complicated it is. After some time, a phenom-
enon occurs: consumers turn away from the product. It is not an easy task to
develop Kansei products that impress consumers all the way since they will
soon learn and become smarter. We should not forget the Weber-Fechner
law. It also works in the product’s Kansei.

1.6 Corresponding Development and Sales in Kansei

If we look at previous bestsellers, we will have a better understanding of
the consumers’ Kansei, and incorporating it into a product will make it sell



The Emergence of Kansei Engineering 9

well. For example, Sharp’s camera-type VIR LCD ViewCam is a product that
made the company’s VTR share jump from only a few percentage points to
20%. This was the result of extensive analysis of consumers” four dimen-
sions of pleasures: shooting pleasure, watching pleasure, face-to-face plea-
sure, and the pleasure of playing on the spot. The results of the analysis were
then incorporated into the product’s design technology.

What I want to emphasize here is that if we only focus on matching con-
sumers’ Kansei in the development of the product itself without correspond-
ingly considering the point of sales, we will fail, even though we produce
a good product. For example, when the homemade bread machine first
launched, all the newspaper promotions that it would surely become a hot
seller tremendously helped sales. This is because the product had incorpo-
rated the consumers’” Kansei of gourmet consciousness and premium feeling,
and consumers could then bake delicious breads at ‘hom@.)However, after
a while, the sales suddenly stopped. Upon investigdtiorhof the root cause,
companies found that, since the flour was sold at/€lectrical appliance stores
and was packed into unattractive boxes, thisycontradicted the product’s
image of stylish housewives, making them resistant to buying. Consumers’
Kansei had been effectively utilized ingthe,product development but not to
the distribution point. On the other handj{the product was selling well in the
United States.

Asahi Beer has achieved great succéss with its Super Dry line because
Kansei has been utilized correspondingly in both product development and
sales. R&D personnel focusedVon developing a new beer. They sensed that
the Kansei of consumersitasteswere robust and crisp and confirmed this with
a survey of 5000 consufnets. Since the two tastes contradict each other, it was
very difficult to actualize the product. However, the brewers perfected a skill
that smartly uses‘yeasts related to each taste to accomplish the Super Dry.

Before that, Asahi Beer’s market share was as low as 8.9%—at the rock-
bottom level—and it was promoting a company-wide corporate identity
(CI) movement for a revival. To achieve that, they had launched a new
product campaign all over Japan, starting simultaneously from Sapporo
and Kagoshima. At that time, their general employees banded together and
focused their efforts on sales. A CI committee member suggested that if they
buy all of the old Asahi beers from vending machines around the city, the
new product will reach consumers faster. So, the employees hunted all the old
Asahi beers on Saturdays and Sundays. As a result, the general consumers
got a taste of Super Dry earlier than they otherwise would have, and there
they outshone all other companies. Perhaps the only drawback was that the
employees also consumed the old beers they had bought!

It is necessary to take corresponding actions in Kansei implementa-
tion between the product development point and the sales (marketing)
point. Automakers were the first to implement Kansei engineering inten-
sively. Even though they have come out with excellent products based on
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Kansei, it is uncertain whether the car dealers are practicing sales activities
correspondingly. When customers are looking at a new product and they
show interest in a certain part, if the salesperson can explain how the R&D
personnel made an effort to include Kansei in that aspect, it will touch the
hearts of consumers (Figure 1.5).

The Sales Record of Asahi Super Dry

(The line graph is of accumulated quantity)

60

(Million Bottles)

87 87 88 '88 ’89 ’89 ’90 1% Half Jan—Jun
18t ond 15t ond 18t ond 15t 27 Half Jul-Dec
Half Half Half Half Half Half Half

FIGURE 1.5
Volume of sales extended because sales activity is corresponding with Kansei product.
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Kansei Engineering Type 11
Application Cases

5.1 HULIS

HULIS, short for human living system, was the first Kansei engineering sys-
tem. Until its introduction, I saw many conflicts\getWeen homeowners and
builders. For example, the wallpaper that the dwner’had in mind, based on a
small sample, was totally different fromthé&actwal wallpaper provided. The
architect did not really make an effort tg flfill the owner’s desire. I created
a system that translates the consumer’s (0wner’s) Kansei to a house design.
That is HULIS.

There are a few concepts in HULIS#AInstead of beginning the house design
with a room arrangement, HUIS begins by asking the consumer what kind
of living he or she imagifiespand then creates a design that can actualize the
imagination. It is based on the notion that room arrangement constitutes the
output of a lifestyle.

HULIS is made up,)0f seven elements: (1) appearance, (2) structure,
(3) entrance, (4) Japanese-style room, (5) Western-style room, (6) kitchen,
(7) bathroom. The owner will begin with the appearance: “What kind of
house do you want to live in?” If the image in mind is, “I want to live in a
house with a gorgeous and tough appearance, and my budget is XX,” then
we input the Kansei words gorgeous and fough. HULIS has rules and a data-
base for appearance, so it will generate the inference mechanism and display
a graphic inferred from these Kansei words.

HULIS will then proceed to the entrance design: “How do you want the
entrance to look?” If the answer is a fough and massive entrance, the HULIS
computer will display an image of an entrance that looks tough. This continues
through the last element, the bathroom. After the image for each home element
is input using words, the overall house design is determined (Figure 5.1).

This Kansei engineering system (HULIS) will be a powerful weapon for
an interior designer. Normally, a customer who wants to build a house has an
image of what kind of house he wants to live in. HULIS is a system that can
demonstrate the image realistically. By providing the HULIS result to the con-
tractor, we are able to realize a result that satisfies all three parties—the user,

85
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The output image (color) of bathroom from HU

FIGURE 5.1 < &

the architect, and the interior desi ho acts as the middle man. Actually,
HULIS is a boon to the interior designer, who acts as an intermediary, taking
care of the customer’s image afid influencing its realization (Figure 5.2).

If HULIS is developed 40 the following functions, it could become
the second version, HUL

1. It will perfi n@n erted shadow calculation based on data of the
land map&\ by the customer and its surroundings, using soft-
ware loaded into the computer. The land map is scanned, and the
area will be automatically read. Next, based on the inverted shadow
calculation rules (artificial intelligence), which are embedded into the

computer, the system will calculate the effective three-dimensional
space within which the house can be built.

verfp

2. Input the budget that the customer can allocate for the whole proj-
ect. This will directly affect the quality of the building or available
options.

3. The customer will be asked to talk about his lifestyle. The keywords
are picked up and input into the system. For instance, “We are a
family of four: my wife, our high school-age son, and our junior high
school-age daughter, and me. My wife is also working in a company,
and both of us are at the management level, so sometimes we come
home a bit late. Saturday nights, we usually go out for dinner, but
every one or two months we invite friends to come over for dinner
and karaoke...”



Kansei Engineering Type 11 Application Cases 87

We are offering a design

Is it really going that best fits the customer’s
to be like this? lifestyle.
FIGURE 5.2

Illustration of the use of HULIS.

From their living styles, anfitral income, and family structure,
based on the embedded drtificial intelligence rules, the system will
infer how many rooms™agewneeded for the children and how many
rooms are needed qverall; how the rooms should be arranged, how
the entrance and guest room should be, how big the bathroom should
be, and many dthter,elements. The computer will propose a building
structure Such as’the arrangement of rooms that matches the cus-
tomer’s lifestyle, and it will explain the reason as well. The customer
will get a few proposals, and the proposals can be amended at the
customer’s request.

4. Back to HULIS, input images related to each room such as appear-
ance, structure, entrance, ]apanese-style room, Western-style room,
kitchen, bathroom, and so on. The size and interior of each room will
be inferred and determined using the Kansei engineering technique.

5. Consider the budget, perform the overall inference, display in color
the architectural drawings (three views), room arrangement, and the
Kansei of each room, together with the budget.

6. The cost calculation and detailed construction drawings will be
printed, but of course these are not for the customer to see.

The customer will bring home the three-dimensional drawings generated in
Step 5 and the family will discuss the contents. If everything is to the fam-
ily’s liking, the family will place an order.
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By utilizing the inference using artificial intelligence, HULIS-II has bilat-
eral merits allowing it to propose a design that can realize the lifestyle
desired by the family, the family can have further discussions right away,
and the family is able to participate in the design process.

Part of HULIS-II has been used by a construction firm, and it has been
highly praised. We can get much more interesting results if we combine this
Kansei engineering system with virtual reality. I will touch on this later.

5.2 FAIMS

FAIMS (fashion image system) is a computer system thdtarses Kansei engi-
neering to decide the dress for female university studetits, as explained
in Chapter 4. It is embedded with a database ofsallsseason suits and one-
piece outfits for female students. When the Kansei*words describing the
dress female students want is input, the clothesjthat suit their images will
be displayed.

First, the computer will ask, “What intage of dress do you want?” The user
will input the words, like cute dresssor intellectual dress. FAIMS will perform
the inference by utilizing the Kansei-words database and knowledge data-
base, and then display the finalized"dress design.

The computer will extract50,types of dress design in one shot for the first
word, but it will only show the highest-scoring option. If the user thinks the
design does not fit her imagey she can view other options, one after another—
the second highest, #he third, and so forth through the 50th. She can also
change certain parts that do not suit her taste.

FAIMS can be expanded to the higher scale FAIMS-II. When we performed
biometric measurement to 51 items of a dress using about 400 female uni-
versity students, we found that all the measured values can be reproduced
with three body measurements: height, chest, and iliac crest angle. By using
these measured values, we can classify the female university students’ body
shapes into 10 types. In other words, we found that with three body meas-
urements we can determine the body shape, and Kansei engineering can be
applied to each shape as needed. We are able to create the image of tall and
cute or medium-built and cute designs using Kansei engineering.

In FAIMS-II:

1. Height, chest, and iliac crest angle are measured. The computer will
infer the person’s body shape and turn it into an image.

2. The image of the desired dress is input using words. The computer
will utilize the database and infer the dress that is logical to the
Kansei word.
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3. The inference result in Step 2 is fitted to the body shape inferred in
Step 1.

4. The derived Kansei engineering graphic is displayed on the monitor
and then verified as to whether it fits the customer’s image. Partial
alteration can be done on the computer.

5. If the customer is satisfied, FAIMS-II will output the pattern that
matches the person’s body shape and the desired image. The rest is
just producing the actual dress.

FAIMS-II has been constructed only up to the step of identifying body shape
and designing using the image. Integrating these two parts still remains an
issue.

5.3 Entrance Door Kansei Engineering System

We have codeveloped the Kansei engineering system for entrance door
design with Tateyama Aluminum Industry Co., Ltd. The objectives are to
provide front doors that can satisfi§f customers who look for aluminum sash
doors by asking them to express thé/Kansei that they have, and to build
a support system that enablessthe R&D personnel to perform new product
development appropriately @nd éfficiently.

According to Kansei enginéering procedures, the process started with
extracting Kansei words xelated to the aluminum sash door. The market-
ing staff and designersicogperated in extracting the words. After extracting
quite a large numbers'ef Kansei words, we held a discussion with the design-
ers. This resulted in"narrowing it down to 40 pairs of Kansei words.

The next step was collecting door samples, including the sash doors of
other makers. We ensured that various designs were included, and we col-
lected 82 slides of sash doors. We showed the slides to interior coordinators
and the staff designers, a total of 77 people, and asked them to perform an
evaluation using the aforementioned 40 pairs of Kansei words.

Among the identified basic shapes of aluminum sash door are those shown
in Table 5.1. Additional considerations are the door’s color and many other
detailed characteristics. Table 5.2 shows some of them arranged into item/
category related to 82 types of doors. The results of Kansei evaluation for
each door were analyzed using quantification theory Type I, and then stored
in a database for the Kansei engineering system.

The system structure for the entrance door Kansei engineering system
(EDKES) is shown in Figure 5.3. Basically, it is almost the same as HULIS and
FAIMS. The difference is the design database expresses the Kansei words
database with HULIS, images database with FAIMS, and doors graphics
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TABLE 5.1

Examples of Item/Category for Aluminum Sash Door
1. Frame type (1) Single door (2) Double door (3) Double panel (4) Double leaf
2. Fanlight (1) Door fanlight or Frame fanlight (2) No fanlight
3. Lattice (1) Horizontal (2) Vertical (3) Crossed (4) No lattice
4. Door structure (1) Top curve (2) Door curve (3) Top point (4) Flush (5) Others
5. Muntin (1) No muntin (2) One piece (3) Two pieces (4) Three or more pieces
6. Glazing bar (1) No glazing bar (2) One piece (3) Two pieces (4) Many pieces
7. Cross rail (1) Have (2) Don’t have
8. Double cross rail (1) Have (2) Don’t have
9. Clove (1) Downward clove (2) Upward clove (3) Don’t have

TABLE 5.2 \6

Part of the Item/Category for Aluminum Sash of Entran€

Item | Category Sample
26127|28(29(30|31|32(33[34|35|36|37|3 1424344454647484950
Single Door [ ] [ 2K} [ ] [ ] Y. [ ] [ ] [ ]
Frame | pouble Door | @ [ ] o | / [ ] [ ] [ ] [ J [ J
Type Double Panel [ 2K J [ ] [}
Double Leaf o - [ J
No Fanlight | @ oleojo| [ofeieie]| (o] (o] |0 ole| [o]e
Fanlight |Door Fanlight o0 A\ "4 [ ] [ ] o [ ]
Frame Fanlight * [ ] [ 2K J
White M o o]0 e |o
Door Grey [ ] 1 [ ] [ ]
Color Black T ° ) °
Pastel [ d
Brownish [ ] ‘ [ ] [ ] [ J [ JLJK ]
No Lattice | @ [ I 2K J o000 0O o000 00O O o o
Horizontal
Lattice |Horiz. & Vert. [ ] [ J [ J
Crossed
Others [ ) [ ]
TopRail (@ |@|@ o [ JKJ @ (J ® o000 0
Top Curve [ ] o [ ] [ ]
Door Door Curve
Structure Top Point °
F-oblong — [ ] [ J L ~
i N B —

with EDKES. When the Kansei word for the desired door is input to the
EDKES that has been built up to process it, an image of the inferred door will
be displayed on the computer.

EDKES can be set up and used in a marketing office, where a customer can
use it to visualize the desired door. By putting together the assembly parts,
we can set up the desired door that he wished for, giving the customer a sense
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FIGURE 5.3
System structure for EKDES.

record the Kansei words ch
in enhancing the develo
Another interesting

y the customers. This input will be helpful
rocess of entrance doors in the future.
it about EDKES is that, by giving a specific Kansei
word and the inf n the doors’ item/category, which is the attribute
of the design, & ner, a totally new product can be produced. In one
example, the attribuites (design elements) of an entrance door for the Kansei
simple door were as follows:

1. Door structure—Vertically long flush
2. Frame type—Single door
3. Door color—Gray

4. Muntin—Two pieces

The designer used this information and a short while later produced a
drawing. After experimenting with many other Kansei words, we got many
new door designs. A subsequent interview with the designer revealed that
if they get this kind of information, they don’t have to take the trouble to
think about so many things. While visualizing the Kansei word’s image, the
door design attributes pop up in a designer’s head with almost no effort.
The designers proved that such an approach is a very effective development
technique.
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5.4 Kansei Engineering System for Car Interior

Many types of software have been developed in Kansei engineering. Another
kind of extraordinary application is in passenger car design, for which we
have developed a few Kansei engineering systems that are being utilized.
KEES-D (Kansei engineering expert system-D), which [ am going to describe
here, is a design support system tailored for car interior design.

I have mentioned that Kansei engineering is a technology that translates
Kansei words like elegant, beautiful, luxurious, and so on to product design,
and I have explained the application in detail. What I am going to explain
now refers to car interiors, but it is more specific to spacious feeling, relaxed
feeling, tightness feeling, narrowness feeling, and the like—the kind of comfort
related to the size of the interior. In this sense, it is a little,bit different in
terms of characteristics compared with the Kansei that IFhave mentioned
previously.

There is a constraint to the size of a car. A designean be praised as good
if it can psychologically give the sense of spicious’to the driver and other
passengers even with a size constraint/For, cars that provide satisfaction
through speed, like a sports car, a goodsdesign is one that can make the
traits of a sports car be felt more strongly by creating a sense of narrow-
ness rather than spacious. Howeveg.in order to materialize the Kansei such
as spacious feeling into the design, wesheed to know the interior factors that
contribute to the spacious feeling, This can be discovered using Kansei engi-
neering. Furthermore, bfautilizing the result, it is also possible to build a
computer system that can realize or diagnose the spacious feeling. KEES-D
is a Kansei engineerjing system that was researched and developed for these
two objectives.

We started with'he initial objective, which was to analyze the Kansei of a
car interior. The research began with the extraction of Kansei words. A few
hundred words were collected, and with the help of designers as car profes-
sionals, 100 adjectives that are logical to use to describe a car interior Kansei
were selected and given their respective antonyms so that they could be used
in the form of the SD scale. We prepared a 5-level rating scale (Figure 5.4).

Next, since the target was small-sized passenger cars, we prepared 20
small-sized cars with 1000-1500 cc engines, and had them evaluated using
the aforementioned 100 Kansei words on the SD scale. The evaluators were
individuals involved in car manufacturing, with a total of 41 persons of both
genders. This is how we got the Kansei data for the small-sized car interior.

On the other hand, regarding the car design, we promoted the design
elements identification process—what has been referred to as the item/
category classification process. The car designers must put a lot of effort into
this process. Therefore, we briefed them in advance about Kansei viewpoints
and how to determine the item/category. This is the most important point
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A car is not just a tool... a human It's nice
really expects a lot! if it runs

quietly
Is it powerful? ( 1 want it to be spacious )
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one that has the
sweet interior
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~ I prefer the
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FIGURE 5.4
Car Kansei engineering.

in Kansei engineering. If there is aymistake in controlling how people clas-
sify the thing they see, we wen't ‘get a good result during the statistical
calculation. In this research, sye\obtained 224 types of item/category for the
car interior design.

The computer architecturéof KEES-D was built as in Figure 5.5. This Kansei
engineering system dtself*has software that analyzes quantification theory
Type I and a cheCkerhat performs a dependency check before the analysis.
These points are findamentally different from the existing Kansei engineer-
ing systems. The dependency check means all the items are checked to see if
they can be handled independently or not (i.e., if overlapping occurs at some
points between items, it is called dependency), and if statistical analysis is
possible or not.

First, we applied the quantification theory Type I to the design evalua-
tion result using the 100 Kansei words to grasp the relativity between the
image and item/category. By checking the data, we confirmed that spacious
feeling, relaxed feeling, tightness feeling, and narrowness feeling relate greatly to
the interior dimension. Hence, we extracted only the data related to these
four Kansei phrases and the interior dimension data, and then constructed a
database system as in Figure 5.5.

A designer who wants to examine the spacious feeling of a small-sized pas-
senger car using only the interior dimensions will sit down in front of a com-
puter with KEES-D installed and run the KEES-D. Initially, the KEES-D will
show a display and ask the designer to input the dimensions. In this example,
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Schematic diagram of KEES-D. &

pillar) and W 20 (the ontal width from the eye to the car’s center line),
and the predeter i‘&' ensions are input. Next, a few diagrams will be
displayed one e, and dimensions are input for each diagram.

When all the inputs are completed, the KEES-D statistic processor, as
shown in Figure 5.5, will execute. First, it will perform the dependency
check, then recall the experiment data and perform quantification theory
Type I (Figure 5.6). After the specified process is performed, based on rules
defined in the inference section, the spacious feeling will be evaluated using
the input dimensions.

In this case, the score for spacious feeling is 65 points, while the score for
tightness feeling is 63 points. This tells us that the interior dimensions give a
certain degree of feeling for both spaciousness and tightness. The KEES-D
also has a description feature that explains how it gets the score.

they are XL 38 (the distax the driver’s eye to the bottom end of the left
1
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Virtual Kansei Engineering:
Kansei Engineering Type IV

L]

*
7.1 What Is Virtual Reality? \%
We often see the term virtual reality in newspap magazines. Virtual
reality refers to a computer-generated virtual that is very close to real-
ity, and simulated experiences that closely res the real world.

Computer hardware has evolved tre ly and become a lot less expen-
sive. This has made possible the creatiod of the three-dimensional virtual
world, and the virtual, simulated %}en e in computers. In virtual reality,

we are able to act freely of our ow , and this is basically different from

dreams that are beyond our coitrol.
The easiest way to demo an example of virtual reality is with the

flight simulator for pilot . The outside world visible to the pilot is the
approximate image of ay and other items that are created using com-
puter graphics, a W e will respond to the operational changes in the
cockpit. With &) lex operation of hydraulic devices, gravity changes
that are similar to‘ehanges in reality are applied to the cockpit to give the
feeling of takeoff and landing. All these are being controlled from a com-
puter. With the flight simulator, which has been developed using state-of-
the-art technologies, there is an advantage of being able to greatly reduce the
number of field trainings. In fact, quite a big portion of pilot training is now
done using the simulator.

The main reason simulators are used for pilot trainings is that aircraft
are an expensive commodity, and accidents caused by inexperienced pilots
might result in heavy losses, including human lives. Another reason is that
besides being able to simulate the rule-based flight using computers, train-
ing for emergency situations is also made possible by simulating emergency
circumstances.

Why is virtual reality good? Compared with actually creating a real object
or situation, creating it as a computer image is cheaper. On top of that, since
these are computer images, there are no repair and maintenance costs. Also,

107
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Even though it is only a simulated
experience in a virtval world, this
sensation is really exciting!

N,
N
{\Q

Q@

Virtual reality and Kansei engineering.

using computer technology a walk-through of the actual situation.

In the virtual reality any companies are involved in developing
hardware and software, ‘which include a computer to handle images and
software, an HMD@ mounted display) to show three-dimensional

h

by utilizing the simulated expgrie , the human experience of a situation

images in front,of t er’s eyes, data gloves to hold or to operate the items
in the images, and¥a tool for image creation (Figure 7.1).

Basically, the graphics created using a tool for computer graphics are alter-
nately projected to the left and right displays of the HMD in a slightly shifted
form. Users can blend into the image, which is in a three-dimensional space,
and with hand movements over the data glove, simulated experiences such as
catching something or turning on a faucet in the virtual world are possible.

7.2 Virtual Kansei Engineering

Virtual Kansei engineering is a technology that integrates virtual reality and
Kansei engineering. Hiroshima University and Matsushita Electric Works
Ltd. (MEW) did joint research to develop virtual Kansei engineering as a
new technology—the first in the world to combine virtual reality and Kansei
engineering.
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The virtual Kansei engineering that we developed is a system that pro-
vides products that can satisfy customers’ needs in purchasing a MEW cus-
tom kitchen. First, the customers will describe the lifestyle they dream of.
Keywords from the description will be input into the virtual Kansei engineer-
ing system. Next, they will be asked to describe the image of the kitchen they
want in the form of phrases like elegant, a bit luxurious, and a convenient kitchen.
Kansei words from this phrase will be input into the system. Automatically,
the picture of a custom kitchen close to the image described will be displayed
on the computer. If customers are roughly satisfied with that, they will step
into the virtual reality, put on the HMD and data glove, and enter the custom
kitchen that the computer has selected based on the Kansei. Customers can
then examine the kitchen by trying to cook, touching appliances with their
hands, and turning on the faucet using the data glove. Customers also check
the locations of the cupboards, dishwasher, and so on tQ,their satisfaction.
Anything unsatisfactory can be amended in the computer.

When a customer is fully satisfied, the design,dtawing of the custom
kitchen will be output and transmitted to the MEW factory. The factory
already has its manufacturing system equippedywith computer-integrated
manufacturing, so the drawing will bg’ifieorporated into the production
plan, and within one to two weeks’ tinte,the product will be manufactured
and delivered to the customer. Inthis manner, the custom kitchen, which
is based on the customer’s Kanseiyand has been virtually experienced by
the customer to his or her satisfactior, is manufactured in a short time and
will give full customer satisfaetion. The particular objective of virtual Kansei
engineering to develop preducts aimed at customer satisfaction through cus-
tomer participation. In MEW, this is called the ViVA system.

7.3 Custom Kitchen Kansei Engineering

The outline of custom kitchen Kansei engineering is as follows.

7.3.1 Computer Memory Content

The first thing that the computer system must know is the customer’s kitchen
area. The kitchen layout is input in the computer: length and width; position
of pillars, doors, and windows; the style of kitchen space; and so on. The
computer will separately store in memory the sink, dishwasher, cabinets,
and so forth as components.

7.3.2 Selecting Kitchen Style

The customer describes his desired lifestyle in terms of the kitchen. The key-
words identified from the description are arranged and inferred based on
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the rules acquired from experienced kitchen designers, and the style of the
custom kitchen is selected. In the rules that the designers have, the kitchen
layout is almost completely determined by the income, age, cultural charac-
teristics, and other characteristics of the customer, such as lifestyle. The per-
son’s lifestyle especially has a high correlation to the kitchen layout. These
kinds of rules are embedded into the knowledge base.

In the next step, the customer describes the image (Kansei) that he has
regarding the kitchen. This image will determine the design style of the
kitchen. Additionally, the cupboard design, cabinets, wallpaper, and color
are also determined.

7.3.3 Virtual Reality

When the computer has determined the design of the ¢ustom kitchen, the
images are sent to the virtual reality system. By putting oh the HMD and
the data glove, customers can blend into the computér image. They can
move around freely in the system, touch the desitedareas, turn on the fau-
cet located at the sink to run water, and check the height of the countertop
beside the sink by doing some cutting. They'can‘éven open the upper cabinet
doors to confirm the cabinet height.

With virtual Kansei engineering, by virtually experiencing everything
inside the simulation of our own ‘ithage, we can confirm the compatibility
of our own Kansei product andgits usability by direct experience. It is a tech-
nology in which the customesxs‘participate in the design process to directly
achieve their own satisfagtipn./Such a system that realizes customer satis-
faction in combination withyvirtual reality will probably become standard
in future product development.

MEW has recently developed a system where the whole family can share
and enjoy the virtual reality. In conventional virtual reality, the simulated
experience was not possible without putting on the HMD and data glove.
Therefore, only one person at a time could experience it. However, for cases
that involve the whole family, like custom kitchen and house design, the
design satisfaction through the participation of all members is essential.
Based on this point of view, MEW has developed a system that enables many
people to participate in one virtual reality. This technology can genuinely be
called a participatory design system.

7.4 The Evolution of Virtual Kansei Engineering

Virtual Kansei engineering is being positioned as Kansei engineering
Type IV. I can imagine how this new technology can be applied and how



Virtual Kansei Engineering 111

it will evolve in various industries. The following applications and evolu-
tions are considerations.

7.4.1 Fields Where Trial Products Are Either Expensive
or Require a Long Design Time

The original intention of using virtual reality was to try an actual simulation
on a computer to study its competency. It is about building a virtual world
such as outer space, an ocean bed, a body’s interior, or a town that is going to be
designed and built, and examining various issues inside those virtual worlds.

In the field of Kansei engineering, it would be very expensive to actually
build a house and conduct testing and studies. Additionally, it is not easy
to modify something on an actual building. However, building images in a
computer is possible if we are willing to invest some time”As described ear-
lier, since we can execute our own actions, such as opehingwand closing a door
in the virtual world, it is worthwhile to consider yiftual’reality technology.

House design, custom kitchens, and otherssmentioned earlier are fields
that could utilize this technology in the futuré. From our viewpoint, since
we have already completed the HULIS #or housing, it won't be that difficult.
Additionally, this technology can also befutilized for passenger car exterior
and interior design.

The R&D personnel could go into tHe virtual world, open a car door, settle
into the seat, and check the interior design by touching the steering wheel,
audio equipment, and sq ox, Or eéven check the speed and maneuverability
by actually turning on the'engine. All these capabilities could be realized in
the near future.

Virtual Kanseiengifieering is also expected to be used in town planning
or landscape désign, as well as in examining the exterior and interior design
of buildings.

7.4.2 Customer Decision-Making

As something that provides a realistic sensory experience in addition to the
existing Kansei engineering, virtual Kansei engineering can be utilized as a
decision support system to assist customers in product selection.

For example, we could upgrade the FAIMS and develop a Kansei engineer-
ing system for a three-dimensional view of fashion. Then, we could input the
customer’s Kansei to enable the system to display the corresponding image.
Another camera could be used to recognize the characteristics of a customer’s
face. The system could perform biometric calculations, and the customer could
put on a dress newly designed according to her image. She can see herself in
a three-dimensional space. Any actions she takes would appear in the virtual
world. An appearance check can be performed by using this technique as well.
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The system that will be described here is not an authentic virtual reality,
but we can still use it. For a passenger car, the exterior and interior images
could be loaded into a laptop computer, and the salesperson could bring
the computer to the customer’s home and show the images to all the family
members. Using the walk-through technique, they can view the appearance
and interior of the cars. This is a tool that can be used in decision-making.

From this point of view, it is possible to build a system to display virtual
reality in a portable computer by using Kansei engineering. In the near
future, perhaps it will be a trend for salespeople to carry laptop comput-
ers loaded with databases. At each customer’s home, the salesman would
identify the customer’s Kansei and input them into the computer. Images
would then be displayed, and the customer would be asked to walk through
the images and confirm the product. I can imagine such a scenario, and I
believe that this one, too, will be realized in the near futdres

7.4.3 Education and Training

In the operation of large-scale systems like chefnical’plants and power plants,
a network of advanced systems such as artificialintelligence is set up to help
control the system in serving its purpose.#lowever, the operations are being
performed by humans, who are sometimes unable to keep pace with tech-
nology. Thus, there is a risk of human\error. The effects of such error could
be massive due to the size of the plant.

When we studied the causes of human error, we found that there are two
big factors involved in htumans: One is the human’s cognition problem, and
the other is the emotion problem. As for the former, the larger the scale of the
system, the more knewlédge and skill required for operation. This cannot
be fully covered{with specialized training. The possibility of encountering
unusual situationsyduring training is minimal. The hidden portion is huge,
and this leads to human error due to lack of cognition.

For the latter, emotion, the system is even strengthened intellectually by
including artificial intelligence, as the operators are still human. The sud-
den change of situation would affect the emotion of the operator, causing an
emotionally stressed operator to perform incorrect operations, resulting in a
human error.

Either way, cognition and emotion are the two primary sources of human
error, especially in a large-scale system. In considering these two points in
Kansei engineering, and by combining them with virtual reality technology;,
itis possible to utilize virtual Kansei engineering in developing human error
prevention training. This Kansei engineering technique can also be utilized
as a diagnosis system for human error occurrence by incorporating it into
the large-scale system.

We conducted joint research with a power company for utilizing virtual
Kansei engineering for nuclear power plant operating system training. We
built an expert system on the emergency procedure guides, and in that
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system we included a human model that can differentiate and recognize
human error occurrences as either cognition or emotion. On the other hand,
for virtual reality, in order to enable the power plant operation, we built a
three-dimensional panel using images, and the operators can virtually touch
the panel.

Then, we simulate an abnormal situation, and the operator will perform
the appropriate operation. The human model based on Kansei engineering
will analyze the movement and guide the operator to take the appropriate
action. Whenever necessary, the reactor condition and auxiliary equipment
condition are shown as images in a window to enhance the operator’s under-
standing. In this manner, it is possible to give the operators training that
combines the operation and the simulation of an actual situation. Kansei
engineering is one kind of human model, and it is also possible to use it as
an education and training model. .
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