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Abstract

This paper presents a software aimed at making
easier the design of customized products in accor-
dance with consumers’ expectations. It is based on
a user-centered design methodology which combines
techniques provided by Kansei Engineering, Sen-
sory Analysis, and Soft Computing. Consumers’
expectations are naturally expressed in the form of
vague assessments related to human perceptions.
Soft Computing techniques, namely Fuzzy Logic,
can assist both Sensory Analysis and Kansei Engi-
neering in the design and customization of products
because of: (1) their suitability for computing with
perceptions, and (2) their ability to tackle with im-
precision and uncertainty in system identification.
The utility of the software has been illustrated with
a case study related to gin packaging.

Keywords: Computing with Perceptions, Sensory
Analysis, Kansei Engineering, Soft Computing,
Fuzzy Logic

1. Introduction

Nowadays, market differences in price and function-
ality among most alternatives (products/services)
become almost negligible. Notice that finding out
the magic formula to successfully fit the market de-
mands is not straightforward. In fact, many new
products fail because consumers’ desires and needs
are not clearly identified in advance [1].
The challenge resides in capturing and dealing

properly with the imprecision and uncertainty in-
herent to consumers’ opinions with respect to their
satisfaction level according to tangible and intan-
gible issues which characterize the product/service
under consideration.

Alonso et al. [2] proposed to face this challenge
through the combination of techniques provided
by Kansei Engineering [3], Sensory Analysis [4],
and Soft Computing [5]. They presented a gen-
eral framework for improving the success rate of in-
troducing new products/services into market. It is
based on a novel methodology which includes four

main iterative stages: (1) Prototype design; (2) Ex-
perimental setup; (3) Sensory evaluation; and (4)
Intelligent data analysis. As a result, it allows to
uncover and formalize the opinions of groups of peo-
ple in order to guide the whole design process with
the aim of minimizing the risks of failure associated
to the launch of new products/services.

This paper refines the previous framework and
presents a new software toolbox which implements
it. The new software can be used in a wide variety of
scenarios: food industry (tasting panels, consumer
tests, and so on), industrial design, marketing, etc.

We have validated the utility of the new software
in a practical case of use. The goal is the definition
of a new packaging for a gin brand. First of all, we
identified the main insights (Femininity and Orig-
inality) that should guide the design process pay-
ing attention to how they influence the whole busi-
ness. To do so, we built a system dynamics model
which related the main influential variables (Price,
Quality, Production Costs, and so on) and potential
insights (Glamour, British Personality, Femininity,
Exclusiveness, Originality, etc.) given by the client
specifications. Then, we set up a fuzzy web-poll, i.e.
a fuzzy rating scale-based questionnaire [6] accessi-
ble online which is made up of a set of fuzzy ques-
tions with the expected responses to be expressed
in fuzzy rating scales, with the aim of uncovering
how consumers assess the selected insights for most
commercial gin bottles. Then, we applied the fuzzy
modeling methodology called HILK (abbreviation
of Highly Interpretable Linguistic Knowledge) [7]
in order to build fuzzy rule-based models which ex-
plain consumers’ assessments. As a result, we gen-
erated two fuzzy regressors which replicate the way
how consumers assessed femininity and originality
of the gin bottles considered in the web-poll. Thus,
those fuzzy regression models are able to automat-
ically assess new prototypes of gin bottles, with-
out requiring asking directly to a panel of assessors
what make us save time and money. Finally, the
best prototype in simulation was again evaluated
and validated in another web-poll. That way, we
confirmed the goodness of evaluations given by our
fuzzy regression models.

16th World Congress of the International Fuzzy Systems Association (IFSA) 
9th Conference of the European Society for Fuzzy Logic and Technology (EUSFLAT) 

© 2015. The authors - Published by Atlantis Press 659



The rest of the manuscript is organized as fol-
lows. Section 2 introduces some preliminary con-
cepts regarding Kansei Engineering, Sensory Anal-
ysis, and Soft Computing. Section 3 goes in depth
with our proposal. Firstly, subsection 3.1 sketches
the methodological framework. Secondly, subsec-
tion 3.2 presents the developed software. Thirdly,
subsection 3.3 describes a case study which illus-
trates the main benefits coming out from our pro-
posal. Finally, some conclusions and future work
are pointed out in Section 4.

2. Preliminary Concepts

2.1. Kansei Engineering

The Japanese word kansei is a complex term not
straightforward translated into English. Anyway, it
is possible to give an informal translation referring
to a kind of psychological thinking/feeling with deep
roots in the Japanese culture [8].
Kansei Engineering aims at designing prod-

ucts/services that consumers will enjoy and will be
satisfied with. To do so, human feelings and emo-
tions (subjective consumer insights or kanseis) be-
come the key issues which guide the design pro-
cess [9, 10]. Thus, Kansei Engineering establishes
a framework to formalize what consumers are ex-
pected to sense when they were exposed to new
products or services [3, 9, 11].
Human perceptions are defined by intrinsic and

extrinsic attributes regarding human senses (sight,
smell, taste, touch and hearing). In addition, hu-
man cognition is strongly influenced by personal
background (context, mood, etc.). Human pleas-
antness depends on what people experience (Per-
ceptions) and what people expect (Cognitions). In
order to find out correlations between perceptions
and cognitions, Kansei Engineering defines several
design stages, among them we would like to high-
light: (1) Selecting the right kanseis, i.e. the right
insights to guide the product design; (2) selecting
a pool of samples representative enough to be as-
sessed by a panel of consumers properly chosen; (3)
selecting the right statistical tests; and (4) following
an iterative design based on prototypes which are
sequentially evaluated and validated by the panel.

Nowadays, Kansei Engineering is known all over
the world, being satisfactory applied to design prod-
ucts for different industries such as automotive [12],
food [13] or furniture [14]. Lately, the emphasis is
on the interaction with complementary methodolo-
gies and technologies [15].

2.2. Sensory Analysis

Sensory sciences [4] apply principles of experimental
design and statistical analysis aimed at finding out
consumers’ likes and dislikes [16] in the evaluation
of products/services [17]. Sensory data coming from

human senses can be translated into valuable infor-
mation for companies in order to supplement what
they believe to know about consumer behavior [18].

The goal is to increase the knowledge about con-
sumers’ needs and expectations with the aim of pre-
dicting consumer responses to new products or ser-
vices. To do so, sensory evaluation is carried out by
panels of human assessors in charge of testing prod-
ucts before they are introduced into market [19].

In practice, we can distinguish between effective
and affective evaluation. On the one hand, effective
evaluation is related to somehow objective insights
coming from panels of trained experts who are able
to replicate their evaluations [17]. Of course, human
perceptions are always subjective but expert panels
are expected to yield almost the same assessments
given close products or services. On the other hand,
affective evaluation is also known as consumer test-
ing because it deals with consumer opinions about
the evaluated products/services [20]. It is usually
carried out by untrained panels and therefore drawn
conclusions result subjective.

2.3. Soft Computing

The term Soft Computing was coined in the 1990’s
by L. A. Zadeh [5]. Soft Computing comprises a
family of complementary techniques (Fuzzy Logic,
Neuro-computing, Probabilistic Reasoning, Evolu-
tionary Computation, etc.) that cope with impreci-
sion and uncertainty, being able to solve lots of com-
plex real-world problems for which classical tech-
niques cannot give accurate results [21].

Namely, fuzzy sets and systems [22] are well-
known world-wide because of their ability for lin-
guistic concept modeling [23, 24]. They can formal-
ize, in an approximate but even precise way, vague
concepts (like tasteful, elegant, exclusive, and so
on). In addition, being recognized as universal ap-
proximators [25], fuzzy sets and systems are widely
used for system identification, since they are well-
suited to carry out non-linear mappings between in-
puts and outputs. As a result, the use of fuzzy sets
and systems lets us pass from computing with num-
bers to computing with perceptions [26]. Thus, it
becomes natural passing from questionnaires based
on the usual Likert scales to fuzzy rating scale-based
questionnaires [6].

Moreover, the Computational Theory of Percep-
tions [27] provides a framework to implement com-
putational systems with the capacity of computing
with the meaning of linguistic expressions close to
natural language, i.e. with the capacity of comput-
ing with imprecise descriptions of the world in a sim-
ilar way how humans naturally do. For instance, the
Highly Interpretable Linguistic Knowledge (HILK)
fuzzy modeling methodology [7] is aimed at making
easier the knowledge extraction and representation
tasks in the context of designing interpretable fuzzy
systems. It is worthy to note that the human-centric
character of interpretable fuzzy systems [28] is ap-

660



preciated in many applications, especially in those
involving interaction with humans [29].

3. QUALE R©

3.1. Methodological Framework

This section refines the framework first introduced
in [2]. The goal is making easier both the prod-
uct/service to market fit process and the customer
relationship management process. Fig. 1 gives an
overview of the whole framework which is inspired
on the principles of Kansei Engineering. It follows
an iterative and human-centric design approach.

Figure 1: Methodological framework.

First of all, the person in charge of designing
the new product/service must give its specification.
This includes a set of desired attributes or insights
(kanseis) to be satisfied. Such attributes are usually
defined by vague concepts (like original, exclusive,
and so on) which are naturally characterized by the
fuzzy formalism. They should be determined after
a careful market study (that is paying attention to
customers’ demands). Such study can be supported
by focus groups, system dynamics software, etc. No-
tice that the selection of the right attributes (which
are going to guide the synthesis of new products or
services) is a key task deserving careful attention.

Then, the designer has to look for the best com-
bination of design parameters (that we call labels
and can be defined either numerically or linguisti-
cally depending on their nature) to satisfy the prod-
uct/service specification. The right labels can be
found out in an iterative process which is made up
of three main stages:

1. Experimental Design. This stage estab-
lishes the statistical basis of the experimen-
tal study to be carried out in order to vali-
date the design process. Firstly, the designer
must define the hypothesis to verify along with
the statistical tests to perform. Secondly, it
requires an adequate selection of both number
and type of (un)trained assessors who must be
representative of the target market and able
to recognize the attributes to evaluate for each
given sample (product/service) to be tested. In
addition, it is time to select carefully the at-
tributes but also the type and number of sam-

ples. Moreover, each sample must be character-
ized by a set of labels that refers to its physical
characteristics.

2. Sensory Evaluation. It depends on the prod-
uct/service (along with the set of attributes)
under consideration. The evaluation is usually
made through filling a questionnaire which can
include several questions with different kinds
of possible answers: yes/no, multiple options,
checkbox, open text, ranking, rating scale, etc.
Alonso et al. proposed in [2] considering the
use of fuzzy rating scale-based questions, i.e.
questions which are answered by means of
fuzzy numbers defined in bipolar rating scales
(for instance Inadequate-Adequate, Worthless-
Valuable, Ordinary-Unique, and so on). It is
worthy to note that such fuzzy rating scales [6]
can be seen as an extension of the popular
Osgood’s semantic differential scales [30, 31].
Thus, assessors are asked to indicate each eval-
uation in the form of a numerical value along
with their confidence in such value. The larger
the confidence interval is, the higher the im-
precision and uncertainty attached to the given
answer which is likely to be determined by the
upper pointer but assuming that in practice it
can take whatever value in the whole interval.

3. Data Analysis and Synthesis. The focus
of this stage is at processing and analyzing all
the answers previously collected. To do so,
the designer can make use of Soft Comput-
ing techniques, mainly fuzzy logic, in order to
tackle with the imprecision and uncertainty in-
herent to the assessors’ evaluations. First of
all, the goodness and reliability of the avail-
able data must be double-checked. Outliers,
rare answers very far from the rest, must be
identified and discarded. In addition, clus-
tering techniques [32] can be applied in order
to uncover assessor profiles according to dif-
ferent socio-economic criteria, but also paying
attention to common preferences. It is wor-
thy to note that all collected answers (in each
group) for each sample must be properly ag-
gregated by means of fuzzy aggregation op-
erators [33]. Then, we deal with finding out
the best matching between labels (defining the
target product/service) and attributes (char-
acterizing the customers’ expectations). This
task involves the use of learning algorithms,
mainly fuzzy modeling [34, 35] and fuzzy asso-
ciation rule [36] learning algorithms, with the
aim of understanding how assessors evaluated
the given samples. The final goal is building
a virtual assessor which replicates the evalu-
ations given by human assessors. That way
we can predict evaluations of unseen samples
or prototypes automatically, without requiring
human interaction, i.e. without requiring ask-
ing directly to the panel of assessors. This fact
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facilitates the test of new alternatives, reduc-
ing costs and speeding up the design process.
Notice that, the human-centric fuzzy modeling
methodology called HILK [7] is used to carry
out this task in practice.

At the end of the entire process, a report for sup-
porting decision-making is provided. It remarks in
a user-friendly way (even for non-expert users) the
main conclusions drawn. It makes emphasis in the
degree of satisfaction or dissatisfaction of the given
product/service specification by the final prototype
which is expected to be ready to go to the market.

3.2. Software Architecture

We have developed a new software toolbox called
QUALE R© which implements the methodological
framework just presented above. The solution cov-
ers all the stages in the framework, from the ini-
tial product/service specification to the final deci-
sion making process.

QUALE R© allows to admin several clients as well
as several projects per client. In addition, it lets the
user to set up and to schedule several evaluation ses-
sions. For each session, it handles the experimen-
tal design, i.e. it assists the user in the selection
of assessors, attributes, labels, samples, and so on.
Notice that QUALE R© includes a wizard for design-
ing web-polls which can include different types of
questionnaires. Nowadays, the user can choose be-
tween two predefined fuzzy rating scale-based tests
regarding either descriptive or comparative studies.
Once an evaluation session is closed and thus

all the information from assessors is collected,
QUALE R© assists us again regarding the statistical
analysis. Later, an artificial intelligent (AI) engine
is in charge of the iterative fuzzy modeling-based
design of prototypes. It offers simulation and op-
timization capabilities that are constrained by the
given product/service specification as well as by the
target attributes.
The software architecture follows an MVC archi-

tectural pattern. Fig. 2 presents the modules re-
sponsible of the different components:

Figure 2: Software architecture.

• A Microsoft SQL Server database (DB) is re-
sponsible of the model component and contains

the information of users, samples and so on. It
presents persistence, ensuring data survival.

• A web server is in charge of the controller
and takes a central role in the implementation.
Namely, a JBoss Server runs over Linux and it
hosts the web services to be accessed.

• Two front-ends:

– The desktop application permits the cre-
ation of projects, their administration and
the analysis of results. It is implemented
with Microsoft WPF technology that pro-
vides a visually rich environment and
good interaction with the user.

– The web site houses web-polls for collect-
ing the users’ perceptions, allowing En-
glish and Spanish languages. It is im-
plemented using HTML5, AJAX and the
Javascript library Jquery. The Bootstrap
framework has been used to improve the
graphic details and adapt it to the use in
mobile devices.

• The core of the architecture is an AI engine
which is developed in R and Java programming
languages. It is in charge of the generation
of statistical reports as well as fuzzy model-
ing and other advanced features supported by
Soft Computing techniques. This module runs
in the main Server and its functionality is pre-
sented to the user through the desktop appli-
cation.

3.3. Case of Study

The Poshmakers1, a well-recognized multi-sectorial
product and services creator, proposed in 2011 the
creation of the most desired premium gin brand,
named Ish London Dry. The challenge was to build
up a new brand from scratch, presenting a superior
notoriety that favored its commercial introduction.
The product specification remarked the need for no-
toriety but without prejudicing against its credi-
bility and confidence in a high competitive niche.
Monetary limitations constrained the quantity and
quality of the labeled, packaging elements, and com-
munication campaigns.

Summing all this up we faced a problem where the
main goal was to put in place and conceive a nar-
rative of brand that increased the value proposition
and speeded its market launch up. The remainder
of this section describes how to use Quale R© with
the aim of solving the problem posed above.

The first step deals with selecting the right at-
tributes to be satisfied in accordance with the prod-
uct specification. To do so, we built up a dy-
namic system model over the simulation platform
Zio c©SD2. That model gathers the main influential
variables along with their internal causal relations.

1http://www.theposhmakers.com/
2http://www.rod.com.es/Page1.html
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Figure 3: Results of the web-poll (Gin Mare, Bulldog, Broker’s and Gordon’s Gins).

After simulating and evaluating different alternative
scenarios we selected Femininity and Originality as
the two main attributes to be maximized in the de-
sign process.
Then, we carried out a market study which let us

identify the two principal competitors (Gin Mare
and Bulldog Gin) of Ish London Dry. According
to our study, Gin Mare presents female features
and it proposes an original design that highlights a
Mediterranean style, far away from the usual Lon-
don Gin concept that is popular in many others.
This characteristic has reported good notoriety at
the cost of a slight deterioration over time. On the
contrary, we found that Bulldog Gin represents the
new winner brand in the market. It is endowed
with a provocative and very personalized style that
turns up naturally from a gin bottle which empha-
sizes masculine sexuality and originality.

Thus, we faced the challenging task of positioning
our brand close to Gin Mare and Bulldog Gin. With
that aim, we entered in an iterative design process
that conducted to build up a new gin bottle which
fulfils the target requirements as detailed below.

First iteration. We collected a representative set
of already commercialized gin bottles. Namely,
we identified 23 different packages of some of
the best well-known gin brands in the market.
Notice that our selection was made with the
aim of providing the pool of data samples with
good heterogeneity. Each gin bottle was char-
acterized by 9 labels regarding both Packaging
(shape, weight, format, height, finishing touch
and qualities) and Typography (type, style, and
contrast). An expert designer was responsible
for setting carefully the values related to these
labels for each gin bottle under consideration.
A consumer panel made up of 50 untrained as-

sessors was in charge of evaluating all the 23
samples through a fuzzy rating-based web-poll
accessible online3. As a result we collected 2300
evaluations (23 samples × 2 attributes × 50 as-
sessors) for the whole set of gin bottles. It is
worthy to note that they confirmed the conclu-
sions derived from our previous market study
about Gin Mare and Bulldog Gin as it can be
appreciated in Fig. 3. We have depicted with
fuzzy rose diagrams [37] the aggregation of the
50 evaluations collected for each bottle. No-
tice that each evaluation is ranged from 0 (the
center of the fuzzy rose diagram) to 100 (the
external dotted blue circle). Moreover, printed
values correspond to the mean of the given eval-
uations while the fuzzy boundaries (shadow) of
the filled sectors reflect the mean confidence of
assessors in their own evaluations. Thus, both
Gin Mare and Bulldog Gin stand out because of
their originality. In addition, Gin Mare is seen
as very female (femininity scores 75.82 out of
100) while Bulldog Gin is considered as very
masculine (since it gets low values of feminin-
ity). In fact, Gin Mare was the first in the rank-
ing (regarding all the 23 bottles under study)
from the point of view of femininity while Bull-
dog Gin was the second to last in that rank-
ing. Gordon’s Gin (one of the most classical
gin brands) was the third from last in the same
ranking. It is worthy to remark that only Bro-
ker’s Gin was seen more masculine than Bull-
dog and Gordon’s Gins. Gin Mare was again
the first in the ranking with respect to original-
ity, while Gordon’s was the last one.
Finally, all the information previously collected
was taken as training data by the AI engine of

3http://www.softcomputing.es/quale/
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Figure 4: Prototypes of Ish London Dry.

QUALE R© which automatically generated an
AI evaluator which replicated the behavior of
the group of assessors in the evaluation of the
target attributes for all the given bottles. It
is ready to predict the evaluations that would
be given by the panel of assessors in case they
were asked to evaluate new bottles. Notice
that the core of this AI evaluator includes two
fuzzy rule-based models (one related to femi-
ninity and the other related to originality) built
by HILK methodology. Namely, we considered
as rule learning algorithm the Fuzzy Decision
Trees provided by GUAJE4 [38].

Second iteration. We tackled with the design of
a prototype (see the top left corner of Fig. 4(a))
that, according to our background and keeping
in mind the previous results, tried to maximize
the two attributes of interest.

We looked for an original design by includ-
ing some singular and transgressive elements.
Firstly, we chose the red of the English flag of
Saint George as the main color in the new bot-
tle. This fact emphasizes the British personal-
ity of the brand. In addition, notice that there

4http://www.softcomputing.es/guaje/

is not any other red gin bottle in the market
thus attracting the attention in the beverage
showcases as a side effect. Moreover, the brand
speech and iconography suggest female sexual-
ity with a hint of fetishism and some touches
of decadency and provocation.

Then, we resorted again to our expert designer
who provided us with the values related to the
9 labels that characterize the new prototype
in the same way how he did previously for the
commercial bottles. These values are given just
below the bottle in Fig. 4(a). Finally, we evalu-
ated both femininity and originality of this pro-
totype with the help of the AI evaluator gener-
ated at the end of the previous iteration, thus
avoiding to ask directly to the panel of asses-
sors what let us save time and money. As it
can be appreciated at the top right corner of
Fig. 4(a), the AI evaluator scored this proto-
type with low femininity (38.88) and medium
originality (46.08). It is worthy to note that
in this case the shadow in the fuzzy rose dia-
gram reflects the confidence of the AI evalua-
tor which depends on the goodness (i.e. per-
formance measured by cross-validation) of the
generated fuzzy models.
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Third iteration. We refined the previous proto-
type looking for a more female and original de-
sign. As it can be seen in Fig. 4(b), we kept
all labels related to packaging but we changed
those ones related to typography. We passed
from an industrial character to a more human-
istic one, with the aim of highlighting the femi-
ninity of the prototype. In addition, we passed
from a minimalist style to a more baroque one,
in the search for a more original prototype.
We slightly increase the contrast of typography
too. Then, we used again the AI evaluator in
order to evaluate the goodness of the new pro-
totype. It is easy to appreciate how the refined
prototype outperforms the previous one with
respect to both attributes, as desired. Femi-
ninity rises to 72.72 while originality goes up
to 73.64. Notice that such evaluations are very
close to those reported by Gin Mare in the first
iteration of our study (see Fig. 3).

Fourth iteration. We resorted again to the panel
of assessors in order to validate the goodness
of the prototype achieved in the previous iter-
ation. Assessors were asked, in another web-
poll, to evaluate the selected prototype. As ex-
pected, the reported evaluations were in accor-
dance with those provided by the AI evaluator.
The prototype was scored by assessors with
68.74 to femininity and 67.96 to originality.
Obviously, there are slight differences between
the evaluations given by the panel and those
predicted by the AI evaluator. Anyway, they
are close enough to validate the goodness of
the prototype which was finally selected as the
packaging design of the new brand Ish London
Dry. Fig. 5 shows a screenshot of QUALE R©
where we have included the evaluations given
by the panel of assessors for some of the bot-
tles under consideration. Ish London Dry is
highlighted in red while the rest of bottles are
represented by black circles.

Figure 5: Screenshot of QUALE R©.

4. Conclusions

We have presented a new software which imple-
ments a novel methodology for human-centered de-
sign of products and services. It combines tech-
niques provided by three well-known and estab-
lished research areas: Kansei Engineering, Sensory
Analysis, and Soft Computing. This software has
been applied to a case study about gin packaging.
Notice that the brand which adopted the packag-
ing proposed by our methodology, Ish London Dry
Gin, obtained the design gold medal in 2012 Gin
Masters context and its sells have tripled the initial
forecasts, being out of stock the first 5 months.

In the future we will extend this software by in-
cluding clustering techniques, other aggregation op-
erators, alternative graphical representations, addi-
tional modeling and learning algorithms, etc.
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