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Kansei engineering is one of the main methodologies for the emotional design of products.
This technique aims to relate the properties of the product or service to the sensations
perceived by users. A classic application of this methodology requires different phases, among
which are the choice of the product domain, the definition of the semantic space and
properties, the elaboration of the synthesis, the validation and the construction of the model
and validation. The popularization of artificial intelligence techniques, including machine
learning, has led many authors to use these mathematical models in the synthesis phase. This
paper analyses the main machine learning tools used in the synthesis phase of kansei
engineering, as well as the relevance of their use, based on the property space previously
described.
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UTILIZACION DE TI'ECNI’CAS DE APRENDIZAJE AUTOMATICO EN LA FASE DE
SINTESIS DE INGENIERIA KANSEI

Una de las principales metodologias para el disefio emocional de productos es la ingenieria
Kansei. En esta técnica se pretende relacionar las propiedades del producto o servicio con
las sensaciones percibidas por los usuarios. Una aplicacion clasica de esta metodologia
requiere distintas fases entre la que se encuentran la elecciéon del dominio del diseno, la
definicion del espacio semantico y de propiedades, la sintesis, la validacion y la construccion
del modelo. La popularizacion de las técnicas de inteligencia artificial, entre las que se
encuentra el aprendizaje automatico, ha llevado a muchos autores a utilizar estas
herramientas en la fase de sintesis. En este trabajo se analizan las principales herramientas
de aprendizaje automatico usadas en la fase de sintesis de ingenieria kansei, asi como la
adecuacién de su uso, en base al espacio de propiedades previamente definido.
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1. Introduction

There is a growing interest in design based on user experiences (Hartono, 2020). In a context
where products more than satisfy the functional needs for which they were designed, the
sensations associated with the use of products and services are increasingly important
(Zamora-Polo, De Las Heras, & Luque-Sendra, 2021).

Among the methodologies that have been widely used in the field of experiential design is
Kansei Engineering. This methodology was proposed by Nagamachi (1992) and aims to
quantitatively relate the characteristics of products with the sensations generated by them.
The term kansei does not have a direct translation in English (Coronado, Venture, &
Yamanobe, 2021), this term comes from the union of the kanji "kan" which means sensitivity
and “sei” which means characteristics, quality, nature. Kansei methodology has sometimes
been associated with emotional design, but it goes beyond that. In fact, Nagamachi relates it
to the impression gathered by the senses or psychological feeling (Nagamachi, 2010;
Nagamachi & Lokman, 2010).

The Kansei methodology has been widely used in a wide variety of products and services, for
example: vehicles (Kang, 2021; Lai et al., 2022), furniture design (Kobayashi & Fuijita, 2021),
website design (Guo et al., 2016), sustainable services (Hartono, 2020), etc.

There are different types of application of the Kansei methodology (Coronado, Venture, &
Yamanobe, 2021; Felgueroso Fernandez-San Julian et al., 2011):

Type |: Categorization, the identification of product characteristics is carried out, usually
without the use of computer tools, using surveys targeted at the market segment to be
accessed.

Type ll: Kansei Engineering System, computer tools are used to choose the best options for
product design.

Type llI: Hybrid Kansei Engineering System, these systems allow explaining the relationship
between kanseis and product features, as well as predicting what will be the responses in the
form of kanseis from new experiences of new product features.

Type IV: Predictive mathematical model, by building complex mathematical models it is
possible to obtain a relationship between kanseis and product properties allowing both forward
and backward evaluation.

Type V: Use of virtual reality in the field of Kansei Engineering

Type VI: Collaborative design via the Internet, using group work and concurrent engineering
methodologies.

Figure 1 shows the procedure proposed by Schitte (2005) for the application of kansei
methodology. The choice of the domain requires both the definition of the market sector and
the characteristics of the new product to be manufactured. The kanseis can be structured
hierarchically, which is why an attempt can be made to discover the structure present in the
data (definition of the semantic space). For the grouping of the different kanseis, the
knowledge of experts in the field or the use of statistical tools such as principal component
analysis, factor analysis and the use of neural networks, cluster analysis or the theory of
quantification (Types I, Ill and IV) can be used. Subsequently, the definition of the property
space must be carried out, which represents the most important characteristics that mark the
identity of the product and that can lead to a change in the valuation of future users. In the
synthesis space, the aim is to obtain the existing relationship between the property space and
the semantic space, for which manual methods can be used, such as the identification of
categories (type | kansei), or the use of statistical tools such as linear regression, quantification
theory (type I) or more advanced procedures such as genetic algorithms, fuzzy logic, etc. The
final objective is to define a mathematical model on which to operate in order to obtain the
design that optimizes user assessment.
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Figure 1: Procedure proposed by Schiitte (2005) for the application of kansei methodology
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As previously mentioned, in order to carry out the synthesis in the type IV Kansei methodology,
it is necessary to create a mathematical model that attempts to correlate the properties of the
product with the users' assessment. One of the tools of artificial intelligence, machine learning,
can be used to create these models.

Artificial intelligence is the ability of computers to think automatically (Kaplan & Haenlein,
2019). In the classic computer programming process, it is the human being who indicates the
strategy to solve the problem, while in artificial intelligence, on the other hand, the machine
itself automatically obtains the knowledge based on data provided by the user (Bosch Rué,
Casas Roma, & Lozano Bagén, 2019).

Machine learning (ML) is the ability to learn automatically based on the data provided. ML is
a branch of artificial intelligence (Bosch Rué, Casas Roma, & Lozano Bagén, 2019;
Goodfellow, Bengio, & Courville, 2016) and its use is becoming popular for a large number of
applications: smart city management (De Las Heras, Luque-Sendra, & Zamora-Polo, 2020),
images classification (Bosch Rué, Casas Roma, & Lozano Bagén, 2019), recommender
systems (Portugal, Alencar, & Cowan, 2018), credit scoring (Teles et al., 2020), etc.

Among the strategies of machine learning, in supervised learning, the system is fed with
training data, and it attempts to deduce a function that meets the previously established data.
On the other hand unsupervised learning has no training data and the system attempts to fit
the model to the observations. (Bosch Rué, Casas Roma, & Lozano Bagén, 2019).

The tasks typically addressed by machine learning are classification, which seeks to
categorize data, regression, which is a continuous classification, and clustering, in which there
are no defined classes and the algorithm groups the data according to their affinity (Bosch
Rué, Casas Roma, & Lozano Bagén, 2019).

The application of machine learning techniques is neither straightforward nor simple. Among
the problems usually encountered in these applications are overfitting and underfitting, the
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limitation of training and test results, the selection of models that adequately fit the
phenomenon being analyzed, etc. In this sense, the implementation of these models could be
considered an art. In this paper, the use of machine learning tools that are being used for
product design through the use of Kansei Engineering is analyzed.

The structure of the following sections is as follows: in the next section the objectives of the
work will be described, then the methodology will be detailed, the results will be presented and
discussed in the fourth section. Finally, the conclusions of the work and future lines of work
will be detailed.

2. Objectives

The main objective of the paper is to analyse the use of machine learning tools for product
design through the Kansei Engineering. To this end, the following secondary objectives will
be addressed:

1. To analyse the evolution of the use of these tools in the scientific literature.

2. To study the different sources for the training of machine learning models in the field of
Kansei Engineering.

3. To categorise the various machine learning techniques commonly used in the field of
emotional product development.

4. To detect future lines of work in this field.

3. Methodology

In order to achieve the above objectives, an analysis of the scientific literature in the field of
kansei engineering and machine learning has been carried out. The search was carried out in
the Scopus bibliographic database (Elsevier, 2022). This database was chosen because of its
wide scientific coverage and because it is the database in which the proceedings of the
International Congress on Engineering and Project Management are indexed (AEIPRO,
2021).

The time period analyzed was restricted to the last 5 years (2017-2021), in line with other
previously published works (Anand & Amor, 2017; Luque et al., 2020; Zamora-Polo et al.,
2019), and the search was conducted on 1/02/2022. The sources used included all documents
registered in the bibliographic database including articles, conference proceedings and book
chapters, and the keywords used were the following, including in the tittle, abstract and
keywords: (kansei AND engineering)) AND (machine AND learning).

Hermeneutics has been used to analyze texts. This tool, originally applied in the study of
sacred texts (Palmer, 1969), has been used in fields such as philosophy, pedagogy (Lozano
et al., 2017; Zamora-Polo & Sanchez-Martin, 2019) and technical research (Luque et al.,
2020). The aim of this tool is to achieve a deeper understanding of reality, based on the
reading of previously published texts (Heidegger, 2009).

4. Results and Discussion

4.1. Evolution of the number of published papers

The total number of analyzed articles amounts to 66 articles. Among these articles, 6 articles
were discarded because they were out of scope (false positives), despite having been included
in the search, they did not effectively develop the use of machine learning techniques in Kansei
Engineering, and another article was rejected because it was written in Japanese. This brings
the number of papers finally studied to 59.
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Figure 2 shows the historical evolution in the number of papers in the last 5 years (2017-2011)
in the chosen topic. As it can be seen, there is a growing trend in the interest of the subject in
the scientific literature.

Figure 2: Number of scientific publications analyzed in the period 2017-2021
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From the data expressed in Figure 2, a reduction in the number of articles published in the
last year (2021) can be observed. This may be due to the effect of the COVID 19 pandemic
on the scientific literature. Previously published work found a very considerable decrease in
scientific publications deposited on platforms such as bioRsiv (Abramo, D’Angelo, & Mele,
2021). The reasons given in this paper range from the closure of research centers, workloads
due to confinement care and the extra effort needed to attend to virtual teaching in the case
of university teaching (Abramo, D’Angelo, & Mele, 2021). In addition, the outbreak of the
pandemic has undoubtedly hindered communications, decreasing the possibility of travel and
scientific meetings. Despite the proliferation of online scientific events, a drastic reduction in
the number of papers presented at conferences can be observed in 2021.
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4.2. Kansei engineering applications
Figure 3 shows the sector of application of Kansei Engineering in the analyzed articles.

Figure 3: Areas of application of Kansei Engineering in the sample of articles surveyed

Food Urbanfurniture _logos Door-to- Health transfer
o, 0 §o) .
Shopping and 2% Cameras 2% 2% d_OOF mechanism
i 2% delivery 2%
packesine service
3% Watches 2%
Toys 3%

3%
Sports \
3% \
Scientific
foundations (
7%
Clothes and

footwear
8%
Information and
Communication
Technologies
10%

As can be inferred from Figure 3, among the sectors with the most papers published are the
means of transport.

The aspects studied in these works cover topics such as car ergonomics (Kikumoto, Kurita, &
Ishihara, 2021), SUV car design (Dong et al., 2021), general aspects of cars (Guo et al., 2020;
Li & Zhu, 2020; Su et al., 2020), or the service of car-sharing platforms such as UBER (Ali,
Wang, & Riaz, 2020). Other articles deal with air transport such as the design of aircraft cockpit
(Chen et al., 2021) or airports (Hartono, 2020), bicycles are also analyzed (Chiu & Lin, 2018),
and special attention is devoted to the use of electric bicycles (Wang et al., 2021; Wang &
Zhou, 2020) or accessories such as bicycle helmets (Li et al., 2021). The design of sustainable
means of transport is a major challenge (Cruz-Rodriguez et al., 2020) with a major impact on
the industrial sector. In fact, one of the first applications of kansei engineering was in the
automotive sector (Kang, 2021).

The domestic sector is on a par with the previous sector in terms of the number of publications.
The design of furniture such as: cradles (Akgul et al., 2021; Akgul et al., 2020), chairs (Zuo &
Wang, 2020), sofas (Xue, Yi, & Zhang, 2020), lamps (Fan et al., 2018), vases (Li, Shieh, &
Yang, 2019; Shieh, Li, & Yang, 2018) or thai ceramic (Kittidecha & Yamada, 2018), frying pan
handles (Shinoda et al., 2019) or spoons (Laohakangvalvit, Achalakul, & Ohkura, 2017). The
design of wallpaper for rooms (Ishihara et al., 2020) or instruments such as drills (Li et al.,
2021) are also addressed in the studied works

The next sectors with the same number of publications are robots and Information and
Communication Technologies (ICTs). Among the former are the design of social robots
(Coronado, Venture, & Yamanobe, 2021; Ding, Cheng et al., 2021; Gan et al., 2021; Sejima,
Sato, & Watanabe, 2021), robots for children (Liu et al., 2019) and robots for assisting the
elderly people (Bidin et al., 2017). In the field of ICTs, aspects as diverse as the design of
peripherals (Jiao & Qu, 2019) and mobile phones (Yang et al., 2020), the design of video
game icons (Cao, Watanabe, & Ono, 2021), mobile phone applications (Fischer, 2020), virtual

803



26" International Congress on Project Management and Engineering
Terrassa, 5"-8™ July 2022

reality (Fu et al., 2020), web pages design (Hadiana, 2018) or alerts in the field of computer
security (Razali et al., 2019) can be found.

The design of clothing and footwear has been the subject of much research, including men's
and women's clothing (Jiang et al., 2021; Quan, Li, & Hu, 2018), the design of shoes (Zairan
Li et al., 2017), women's handbags (Chu, Chang, & Lin, 2020) and the images on T-shirts
(Chen & Cheng, 2021).

Among the topics less covered in the studies analyzed are the design of sports equipment
(Chu, Chang, & Lin, 2020; Ding, Zhao et al., 2021), toys (Chan et al., 2020; Wang et al., 2018),
watches (Li et al., 2018; Suzuki et al., 2019), shopping and packaging (Aprilia et al., 2020;
Wang et al., 2019), food design (Fukumoto & Hanada, 2019), cameras (Wang & Chin, 2017),
logos (Zhu, Cao, & Li, 2017), urban furniture (Wei, 2019) and the design of services such as
door-to-door (Yeh & Chen, 2018).

4.3. Tools for collecting user opinions

One of the fundamental issues for the application of machine learning techniques is to have
an adequate set of data from which knowledge will be extracted. There are various strategies
for obtaining user opinions, including the use of questionnaires, determination based on
physiological signals such as electroencephalography, electrocardiogram, etc., or text data
mining using natural language processing tools. Figure 4 shows the percentages of papers
with a practical application depending on the procedure for acquiring user feedback.

Figure 4: Frequency of use of various tools for obtaining users' opinions
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As it can be seen in the figure above, the most widely used technique is the questionnaire
(81%), despite the weaknesses that will be discussed later, this methodology can ensure a
certain number of valid data, that users meet certain characteristics and that the conditions
under which the evaluation is carried out can be controlled by the research team. The average
number of data available from the research studies analyzed is 117.66 respondents. However,
there is a large variability in the number of surveys ranging from 5 (Yang, Shi, & Wang, 2020)
to 655 survey participants (Li et al., 2021).

One of the main problems with the use of questionnaires is that they are time-consuming to

complete (Chan et al., 2020). To overcome this limitation, several strategies have been
proposed. Firstly, some authors recommend limiting the number of responses required to the
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number of items, setting the necessary ratio at 1:5 (5 valid questionnaires for each item in the
questionnaire) (Zhu, Cao, & Li, 2017, 2017); on other occasions, the models to be evaluated
have been distributed among groups of participants surveyed (Li et al., 2021), so that
respondents do not evaluate all the products but only part of them. Another option proposed
is to reduce the number of products that are used for the evaluation, either by selecting the
sample (Akgul et al., 2020; Ding, Cheng, et al., 2021; Fu et al., 2020; Li, Shieh, & Yang, 2019)
or by starting from a sample of products and identifying the conditions of the products a
posteriori (Cok, Vlah, & Povh, 2022; Li et al., 2018; Wang & Chin, 2017; Xue, Yi, & Zhang,
2020).

Questionnaires are sometimes completed by students (Cok, Vlah, & Povh, 2022; Ding, Cheng,
et al., 2021), but they are not the only sector targeted by the product under study. Sometimes
the genders are not justifiably balanced, as in the case of women's clothing (Quan, Li, & Hu,
2018) or women's handbags (Chu, Chang, & Lin, 2020), but sometimes there is a gender bias
that is not in principle reflected in the percentage of users who demand the product (Cok, Vlah,
& Povh, 2022; Gan et al., 2021; Kikumoto, Kurita, & Ishihara, 2021).

Regarding experimental techniques that require physiological measurements, such as eye
tracking (ET) and electroencephalogram (EEG), the number of subjects participating in the
studies is usually smaller. Among the analyzed studies analyzed, only two articles fall into this
category. In the first one, written by Yang et al., (2020), ET and EEG are used in combination
and 12 students participate in the study. In the second article, a total of 26 subjects participate
in the EEG study for the evaluation of the kansei words defining SUVs cars (Guo et al., 2020).
Obviously, the use of this type of methodology is more costly than the use of questionnaires,
as it requires the use of equipment that is not always accessible to research teams. For this
reason, its use is more limited than the alternative of using a questionnaire.

To overcome the problems associated with the use of tools that require user interaction
(questionnaires and physiological techniques), one trend is the use of user-generated
comments (Jiao & Qu, 2019; Lai et al., 2022; Z. Li et al., 2020). User comments can be taken
from social media (Ali, Wang, & Riaz, 2020; Chan et al., 2020) or e-commerce sales platforms
(Jiao & Qu, 2019).

In these cases, the number of available data available to carry out the research is very diverse.
Thus, Aprilia et al. (2020) used 44 phrases to train an instrument that categorizes them into
three groups: aesthetic, functional and environmental. Most of the works used a larger
number, Li et al. (2020) and Wang et al. (2018) analyzed 200 reviews of toys with at least 10
reviews per toy, Wang et al. (2019) analyzed 900 reviews of products with at least 20 reviews,
Ali etal. (2020) analyzed Facebook comments of Uber users from 3853 reviews, they
classified mobile phone applications from 38752 opinions expressed by users and they
categorized the applications into basic, intermediate and advanced, Jiao & Qu (2019) used
10000 reviews of 10 computer mice. Sometimes a relationship is sought between reviews and
product images as in Suzuki et al. (2019), where 1936 images of watches were used. Finally,
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Chiu and Lin (2018) used 4459 reviews of bicycles with at least 50 comments as a preliminary
step for the determination of the kanseis.

4.4. Machine Learning and statistics tools for synthesis

In this section, the most used strategies to carry out the synthesis phase in the kansei
methodology are analyzed. The methodologies will be analyzed according to the data
acquisition instrument used.

4.4.1. Machine Learning and statistics techniques for questionnaires

Generally, a relationship between users' opinions and product characteristics is sought, for
this purpose it is necessary to convert categorical variables into dummy variables. In many
cases, the first steps are to calculate the reliability of the questionnaire by using Cronbach's
Alpha coefficient (Gan et al., 2021; Hadiana, 2018), correlation analyses between variables
(Gan et al., 2021) or the use of descriptive variables (means, standard deviation, etc.) (Gan et
al., 2021; Mat Razali et al., 2019). In many cases, the models used are linear in nature (linear
regression) (Fu et al., 2020; Gan et al., 2021; Hartono, 2020; Liu et al., 2019; Shirafuji et al.,
2018; Zhang et al., 2020). Although the most used tools were originally linear, the strongly
non-linear character of the results and the advance of computational techniques have led to
the proliferation of non-linear mathematical models (Ding, Cheng, et al., 2021).

There are a multitude of machine learning tools that are used in this phase of kansei
Engineering: back propagation neural network (Chen & Cheng, 2021; Zairan Li et al., 2017;
Quan, Li, & Hu, 2018; Wang et al., 2021; Yeh, 2020), classification and regression tree (CART)
(Ding, Zhao, et al., 2021; Li et al., 2018; Sakornsathien, Sinthupinyo, & Anuntavoranich, 2019;
Wang & Chin, 2017), decision trees (Kittidecha & Yamada, 2018; Sakornsathien et al., 2019;
Yeh & Chen, 2018; Zhang et al., 2020), rough set kansei (Akgul et al., 2020; Li & Zhu, 2020;
Zairan Li et al., 2017), fuzzy linguistic (Akgul et al., 2021; Yang et al., 2020), logistic regression
((Ding, Zhao, et al., 2021; Li et al., 2018; Sakornsathien, Sinthupinyo, & Anuntavoranich, 2019;
Yeh & Chen, 2018), grey fuzzy model ( Xue, Yi, & Zhang, 2020), random forest
(Sakornsathien, Sinthupinyo, & Anuntavoranich, 2019), Naive Bayes (Sakornsathien,
Sinthupinyo, & Anuntavoranich, 2019), deep learning (Sakornsathien, Sinthupinyo, &
Anuntavoranich, 2019), support vector regression (Li, Shieh, & Yang, 2019; Li et al., 2018;
Shieh, Li, & Yang, 2018), class association rule (Kittidecha & Yamada, 2018), ridge regression
(Li et al., 2018), multilayer perceptron (Li et al., 2018), support vector machine
(Laohakangvalvit, Achalakul, & Ohkura, 2017).

Sometimes the relationship between kanseis and product images is sought. There are several
tools available to classify images, such as: radial basis function neural network (Y. Chen et
al., 2021), Elman neural network (Chen et al., 2021), general regression neural network (Chen
et al., 2021), convolutional neural network (Ishihara et al., 2020; Jiang et al., 2021; Su et al.,
2020), deep residual network (Li et al., 2021).

Of the studies analysed, 37 articles (over 45) carry out the analysis of the kanseis without
taking into account the characteristics of the users. Among the studies that include user
characteristics, the correlation between the assessment of the different types of users is
analysed (Cao, Watanabe, & Ono, 2021; Wei, 2019), ANOVA is used to discover differences
between groups (Kikumoto, Kurita, & Ishihara, 2021; Yeh & Chen, 2018),. Finally, the inclusion
of user characteristics in decision trees (Cok, Vlah, & Povh, 2022; Kikumoto, Kurita, & Ishihara,
2021), using fuzzy mapping-based models (Dong et al., 2021) or creating a specific model
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based on each interest group (e.g. men and women) (Laohakangvalvit, Achalakul, & Ohkura,
2017) are techniques for incorporating the user characteristics

One of the most important aspects in the use of machine learning tools is the testing of the
results by means of a test. In 16 of the articles (out of 45) that address the testing of the model
used by testing, a percentage of 70% of the data is usually recommended for training and 30%
for testing, which is the case in some of the works studied (Kittidecha & Yamada, 2018;
Laohakangvalvit, Achalakul, & Ohkura, 2017; Yeh & Chen, 2018), however sometimes the
percentage of data used for the test is somewhat lower (Chen & Cheng, 2021; Chen et al.,
2021; Ding, Cheng, et al., 2021; Ding, Zhao, et al., 2021; Dong et al., 2021; Fu et al., 2020;
Jiang et al., 2021; Liu et al., 2019; Su et al., 2020; T. Wang et al., 2021; W. M. Wang et al.,
2019). Finally, cross validation is sometimes used as an approach (Li et al., 2018; Quan, Li, &
Hu, 2018).

After the construction of the models, optimization tools are often used, such as: Deep
convolutional generative adversarial neural networks (Gan et al., 2021), spiking neural
networks (Ding, Cheng, et al., 2021), genetic algorithms (Fukumoto & Hanada, 2019; Shieh,
Li, & Yang, 2018; Wang et al., 2021; Wang & Zhou, 2020). Sometimes the optimum is sought
based on the combination of several kanseis, constituting a multi-objective optimization
problem.(Li, Shieh, & Yang, 2019; Shieh et al., 2018).

4.4.2. Machine Learning and statistics techniques for physiological measures

Guo et al. (2020) analyzes the kanseis related to the evaluation of SUV cars by studying the
electroencephalographic signals of words related and unrelated to the studied phenomenon.
The differences are analysed using statistical techniques such as the analysis of means (t-
test) and ANOVA. Yang et al. (2020) estimated the score obtained from the kanseis as a
function of product characteristics and electrophysiological parameters obtained by ET and
EEG using simple linear regression.

4.4.3. Machine Learning and statistics techniques for user generated comments

In most of the works, a supervised classification is carried out in which the text of the opinions
is related to certain kanseis (Aprilia et al., 2020; Li et al., 2020; Wang et al., 2019) or to predict
the users' rating (Fischer, 2020) The following strategies have been used for these operations:
support vector machine, support vector regression, soft-max regression, k-nearest neighbors,
classification and regression tree, multiple regression model, logistic regression analysis,
deep belief network, MLP artificial neural network, long and short term memory neural
network. In other occasions, convolutional neural networks are used to predict the opinion of
users based on images, as in the case of Suzuki et al. (2019) where various clock models
were analysed.

In order to carry out the test, Aprilia et al. (2020) reserved a number of texts (1/3) to carry out
the validation of the study. Most of the authors (Li et al., 2020; Suzuki et al., 2019; Wang et
al., 2018; Wang et al., 2019) opted for k-fold cross validation for testing the regression model.

Sometimes the methods used are unsupervised. For example, Ali et al. (2020) used
probabilistic latent semantic analysis to cluster the opinions of Uber users expressed on
Facebook, Jiao and Qu (2019) analyzed the opinions of mice users using sentiment analysis,
to test the results they analyzed diversity, effectiveness and concentration, finally Chiu and
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Lin (2018) use data mining to detect the kanseis that are applied in semantic differential
surveys.

4.5. Challenges in the application of machine learning to kansei engineering.

One of the key issues in using machine learning tools is that a large amount of data is required,
and the data needs to be of high quality. A challenge for future research is to have data that
truly reflects the opinion of the target sector. The use of online questionnaires (Li et al., 2021;
Li et al., 2018) and the use paid recruitment of users may be valid to increase the number of
valid responses (Chu, Chang, & Lin, 2020). In the case of images, small image modifications
such as rotation or blurring can be used to increase the sample size.

In the application of kansei methodology, it is sometimes assumed that the people who
participate in the experiments give the same meaning to the words used in the experiments
(Dong et al., 2021). However, this is not always true. The user's interaction with the product
provokes sensations that will be captured by the senses; however, the user's interpretation of
this experience is subjective, which passes through the filter of cognitive processing (Dong et
al., 2021). Previous studies have shown that the valuation of products differs by age, gender
or educational background (Yeh & Chen, 2018; Zuo & Wang, 2020). Incorporating user
characteristics into synthesis models is a major challenge. This decision requires more data
to perform the calculations.

A decisive aspect for the use of machine learning models is to test the results obtained to
check avoiding overfitting and underfitting. Sometimes this aspect is overlooked in the works
analyzed, strategies for efficient use of the data must be used, this aspect increases the data
needs for the model.

The Kansei Methodology provides models that allow us to predict the users' evaluation of
certain sensations offered by the product, however, it is necessary to go deeper into the
relationship between these sensations and the purchase decision.

5. Conclusions

As it has been shown in the communication, Kansei Engineering, far from being a closed
methodology, with rigidly defined steps and strategies, presents a flexibility that can be very
interesting for its application (Coronado, Venture, & Yamanobe, 2021). In this way, knowledge
can be extracted by means of different strategies: questionnaires, electrophysiology, analysis
of user comments and evaluations, etc.

The use of machine learning is trending topic in the scientific literature. This growth is being
observed in the production of scientific papers in which machine learning is used for the
synthesis phase in kansei engineering. However, aspects such as the inclusion of user
characteristics in the synthesis model, the relationship between kansei and purchase options,
as well as technical aspects of valuations such as the definition of new models, the evaluation
of models and the optimization of the use of data need to be studied.

6. References

Abramo, G., D’Angelo, C. A., & Mele, I. (2021). Gendered impact of COVID-19 pandemic on
research production: A cross-country analysis based on bioRxiv. 18th International
Conference on Scientometrics and Informetrics, ISSI 2021, 19-30.

AEIPRO. (2021). Las Actas del CIDIP indexadas en Scopus. Retrieved 11 April 2022, from
AEIPRO webpage website: https://www.aeipro.com/es/noticias/1318-las-actas-del-cidip-
indexadas-en-scopus.htmi

Akgll, E., Delice, Y., Aydogan, E. K., & Boran, F. E. (2021). An application of fuzzy linguistic

808



26" International Congress on Project Management and Engineering
Terrassa, 5"-8™ July 2022

summarization and fuzzy association rule mining to Kansei Engineering: a case study on
cradle design. Journal of Ambient Intelligence and Humanized Computing.
doi:10.1007/s12652-021-03292-9

Akgul, E., Ozmen, M., Sinanoglu, C., & Kizilkaya Aydogan, E. (2020). Rough kansei mining
model for market-oriented product design. Mathematical Problems in Engineering, 2020,
6267031. doi:10.1155/2020/6267031

Ali, S., Wang, G., & Riaz, S. (2020). Aspect based sentiment analysis of ridesharing platform
reviews for kansei engineering. IEEE  Access, 8, 173186-173196.
doi:10.1109/ACCESS.2020.3025823

Anand, C. K., & Amor, B. (2017). Recent developments, future challenges and new research
directions in LCA of buildings: A critical review. Renewable and Sustainable Energy
Reviews, 67, 408—416. doi:0.1016/j.rser.2016.09.058

Aprilia, A., Djatna, T., Indrasti, N. S., & Sugiarto. (2020). Eco-Kansei design for retailing
packaging: a current research progress. IOP Conference Series: Earth and
Environmental Science, 472(1), 012046. doi:10.1088/1755-1315/472/1/012046

Bidin, S. A. H., Lokman, A. M., Mohd, W. A. R. W., & Tsuchiya, T. (2017). Initial intervention
study of kansei robotic implementation for elderly. Procedia Computer Science, 105, 87—
92. doi:10.1016/j.procs.2017.01.205

Bosch Rué, A., Casas Roma, J., & Lozano Bagén, T. (2019). Deep learning: principios y
fundamentos. Barcelona: UOC.
Cao, X., Watanabe, M., & Ono, K. (2021). How character-centric game icon design affects the
perception of gameplay. Applied Sciences, 11(21), 9911. doi:10.3390/app11219911
Chan, K. Y., Kwong, C. K., Wongthongtham, P., Jiang, H., Fung, C. K. Y., Abu-Salih, B., Liu,
Z.,Wong, T.C., & Jain, P. (2020). Affective design using machine learning: a survey and
its prospect of conjoining big data. International Journal of Computer Integrated
Manufacturing, 33(7), 645—669. doi:10.1080/0951192X.2018.1526412

Chen, D., & Cheng, P. (2021). Development of design system for product pattern design based
on Kansei engineering and BP neural network. International Journal of Clothing Science
and Technology. doi:10.1108/IJCST-04-2021-0044

Chen, Y., Yu, S., Chu, J., Chen, D., & Yu, M. (2021). Evaluating aircraft cockpit emotion
through a neural network approach. Artificial Intelligence for Engineering Design,
Analysis and Manufacturing, 35(1), 81-98. doi:10.1017/S0890060420000475

Chiu, M.-C., & Lin, K.-Z. (2018). Utilizing text mining and Kansei Engineering to support data-
driven design automation at conceptual design stage. Advanced Engineering Informatics,
38, 826—-839. d0i:10.1016/j.2€i.2018.11.002

Chu, C.-H., Chang, W.-C., & Lin, Y.-l. (2020). An exploratory study on computer-aided
affective product design based on crowdsourcing. Journal of Ambient Intelligence and
Humanized Computing, 11(11), 5115-5127. doi:10.1007/s12652-020-01821-6

Cok, V., Vlah, D., & Povh, J. (2022). Methodology for mapping form design elements with user
preferences using Kansei engineering and VDI. Journal of Engineering Design, 33(2),
144-170. doi:10.1080/09544828.2021.2012133

Coronado, E., Venture, G., & Yamanobe, N. (2021). Applying kansei/affective engineering
methodologies in the design of social and service robots: A systematic review.
International Journal of Social Robotics, 13(5), 1161-1171. doi:10.1007/s12369-020-
00709-x

Cruz-Rodriguez, J., Luque-Sendra, A., Heras, A. de las, & Zamora-Polo, F. (2020). Analysis
of interurban mobility in university students: Motivation and ecological impact.
International Journal of Environmental Research and Public Health, 17(24), 9348.
doi:10.3390/ijerph17249348

De Las Heras, A., Luque-Sendra, A., & Zamora-Polo, F. (2020). Machine learning
technologies for sustainability in smart cities in the post-COVID era. Sustainability,
12(22), 9320. doi:10.3390/su12229320

Ding, M., Cheng, Y., Zhang, J., & Du, G. (2021). Product color emotional design based on a
convolutional neural network and search neural network. Color Research & Application,

809



26" International Congress on Project Management and Engineering
Terrassa, 5"-8™ July 2022

46(6), 1332—-1346. doi:10.1002/col.22668

Ding, M., Zhao, L., Pei, H., & Song, M. (2021). An XGBoost based evaluation methodology of
product color emotion design. Journal of Advanced Mechanical Design, Systems, and
Manufacturing, 15(6), 2021jamdsm0075. doi:10.1299/jamdsm.2021jamdsm0075

Dong, Y., Zhu, R., Peng, W., Tian, Q., Guo, G., & Liu, W. (2021). A fuzzy mapping method for
Kansei needs interpretation considering the individual Kansei variance. Research in
Engineering Design, 32(2), 175-187. doi:10.1007/s00163-021-00359-8

Elsevier. (2022). Scopus. Retrieved 10 April 2022, from Scopus [Database] website:
WWW.SCopus.com

Fan, J., Yu, S., Chu, J., & Cheng, F. (2018). A hybrid model of requirement acquisition Based
on consumer’s preference for 3D printing cloud service platform. 2018 10th International
Conference on Intelligent Human-Machine Systems and Cybernetics (IHMSC), 261-264.
doi:10.1109/IHMSC.2018.00067

Felgueroso Fernandez-San Julian, i., Lépez Garcia, V., Rodriguez Vazquez, A. M., Riol
Blanco, D., Sanchez Lamas, R., Sampedro Viejo, A. M., & Santos Gonzalez, D. (2011).
Disefio afectivo e ingenieria kansei Guia metodologica. Gijon (Spain): Fundacion
PRODINTEC.

Fischer, S. (2020). Examining the incidence of intuitiveness and cognitive-affective atates in
the kansei and rating of mobile Apps. In G. Di-Bucchianico, C. Sungsoo-Shin, S. Shim,
S. Fukuda, G. Montagna, & C. Carvalho (Eds.), | Proceedings of the AHFE 2020 Virtual
Conferences on Design for Inclusion, Affective and Pleasurable Design, Interdisciplinary
Practice in Industrial Design, Kansei Engineering, and Human Factors for Apparel and
Textile Engineering (pp. 669—675). doi:10.1007/978-3-030-51194-4 87

Fu, Q. Lv, d., Tang, S., & Xie, Q. (2020). Optimal design of virtual reality visualization interface
based on lansei engineering image space research. Symmetry, 12(10), 1722.
doi:10.3390/sym12101722

Fukumoto, M., & Hanada, Y. (2019). A proposal for creation of beverage suited for user by
blending juices based on interactive genetic algorithm. 2019 IEEE International
Conference on  Systems, Man and Cybernetics (SMC), 1104-1109.
doi:10.1109/SMC.2019.8914494

Gan, Y., Ji, Y., Jiang, S., Liu, X,, Feng, Z., Li, Y., & Liu, Y. (2021). Integrating aesthetic and
emotional preferences in social robot design: An affective design approach with Kansei
Engineering and Deep Convolutional Generative Adversarial Network. International
Journal of Industrial Ergonomics, 83, 103128. doi:10.1016/j.ergon.2021.103128

Goodfellow, I., Bengio, Y., & Courville, A. (2016). Deep learning. Retrieved from
www.deeplearningbook.org

Guo, F., Liu, W. L., Cao, Y., Liu, F. T., & Li, M. L. (2016). Optimization design of a webpage
based on kansei engineering. Human Factors and Ergonomics in Manufacturing &
Service Industries, 26(1), 110-126. doi:10.1002/hfm.20617

Guo, F., Qu, Q.-X., Nagamachi, M., & Duffy, V. G. (2020). A proposal of the event-related
potential method to effectively identify kansei words for assessing product design
features in kansei engineering research. International Journal of Industrial Ergonomics,
76, 102940. doi:10.1016/j.ergon.2020.102940

Hadiana, A. (2018). Study of application interface based on user’s perception using kansei
approach. 2018 International Conference on Computer, Control, Informatics and Its
Applications (IC3INA), 124—-128. doi:10.1109/IC3INA.2018.8629515

Hartono, M. (2020). The modified Kansei Engineering-based application for sustainable
service design. International Journal of Industrial Ergonomics, 79, 102985.
doi:10.1016/j.ergon.2020.102985

Heidegger, M. (2009). Sein und Zeit (Ser y Tiempo). Madrid (Spain): Trotta.

Ishihara, S., Nagamachi, M., Matsubara, T., Ishihara, K., Morinaga, K., & Ishihara, T. (2020).
2D FFT and Al-based analysis of wallpaper patterns and relations between kansei BT -
Advances in affective and pleasurable design. In S. Fukuda (Ed.), AHFE 2019: Advances
in Affective and Pleasurable Design (pp. 329-338). doi:10.1007/978-3-030-20441-9_35

810



26" International Congress on Project Management and Engineering
Terrassa, 5"-8™ July 2022

Jiang, W., Zhang, K., Zhao, W., & Guo, X. (2021). Fuzzy evaluation of kansei attributes using
convolutional neural networks. Volume 2: 41st Computers and Information in Engineering
Conference (CIE), 1-8. doi:10.1115/DETC2021-69567

Jiao, Y., & Qu, Q.-X. (2019). A proposal for Kansei knowledge extraction method based on
natural language processing technology and online product reviews. Computers in
Industry, 108, 1-11. doi:10.1016/j.compind.2019.02.011

Kang, X. (2021). Combining rough set theory and support vector regression to the sustainable
form design of hybrid electric vehicle. Journal of Cleaner Production, 304, 127137.
doi:10.1016/j.jclepro.2021.127137

Kaplan, A., & Haenlein, M. (2019). Siri, Siri, in my hand: Who's the fairest in the land? On the
interpretations, illustrations, and implications of artificial intelligence. Business Horizons,
62(1), 15-25. doi:10.1016/j.bushor.2018.08.004

Kikumoto, M., Kurita, Y., & Ishihara, S. (2021). Kansei engineering study on car seat lever
position.  International  Journal  of Industrial  Ergonomics, 86, 103215.
doi:10.1016/j.ergon.2021.103215

Kittidecha, C., & Yamada, K. (2018). Application of Kansei engineering and data mining in the
Thai ceramic manufacturing. Journal of Industrial Engineering International, 14(4), 757—
766. doi:10.1007/s40092-018-0253-y

Kobayashi, M., & Fujita, S. (2021). Aesthetic design based on the analysis of questionnaire
results using deep learning Techniques. CAD’21 Proceedings, 344-348.
doi:10.14733/cadconfP.2021.344-348

Lai, X., Zhang, S., Mao, N., Liu, J., & Chen, Q. (2022). Kansei engineering for new energy
vehicle exterior design: An internet big data mining approach. Computers & Industrial
Engineering, 165, 107913. doi:10.1016/j.cie.2021.107913

Laohakangvalvit, T., Achalakul, T., & Ohkura, M. (2017). A Proposal of model of kawaii
feelings for spoon designs. In M. Kurosu (Ed.), Human-Computer Interaction. User
Interface Design, Development and Multimodality. HCI 2017 (pp. 687-699).
doi:10.1007/978-3-319-58071-5_52

Li, X., Su, J., Zhang, Z., & Bai, R. (2021). Product innovation concept generation based on
deep learning and Kansei engineering. Journal of Engineering Design, 32(10), 559-589.
doi:10.1080/09544828.2021.1928023

Li, Y., Shieh, M.-D., & Yang, C.-C. (2019). A posterior preference articulation approach to
Kansei engineering system for product form design. Research in Engineering Design,
30(1), 3—19. doi:10.1007/s00163-018-0297-4

Li, Y., & Zhu, L. (2020). Extracting knowledge for product form design by using multiobjective
optimisation and rough sets. Journal of Advanced Mechanical Design, Systems, and
Manufacturing, 14(1), JAMDSMO0009-JAMDSMO0009.
doi:10.1299/jamdsm.2020jamdsm0009

Li, Z., Tian, Z. G., Wang, J. W., & Wang, W. M. (2020). Extraction of affective responses from
customer reviews: an opinion mining and machine learning approach. International
Journal of Computer Integrated Manufacturing, 33(7), 670-685.
doi:10.1080/0951192X.2019.1571240

Li, Z., Tian, Z. G., Wang, J. W., Wang, W. M., & Huang, G. Q. (2018). Dynamic mapping of
design elements and affective responses: a machine learning based method for affective
design. Journal of Engineering Design, 29(7), 358-380.
doi:10.1080/09544828.2018.1471671

Li, Zairan, Shi, K., Dey, N., Ashour, A. S., Wang, D., Balas, V. E., McCauley, P., & Shi, F.
(2017). Rule-based back propagation neural networks for various precision rough set
presented KANSEI knowledge prediction: a case study on shoe product form features
extraction. Neural Computing and Applications, 28(3), 613—630. doi:10.1007/s00521-
016-2707-8

Liu, X., Zhou, M., Li, C., Ma, X., & Wang, Z. (2019). Study on the Morphological Sensitivity of
Children’s Companion Robot. In A. Marcus & W. Wang (Eds.), Design, User Experience,
and Usability. User Experience in Advanced Technological Environments. HCIl 2019.

811



26" International Congress on Project Management and Engineering
Terrassa, 5"-8™ July 2022

Lecture Notes in Computer Science (pp. 241-252). doi:10.1007/978-3-030-23541-3_18

Lozano, R., Merrill, M., Sammalisto, K., Ceulemans, K., & Lozano, F. (2017). Connecting
competences and pedagogical approaches for sustainable development in Higher
Education: A Literature Review and Framework Proposal. Sustainability, 9(10), 1889.
doi:10.3390/su9101889

Luque, A., De Las Heras, A., Avila-Gutiérrez, M. J., & Zamora-Polo, F. (2020). ADAPTS: An
intelligent sustainable conceptual rramework for engineering projects. Sensors, 20(6),
1553. doi:10.3390/s20061553

Mat Razali, N. A., Agilah Md Saad, N. J., Ishak, K. K., & Hasbullah, N. A. (2019). Fear appeal
inducement in pop up design for IS procedure compliance. 2019 2nd International
Conference on Communication Engineering and Technology (ICCET), 17-22.
doi:10.1109/ICCET.2019.8726892

Nagamachi, M. (1992). Kansei engineering and its method. Management System, 2(2), 97—
105.

Nagamachi, M. (2010). Kansei/affective engineering (Nagamachi, Ed.).
doi:10.1201/EBK1439821336

Nagamachi, M, & Lokman, A. M. (2010). Innovations of kansei engineering.
doi:10.1201/EBK1439818664

Palmer, R. E. (1969). Hermeneutics: Interpretation Theory in Schleiermacher, Dilthey,
Heidegger, and Gadamer. Evanston, US: Northwestern University Press.

Portugal, 1., Alencar, P., & Cowan, D. (2018). The use of machine learning algorithms in
recommender systems: A systematic review. Expert Systems with Applications, 97, 205—
227. doi:10.1016/j.eswa.2017.12.020

Quan, H., Li, S., & Hu, J. (2018). Product innovation design based on deep learning and kansei
engineering. Applied Sciences, 8(12), 2397. doi:10.3390/app8122397

Sakornsathien, K., Sinthupinyo, S., & Anuntavoranich, P. (2019). Application of kansei
engineering and data mining in developing an ingenious product co-design system.
International Journal of Machine Learning and Computing, 9(1), 67-74.
doi:10.18178/ijmlc.2019.9.1.767

Schutte, S. (2005). Engineering emotional values in product design. Linkdpings Universitet.

Sejima, Y., Sato, Y., & Watanabe, T. (2021). A body contact-driven pupil response pet-robot
for enhancing affinity. Journal of Advanced Mechanical Design, Systems, and
Manufacturing, 15(5), 2021jamdsm0061. doi:10.1299/jamdsm.2021jamdsm0061

Shieh, M.-D., Li, Y., & Yang, C.-C. (2018). Comparison of multi-objective evolutionary
algorithms in hybrid Kansei engineering system for product form design. Advanced
Engineering Informatics, 36, 31—-42. doi:10.1016/j.aei.2018.02.002

Shinoda, K., Noda, H., Ohtomi, K., Yamada, T., & Akedo, J. (2019). Promotion of knowledge
and technology transfer towards innovative manufacturing process: Case study of new
hybrid coating process. International Journal of Automation Technology, 13(3), 419-431.
doi:10.20965/ijat.2019.p0419

Shirafuji, S., Ogata, T., Huang, Z., Matsui, N., Ueda, T., Maeda, J., Kitakima, Y., Kawai-Pak,
M., Umeda, Y., Yanagisawa, H., & Ota, J. (2018). Study of design factors for transfer-aid
equipment based on caregivers’ feelings. Journal of Advanced Mechanical Design,
Systems, and Manufacturing, 12(1), 1-13. doi:10.1299/jamdsm.2018jamdsm0013

Su, Z,, Yu, S., Chu, J., Zhai, Q., Gong, J., & Fan, H. (2020). A novel architecture: Using
convolutional neural networks for Kansei attributes automatic evaluation and labeling.
Advanced Engineering Informatics, 44, 101055. doi:10.1016/j.aei.2020.101055

Suzuki, H., Yamada, A., Tobitani, K., Hashimoto, S., & Nagata, N. (2019). An automatic
modeling method of kansei evaluation from product data using a CNN model expressing
the relationship between impressions and physical features. HCI International 2019 -
Posters, 86-94. doi:10.1007/978-3-030-23522-2_12

Teles, G., Rodrigues, J. J. P. C., Saleem, K., Kozlov, S., & Rabélo, R. A. L. (2020). Machine
learning and decision support system on credit scoring. Neural Computing and
Applications, 32(14), 9809—9826. doi:10.1007/s00521-019-04537-7

812



26" International Congress on Project Management and Engineering
Terrassa, 5"-8™ July 2022

Wang, C.-H., & Chin, H.-T. (2017). Integrating affective features with engineering features to
seek the optimal product varieties with respect to the niche segments. Advanced
Engineering Informatics, 33, 350—359. doi:10.1016/j.aei.2016.10.002

Wang, J., Wang, W. M., Tian, Z., & Li, Z. (2018). Classification of multiple affective attributes
of customer reviews: Using classical machine learning and deep learning. Proceedings
of the 2nd International Conference on Computer Science and Application Engineering,
1-5. doi:10.1145/3207677.3277953

Wang, T., Sun, X., Zhou, M., & Gao, X. (2021). Construction of a novel production develop
decision model based on text mined. In M. M. Soares, E. Rosenzweig, & A. Marcus
(Eds.), Design, User Experience, and Usability (pp. 128—-143). doi:10.1007/978-3-030-
78221-4_9

Wang, T., & Zhou, M. (2020). A method for product form design of integrating interactive
genetic algorithm with the interval hesitation time and user satisfaction. International
Journal of Industrial Ergonomics, 76, 102901. doi:10.1016/j.ergon.2019.102901

Wang, W. M., Wang, J. W, Li, Z., Tian, Z. G., & Tsui, E. (2019). Multiple affective attribute
classification of online customer product reviews: A heuristic deep learning method for
supporting Kansei engineering. Engineering Applications of Artificial Intelligence, 85, 33—
45. doi:10.1016/j.engappai.2019.05.015

Wei, Y. (2019). Form factors of modeling language under different color schemes with grey
relational analysis based on entropy method. International Journal of Pattern Recognition
and Atrtificial Intelligence, 33(08), 1950011. doi:10.1142/S0218001419500113

Xue, L., Yi, X,, & Zhang, Y. (2020). A hybrid approach of the product image design of train
seats based on kansei engineering theory. International Journal of Innovative Computing,
Information and Control, 16(3), 813-829. doi:10.24507/ijicic.16.03.813

Yang, M., Lin, L., Chen, Z., Wu, L., & Guo, Z. (2020). Research on the construction method of
kansei image prediction model based on cognition of EEG and ET. International Journal
on Interactive Design and Manufacturing (IJIDeM), 14(2), 565-585. doi:10.1007/s12008-
020-00651-2

Yang, Y., Shi, J., & Wang, G. (2020). An integrated framework of product kansei decision-
making based on hesitant linguistic fuzzy term sets. In C. Stephanidis, A. Marcus, E.
Rosenzweig, P.-L. Patrick Rau, A. Moallem, & M. Rauterberg (Eds.), HCI International
2020 — Late Breaking Papers User Experience Design and Case Studies (pp. 352—366).
doi:10.1007/978-3-030-60114-0_24

Yeh, C.-T., & Chen, M.-C. (2018). Applying Kansei Engineering and data mining to design
door-to-door delivery service. Computers & Industrial Engineering, 120, 401-417.
doi:10.1016/j.cie.2018.05.011

Yeh, Y.-E. (2020). Prediction of optimized color design for sports shoes using an Artificial
neural network and genetic algorithm. Applied Sciences, 10(5), 1560.
doi:10.3390/app10051560

Zamora-Polo, F., Luque-Sendra, A., Aguayo-Gonzalez, F., & Sanchez-Martin, J. (2019).
Conceptual framework for the use of building information modeling in engineering
education. International Journal of Engineering Education, 35(3).

Zamora-Polo, F., & Sanchez-Martin, J. (2019). Teaching for a better world. Sustainability and
Sustainable Development Goals in the construction of a change-maker university.
Sustainability (Switzerland), 11(15). doi:10.3390/su11154224

Zamora-Polo, F., De Las Heras, A., & Luque-Sendra, A. (2021). Kansei Evaluation of various
means of transportation by students of the Polytechnic School (University of Seville). In
AEIPRO (Ed.), Proceedings of the 25th International Congress on Project Management
and Engineering (pp. 806-819). Retrieved from
http://dspace.aeipro.com/xmlui’handle/123456789/2939

Zhang, X., Yang, M., Su, J., Yang, W., & Qiu, K. (2020). Research on product color design
decision driven by brand image. Color Research & Application, 45(6), 1202-1216.
doi:doi:10.1002/col.22540

Zhu, Z., Cao, H., & Li, B. (2017). Research on logo design and evaluation of youth education

813



26" International Congress on Project Management and Engineering
Terrassa, 51-8" July 2022

brands based on visual representation. Journal of Product & Brand Management, 26(7),
722-733. doi:10.1108/JPBM-08-2016-1287

Zuo, Y., & Wang, Z. (2020). Subjective product evaluation system based on Kansei
Engineering and analytic hierarchy process. Symmetry, 12(8), 1340.
doi:10.3390/sym12081340

Communication aligned with the

Sustainable Development @
> o
Objectives QE%JESEIFE%‘ELE’

SOSTENIBLE

814


https://www.un.org/sustainabledevelopment/es/objetivos-de-desarrollo-sostenible/



