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bstract

This study aims to compare the distribution of semantic differential scale results, both discrete and analog, used

in Kansei Engineering studies. Previous research shows that observers have a tendency to choose the extreme
ends of Likert or discrete semantic differential rating scales. Conventionally, the discrete semantic differential rating
scale is used in Kansei Engineering and the above-mentioned tendency may affect the result of studies. Non-normality of
the distribution can be an indicator of the presence of error and bias in that method and mitigate its validity. The data
was collected through a Kansei Engineering process using a real-world case study of reception chairs. The distribution
of the results for both rating scales can be considered normal, hence, the previous researches’ achievements are not valid
in the field of Kansei Engineering. This may be due to the ability to compare each answer with others, even implicitly,
which is possible in the Kansei form. The results show that the difference between the average scores of the two rating
scales is significant (t-test, p < 0.05), warranting further investigation.
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I ntroduction

Designing based on human emotion is crucial for creating products that resonate deeply with consumers.
Emotions play a significant role in our decision-making processes, often influencing our choices more than
purely rational factors. By understanding and incorporating emotional responses into design, we can create
products that not only meet functional needs but also evoke positive feelings, enhance user experiences,
and foster brand loyalty. This approach recognizes that successful design is not just about aesthetics or
practicality; it’s about creating meaningful connections with users on an emotional level (Nagamachi, 1995).

As various sections of industries realized the power of emotional connections in driving consumer behavior
and building brand loyalty, they began to adopt Kansei/Affective Engineering to create products that stood
out in the competitive marketplace. This approach has become increasingly important in industries like
automotive, consumer electronics, and interior design, where emotional appeal can significantly influence
consumer preferences (Nagamachi, 1999).

Kansei Engineering was developed in Japan to translate consumers’ feelings about the product into specific
design decisions (Nagamachi, 1995). KE utilizes statistical techniques to analyze customer feedback and
identify key relationships between subjective preferences and objective product attributes. Kansei
Engineering benefits from a modified version of the semantic differential method in data collection
processes (Nagamachi, 2010). [Semantic differential] Five points (five bipolar pairs of adjectives) have
been proven to yield reliable findings, which highly correlate with alternative Likert numerical measures
of the same attitude (Osgood, 1957). Developing self-report Likert scales is essential to modern psychology
(Jebbetal., 2021). Likert scaling, introduced by Rensis Likert, is the most widely used method of measuring
personality, social, and psychological attitudes. The popularity of Likert scales can be traced to several
factors, including ease of construction, intuitive appeal, adaptability, and usually good reliability (Hodge
& Gillespie, 2003).

Likert response surveys are widely applied in marketing, public opinion polls, epidemiological, and
economic disciplines. Theoretically, Likert mapping from real-world beliefs could lose significant amounts
of information, as they are discrete categorical metrics. Arguments and counterexamples are provided to
show how this loss and bias can potentially be substantial under extreme polarization or strong beliefs held
by the surveyed population, and where the survey instruments are poorly controlled. The discussion and
conclusions argue that further revisions to survey protocols can ensure that information loss and bias in
Likert-scaled data are minimal (\Westland, 2022).

One important problem in the measurement of non-cognitive characteristics such as personality traits and
attitudes is that it has traditionally been made through Likert scales, which are susceptible to response biases
such as social desirability (SDR) and acquiescent (ACQ) responding. Response-style-induced errors of
measurement can affect the reliability estimates and overestimate convergent validity by correlating higher
with other Likert-scale-based measures (Kreitchmann et al., 2019).

The study of chairs as a case study in Kansei Engineering (KE) has a rich historical context, both in
conventional and novel methodologies. Hsu et al. (2017) explored the induction of Kansei (affect) from
3D-rendered chair forms, employing eye tracking techniques as an alternative to the traditional Kansei
Engineering procedure. Notably, this research team had previously utilized semantic differential scales in
their investigations with the same case study. Zhou et al. (2023) presented a Kansei engineering study on
electric recliner chairs, introducing a novel computational method.

While their data collection approach remained conventional, their computational work aimed to address the
limitations of the semantic differential method. This research was conducted on reception chairs because
its samples were diverse on online shops enabling researchers to select more real and suitable images of
products for every permutation of items and categories in the KE.
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This research aims to address one of the most critical accuracy aspects of the Kansei Engineering process
which is collecting consumers’ emotions when dealing with products.

Kansei Engineering could be used to identify which design characteristics influence users’ perception of
whether or not a design is modern (Tama et al., 2015). The word modern is an instance of an adjective, any
adjective can be replaced. Kansei decomposition is used to link the desired perceptions of a design with
senses and engineering characteristics, so this decomposition identifies which engineering decisions may
affect user perception of a design (Ayas, 2011). In the terminology of Kansei engineering, an item implies
the design item of the sample product, and a category means the detail of the design item. For instance,
color, shape, size, roundness, and so forth are examples of items; and red, yellow, green, blue, and so forth
are the categories for the color item. The Kansei/affective engineer should be very careful of the sample
product’s items and categories (Nagamachi, 2010).

The accuracy and validity of a rating scale have been among the most important concerns of all researchers,
so they proposed different methods to address this concern.

Kusmaryono et al. (2022) through 60 published surveys by a systematic literature review concluded the use
of a rating scale with an odd number of responses of more than five points (especially on a seven-point
scale) is the most effective in terms of reliability and validity coefficients. Based on their output they noticed,
the presence of response bias and central tendency bias can affect the validity and reliability of the use of
the Likert scale instrument.

Magdolen et al. (2024) addressed the challenge of ensuring response quality when using item sets with
Likert scales in travel surveys. They found a lack of having a universal indicator, they applied several
different indicators, compared the results, and developed a new indicator based on correlations which
encounter plausible straight lining.

In the field of Kansei Engineering, several exceptional ideas have also been proposed. Shutte and Eklund
(2010) introduced an online platform for the Kansei engineering data collection step. They used VAS
instead of the Likert scale in the semantic differential method. Betella and VVerschure (2016) proposed a
modified version of the Self-Assessment Manikin (SAM) rating scale which is called the Affective Slider
(AS). AS is a digital self-reporting tool composed of two slider controls for the quick assessment of pleasure
and arousal. Fernandes and Yamanaka (2020) presented the Affective Impressions Scale (AlS), a dedicated
tool to measure the Affective Accuracy and Affective Synchrony levels of peers in a group.

One of the principle tenets in constructing instruments is that items be as clear and concise as possible. The
more items are characterized as cognitively complex, the more likely respondents are to misunderstand the
question and answer incorrectly. Even small differences in wording can increase the level of cognitive noise
and dramatically alter response patterns (Hodge & Gillespie, 2003).

In practice, most participants in Likert surveys cluster to the extremes. The distribution of responses
displays a characteristic W shape, with most participants clustering toward the extremes, some expressing
indifference, and few in between. Most researchers agree that the W shape does not display the true
distribution of preferences, which in reality is most likely a bell-shaped or normal curve (Posner & Weyl,
2018). Jacoby and Matel (1971) mentioned: Based upon the evidence adduced thus far, reliability should
not be a factor in determining a Likert-type scale rating format, because it is independent of the number of
scale steps employed. They compared the results of a survey in three-steps and five-steps Likert scales.
There was no significant difference in the results. The result of that experiment supports Posner’s claim.

In order to compare the discrete semantic differential with another rating scale, the Visual Analog Rating
Scale (VAS) is selected, since VAS is applied to a considerable number of KE research and Dourado et al.
(2021) reported the VAS could distinguish non-moderate pleasant emotions induced in observers by images
and photos, in comparison to Likert.
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The focus of this paper is the second aforementioned problem and the aim is comparing the results of the
VAS and Likert. If there was a significant difference in the distributions between the two groups, we
propose that researchers use the semantic differential method with a VAS rating scale.

M aterial and Methods

The case study of the research is reception chairs. We assumed every reception chair can be imagined by
three items: backrest, seat, and arm (Figure 1). The items are selected based on the features table for this
type of chair, in an online shopping platform. For every item some categories are assumed which are
presented in Table 1, these categories are the most repeated categories for each item in the online shopping

platform.
\
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Figure 1: Three items for the current research: Backrest, Seat, Arm.

As presented in Table 1; two categories for the backrest, three categories for the seat, and two categories
for the arm are considered for the current research. It means 12 samples (2*3*2 = 12) must be presented to
observers. As it is noted in the first section, samples must be selected from the already existed products in
the market. Three combinations (three samples) of the mentioned categories could not be found in Iran’s
online market (not found samples: b2alsl, b2als3, b2a2 s3). It seems that chairs with a half backrest are
not popular in Iran’s market and are not offered to the market by manufacturers. Although it impacts the
design process in generalizing the results of such KE process, it does not affect the outcome of this research.
The presented samples to observers are presented in Table 2.

Table 1: The list of items and categories.

# Item Categories
1 Backrest Whole (B1), Half (B2)

2 Arm With (A1), without (A2)

3 Seat Plastic (S1), with pillow (S2), with thick pillow (S3)

Through a web engineering technique — it is called scraping - all customers’ reviews for this type of chair
were fetched from the online shopping platform. Commonly used adjectives were filtered and through the
most famous Persian online dictionary (Moin Encyclopedic Dictionary) for every filtered adjective, one
contradictory adjective was found. Eventually, eleven paired contradictory adjectives were presented to
observers. Table 3 includes the adjectives in Persian and their English translation.
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Table 2: The list of items and categories.

Marker Images Marker Images Marker Images

B1A1S1 B1A2S1 B2A1S2

B1A1S2 B1A2S2 B2A2S1

'
»ﬂ
B1A1S3 N B1A2S3 B2A2S2 @

All the samples and adjectives are presented to the observers through an online platform (www.kansei.ir)
which was developed by the researchers for this purpose. The platform has two types of rating scales that
are discussed in the paper. Figure 2 is presenting an image of the platform in both situations. Every user
filled the form with randomly ordered samples, while the order of adjectives was the same for all users.

Table 3: Kansei words (adjectives).

English Persian
Intimate — Formal ) - e
Ugly — Beautiful W) — by

Punk - Stylish Sh - usd
Fragile - Resistant o slie — oaiiSE
Soothing - Stressful | 3RS — (i el
Ergonomic — Not ergonomic M e alsh o Jsal o)k
Modern — Classic DS —
Fake — Original Joal — S
Clumsy - Elegant ko)
Decorative - Applicable GRS — 5
Deformed — Eye-catching Slsiada - JSE Y

49 participants in two groups filled out the forms. The first group, filled the form with a Likert rating scale
(n=26, average of ages = 24, SD=3.3), The second group, filled out another type of form with a VAS rating
scale (n=23, average of ages=25, SD =3.8). All participants were design students in Iran universities, which
found the forms (the link) in their classroom online forums. The methodology of sampling in the current
paper is considered as simple random sampling.
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Figure 2: Left: A sample of the Likert rating scale in Kasnei.ir platform. Right: A sample of the VAS rating scale in Kansei.ir platform.

Results

Figure 3 presents the distributions of scores in both methods. The VAS scores were categorized into five
groups (every group includes 20 consecutive scores). Unlike the semantic differential data, a notable dip
was found in the centric category of the VAS graph.

A t-test is done on the average score on products between two categories. The result shows a significant
difference between the two groups (p-value < .05).
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Figure 3: The left chart represents the distribution of scores using the Likert method. The right chart represents the score using the VAS
method. The Y-axis in both graphs represents the frequencies of every score and the X-axis in the right graph represents the scores
between 0 and 100 in five clusters.

Table 4 presents the results of the above-mentioned survey. Each chart represents the average users’ score
in two different methods, the dashed line shows the result of the Likert method, while the straight line
represents the VAS method. The last column of every chart is the average of all scores for the product. The
result of the Likert method is scaled from 0-5 to 0-100, In order to display both groups in one graph.

For every item t-test was applied separately and the result of none of them showed a significant difference.
This is in contrast to what we observe when running a t-test on the mean of all data at once.
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Table 4: The dashed blue lines represent the result of the Likert method and the green line presents VAS method. The Y -axis shows
the average score from 0 to 100. The x-axis is the list of Kansei words. The Kansei words (in order of x-axis): intimate-formal,
ergonomic-not ergonomic, deformed-eye-catching, decorative-applicable, Clumsy-elegant, fake-original, modern-classic, soothing-
stressful, fragile-resistant, punk-stylish, Ugly-Beautiful, average.

B1A1S1 B1A2S1
B1A2S2 B1A1S2
-he, J:: S T T
B1A1S3 B1A2S3
B2A2S1 B2A1S2
B2A2S2
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Discussion

As can be seen in Figure 3, the distribution of scores in the Likert method is almost normal, contrary to
what Posner and Wey!| (2018) that the Likert’s survey distribution should be w-like. However, it seems that
Posner’s assumption is based on the gap instinct, the result of the current research shows that Posner’s
assumption is not true in the field of Kansei Engineering. It is possible that this phenomenon occurs in the
field of economics and other behavioral science studies.

The choice of methodology plays a pivotal role in recognizing participants” emotions and the later inference.
While Likert scales may introduce a certain level of categorical bias, VAS provides a continuous range that
might capture more precise distinctions but could also be inclined to usability biases (these biases occur
when observers’ responses are shaped by the rating scale rather than their true opinions), as seen in the
present study.

In Table 4, the dashed blue lines represent the result of Likert and the straight green lines represent the
VAS. In almost all averages of adjectives’ scores for each product, the score of the Likert method was
greater than in the VAS method, Although the general trends for both rating scales are the same for different
adjectives.

The result of the t-test for whole data points of Likert and VAS scores shows a significant difference. We
claim that the difference is due to the variance in accuracies between these two methods. It means if we
increase the number of Likert inputs to 7 or 9, the accuracy increases, and the difference between the two
groups reduces. The significant difference identified by the t-test between the two groups suggests that at
least one of the two rating scales is flawed, if not both. Since a definitive baseline cannot be established for
such subjective assessments, their accuracy cannot be fully evaluated. However, the discrepancy between
the two rating scales indicates that at least one of them contains errors.

Strangely, the distribution chart of the VAS scores is M-like. Scores in the range from 40 to 60 were less
than expected. We claim the reason for this occurrence is a bias that could have arisen because of the default
mode in the survey VAS version. The dip in the central category of the VAS graph may be attributed to the
initial presence of a green button in the middle of the scale (In Figure 2, the right image). This visual cue
might have influenced users to believe that moving the button was necessary for their input to be recorded.
Consequently, even if their opinion aligned with the central category, they might have felt compelled to
adjust the button. In future experiments, the green button could be designed to appear only after a user
clicks on the scale, thereby mitigating this potential bias.

The study used a relatively small sample size (49 observers) and focused on design students. While this
provides valuable insights, it's important to consider how these findings might translate to a broader
population. Future studies could explore how scores differ with larger and more diverse participant pools,
including non-design students and individuals from different age groups.

The study compared Likert and VVAS scales, but other Kansei Engineering studies utilize different methods,
such as Fuzzy Measures. Investigating these alternative approaches in future research could reveal
additional insights into user perception and potentially identify a method that produces more consistent or
nuanced results. For example, Q-sorting, Repertory Grid Technique, Picture Sorting Task.

While the current study utilized images of reception chairs, other studies may require different types of
stimuli, such as physical prototypes, virtual reality experiences, or audio recordings. The choice of stimuli
should be carefully considered to ensure that it accurately represents the product or concept being evaluated
and elicits meaningful responses from participants. Additionally, it is crucial to control for factors such as
the order in which stimuli are presented and the context in which they are viewed, as these variables can
influence participant responses.
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Conclusion

This Kansei Engineering study examined the perception of reception chairs using Likert and VAS rating
scales. The findings revealed significant differences between the two rating methods, suggesting that the
choice of scale can influence the results. Since the primary objective of this research was not merely to
demonstrate differences between the two evaluation methods, as t-test results are evident conducting Kansei
engineering using different evaluation methods can yield varying results.

Although it was claimed that the distribution of scores in the Likert surveys is not normal, the result of the
current experiment shows the Likert version of the semantic differential is working well in the Kansei
Engineering data collection step. In addition, the results of this research suggest the possibility of better
accuracy in the semantic differential VAS version in comparison with the Likert version, however, the
distribution of the VAS version was not normal.

Future research could explore the impact of sample size, user demographics, different set of Kansei words,
and alternative rating scales on study outcomes. Evaluating various rating scales against diverse product
categories would provide deeper insights into biases and errors. The M-like distribution of the VAS results
can be further explored using an experimental setup that either eliminates default values or incorporates
different random values as defaults. Furthermore, investigating the influence of stimuli type and
presentation context could provide additional insights into the methodology of Kansei Engineering. By
addressing these areas, researchers can enhance the reliability and generalizability of Kansei Engineering
studies, contributing to the development of more user-centered and emotionally resonant product designs.
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