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Abstract: This paper is concerned with the empirical development of a scale to measure tactile
interaction based on users’ experience with fabric seats. Volunteers slid their fingertips over
samples of fabric, giving their ratings against kansei statements. Physical interaction was
established by the friction coefficient of the contact measured through two different devices. Firstly,
a commercially available metallic probe was used. The mechanism is designed to collect data within
the frequency range that can be perceived by humans. Secondly, a tactile tribometer using a
multiple layer model to mimic human characteristics was used. Scales of measurement were
established through the Rasch model. As a result, a linear metric was obtained for samples of fabric,
which allowed the alignment of the responses with the physical properties associated with the
materials’ roughness and coefficient of friction.
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1. INTRODUCTION

The development of new tactile features for fabric of car seats requires better understanding of
the kansei attributes associated with the users’ experience. However, these underlying attributes
solely exist as an element of a premise or a concept, called latent trait or construct, such as
attractiveness or pleasantness. Those attributes cannot directly be measured and inferences based
on their assessment are error-prone. One solution to overcome the difficulties for a more reliable
interpretation of numerical outcomes is to establish theory-driven scales of measurement.

This paper is concerned with an empirical study to develop a scale for users’ impressions when
they touch samples of fabric using Rasch measurement theory. The construct being measured is the
users’ distinctiveness of different textures and materials of fabric based on kansei attributes. The aim
is to demonstrate that a quantitative correspondence between a scale for kansei responses and a
scale for physical characteristics related to the surfaces’ roughness can be established.
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Physical interaction with the pieces of fabric was conceptualized in the study by the friction
coefficient obtained through two mechanical devices designed for simulating the human fingertip
friction. One of the mechanisms was a commercially available metallic probe designed to collect
data within the frequency range that can be perceived by humans. The other mechanism was a
tactile tribometer designed to mimic human characteristics. We adopted this approach to obtain
frictional forces instead of touch-feel data from real people because a mechanical device could
serve the purpose of a useful benchmark (Shao et al., 2009). It is noteworthy that the devices were
used as two different alternatives to collect physical data. Nevertheless, the comparison of
performance between the two devices was not part of the study’s scope.

In the investigation we used techniques based on kansei engineering to establish stimulus
statements (Nagamachi, 2008). Kansei responses were subsequently transformed into objective
measures using a rationale based on the Rasch model (RM) (Andrich, 1988). Objective measures
are obtained when the comparison between a pair of variables is independent of the particular
sample of persons taken as instrumental and the relative difference between any two persons is
independent of the relevant variables taken as elements of comparison (Andrich, 1988). The RM
refers to a family of probabilistic models that provide mechanisms to test the hypothesis that the
observations meet the necessary assumptions for objective measurement.

The results have suggested that objective measures can be established for fabric seats after
calibration of the scales. Furthermore, the calibrations developed in the research allowed the
association of the coefficient of friction (COF) and characteristics of roughness of the materials with
the kansei responses based on users’ experience.

2. KANSEI RESPONSES

Different aspects of the materials used in fabric of car seats ought to be considered when
developing new features. One of them is the contribution of sensory information from the physical
contact along with the users’ impressions of an underlying attribute of the product, called kansei
responses in this study.

The most common framework for eliciting kansei responses to design elements is to identify
adjectives that people use to describe the product and embody them into self-report questionnaires.
A number of consumers are asked to give a rating of the degree to which each word describes a
range of products. The responses to the questionnaires are turned into a measure of kansei
responses using statistical techniques such as principal component analysis (PCA).

However, such procedures aggregate a considerable amount of inaccuracies in the measurement
process. Inaccuracies can in many cases be associated with biased scales influenced by
differences of sex, age groups and cross-cultural preferences, difficulty in establishing equal interval
in scales, and qualitative dimensions identified in a study, which are subject to circumstances of
sampling (Camargo and Henson, 2012). Consequently, it is difficult to interpret the results beyond
the considered sample, limiting the understanding of a more general human—product interaction.

2.1. Measurement of kansei responses using the Rasch model

Although less familiar than the classical statistical approaches, Camargo and Henson (2011)
have demonstrated that the RM can succeed in dealing with some shortcomings associated with
the inaccuracies in the kansei measurement process. Following the Rasch modelling approach,
persons’ responses are turned into objective measures by calibrating a scale with targeted kansei
words or statements established as a yardstick.



The RM is a probabilistic approach that yields interval measures and examines the alignment of
those measures against scientific measurement principles based on additivity, a constant unit and
invariant comparisons. The RM predicts response probabilities from two independent parameters,
one for estimation of items, referred to as kansei words or statements henceforth, and another one
for estimation of persons on the same scale.

The model embodies two key assumptions. The first assumption is that the response of a person
to an item must not interfere with his or her response to another item within the same scale. The
second assumption is that the scale ought to be unidimensional.

A number of RMs have been used in different applications. Camargo and Henson (2012) have
adapted for applications in KE the many-facet Rasch model developed by Linacre (1989). Thus,
assuming that the data fit the model, it is possible to transform a categorical scale into an interval
level with the logit as unit of measurement.

3. METHOD

A two-stage experiment was designed to demonstrate the quantitative correspondence between
users’ kansei responses and physical characteristics of some pieces of fabric. The first stage was
used for calibrating a kansei metric and the second stage for collecting physical data.

We firstly established a preliminary pool of words to express the users’ experience associated with
touch. Based on the understanding of the product context, 98 kansei words were obtained from
catalogues of manufacturers, online consumers’ reviews, advertisement and scientific literature.
Subsequently, we selected a pool of 15 statements as relevant to the application (Table 1).

Table1: Preliminary pool of kansei statements.

Code Kansel statements (items)
1 Thisisasmooth fabric wHEMNTH D
2 This fabric feels elastic B MEN B D
3 Thisfabric is soft R H NV
4 Thisfabric feelswarm e 72» 2 05 & %
5 Thisfabric feels wet o xndd
6 Thisfabric feels relaxing EHEWREERLUNT D
7 I think this fabric is functiona WARER 72 L B D
8 Thisisahigh quality fabric @mamE THh D
9 This fabric might be cheap ZoFKEL D
10 | think this fabric is artificial ANLTH7EEES
u Thisisasimple fabric TN TH D
12 Thisfabric is modern EHXTh D
13 | think this fabric is unique B Th b
14 | think this fabric isfamiliar Bl e e 24 W
15 Thisisapleasant fabric i < H D




We selected five samples of fabric with the dimensions of 150mm x 150mm according to the
material and characteristics of the surface (Table 2). A barrier was used to prevent visual contact of
respondents with the samples. We asked participants to dry their fingers. They were also instructed
through a demonstration to slide their index fingertip applying just sufficient force and slow speed
(10 mms™) to feel the sample (Figure 1).

We collected data from 96 participants, 94.8% males, 50% in the age range from 18 to 35 and
50% over 35. The size of the sample was established according to the stability of the metric
assuming a measurement error of 0.5 logit at 95% level of the confidence interval (Cl). The
participants gave ratings of their endorsement based on a five-point scale (i.e., strongly disagree,
disagree, neutral, agree, and strongly agree) using computer-based self-report questionnaires
(translated to Japanese language).

Table2: Selected fabric samples

Code Fabric 1 Fabric 2 Fabric 3 Fabric 4 Fabric5
Fabric pesn g [ -I':;-.;-.'.*..f..__'
g ..r.. - N _‘: o
Material Artificial leather | Woven (warp knit) Non-woven Woven (Knit Woven (plane
added emboss weave)
decoration)
Thickness (mm) 0.37 1.60 1.23 0.81 1.10
Roughness (um) 151 1.89 1.81 4,57 4.10

Figure 1. Test lay-out.

3.1. Coefficient of friction and roughness for the samples using a metallic probe

Measurement of friction force using a metallic probe (Kato tech Co. Ltd., model KES-SE®) was
carried out through a mechanical unit, an amplifier and a computer program. A ring type load cell
with differential transformer was used to collect data through a friction sensor with loading area of
100mm? (Piano Wire-STD) (Figure 2). The measurement speed of 0.5mms™ was established for the
test. A base of polyurethane foam with thickness of 3mm was used beneath each sample of fabric
with dimensions of 150mm x 150mm.



Figure 2: Sensor used with the Friction Tester KES® (Kato tech Co. Ltd.)

The materials’ roughness was obtained using the KES® system. The readings were used for the
graphical correspondence with kansei responses and COF for both systems, the friction tester
KES® and the artificial fingertip.

3.2. Coefficient of friction for the samples of fabric using an artificial fingertip

A multiple layer model was used to mimic the human’s fingertip sensitivity. The outer layer is an
encapsulated silicone with a thin polyurethane layer to represent skin. The inner layer is a
combination of silicone gel base and elastomer to represent soft tissue. To support the fingertip and
simulate the bone, there is a hard core at the back of the artificial fingertip (Shao et al., 2010). The
testing system to measure the friction force between the fingertip consisted of a two-axis load cell,
an X—Z motion table, an artificial fingertip, a controller and a software program using a National
Instruments LabVIEW® system (Figure 3). The artificial fingertip was fixed to the motion table and
was slid over the samples of fabric using speed of 10mms™. The average of four readings for each
piece of fabric was computed along with their standard error.
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Figure 3: Finger friction tribometer (Shao et al., 2010).

3.3. Rasch analysis of kansei responses

Calibration of the measurement scale for kansei responses was carried out through the faceted
Rasch model using the software package RUMM2030®. Throughout the analysis we investigated
sources of misfit to the model, such as respondents’ inconsistent use of the response categories
and differential item functioning for age groups (whether a person subgroup demonstrated
consistently greater ability to endorse an item than another subgroup). Furthermore, we tested the
assumption of response independency through of the degree of correlation in which the response to
an item determined the response to another item.

Different indices were used as quality control for calibration of the measurement scale. One of
them was obtained through the item-construct interaction using chi-square statistic, which indicated
the degree of invariance across the construct (Andrich, 1988). The statistic was taken from the
differences between the observed scores of all persons at 95% of the Cl and their theoretical values
based on the model. Non-significant variance across the construct was given by p=>0.05. Another



guality control was the analysis of fit statistics for the person and item interaction with the model.
Those statistics represented the residuals between the expected values by the model and the
observed values obtained for each person computed over all items and for each item computed over
all persons. The residuals were firstly transformed into a z-distribution. The perfect fit would be
indicated by a mean of the residuals equal to zero with standard deviation (o) of one. In practice,
however, we can only obtain an approximation from a perfect fit. Thus, an item-person interaction with
fit residual statistic indicatingo < 1.40 was deemed acceptable in this study. Individual person and
item deviations from the model were indicated as chi-square statistics. Residuals > 2.5 indicated
misfit to the model, representing around 99% of the CI (Pallant and Tennant, 2007).

Test for multi-dimensionality indicated whether the variables were measuring different underlying
kansei constructs. We formally tested the dimensionality of the construct through PCA of the
residuals, determining two subsets according to the pattern of first factor loadings. Using paired
t-tests we examined the difference between person estimates for the two subsets. We deemed the
construct as unidimensional when a proportion of the t-tests<0.05 fell outside of the t-range of
+1.96 for the CI (Tennant and Conaghan, 2007).

4. RESULTS

4.1. Calibration of the metric

Data from the preliminary pool of items were initially tested, indicating inconsistent response
patterns and, therefore, the system was re-scored into four categories. The response categories of
Iltem 9 were additionally recoded by applying reversed order. That is, the statement “This fabric
might be cheap” held an opposite vector when comparing with the other items in the pool, according
to the preliminary analysis of the data.

Decision criterion to remove five items from the analysis was based on individual item-fit and high
positive correlations of item-person residuals. The procedures for deletion of items can be traced
throughout the sequence of calibrations (Table 3).

Table 3: Summary of the calibration steps and fit statistics

c Per son-item interaction Itt'am-cons'truct Unidimensionality
o interaction
g Sour ce of misfit Action Item-fit Per son-fit n _

3 residual residual 2 | g o Proportion of
o 4 t-tests<95% Cl
Mean| O |Mean| O
y | temmisiit(resdud | Removed | o5 | gg | 001 | 1.26 |85.81| 28 |<0.05| %6 >0.05

>12.5) (cheap)
High correlation (unique | Remove 13 )
2 on artificial and i) | (unique) 035 | 1.11 |-0.19 | 1.21 |89.75| 26 |<0.05| 96 >0.05
Item misfit (residual Remove 10
3 >125) (artificial) 0.35 | 1.00 | -0.17 | 1.14 |46.27| 24 |<0.05| 96 >0.05
4 Low chi-square ReMOVeS | 35 | 0.94 | -0.20 | 1.12 |31.11] 22 [0.094 | 96 >0.05
probability (high variance)|  (wet) ' ‘ ' ’ ' ‘ ‘
Low chi-square Remove 12
5 probability (high variance)| (modern) 0.32 | 0.83 |-0.21 | 1.09 |19.15| 20 |0.512| 96 >0.05
Person locations Remove
6 t-tests < 950%C] 5 persons 0.33 | 0.82 |-0.21 | 1.09 |20.01| 20 |0.460| 91 0.04




The metric is the representation of the relative locations of all facets on the same logit scale
(Figure 4). In the metric, person locations are indicated in the first column. The relative locations
indicate ordered levels of endorsement to the samples of fabric. The second column of the metric
indicates the levels of difficulty of endorsement for items. Column Fabric presents the relative
location of the samples of fabric on the continuum. Locations, standard errors of measurement and
fit residuals are indicates in Table 4.

Persons A [tems XZE Fabric i
more inclined more difficult
to endorse to endorse more endorsable
15 15 15T Fabric2
1.4 1.4 1.4

2

1.3 1.3 1.3 e
1.2 1.2 1.2
1.1 * 1.1 1.1
1.0 1.0 1.0
09+ % 0.9 0.9
0.8 0.8 T+ 7.lthink this fabric is functional R ERS 0.8
0.7 0.7 0.7
06+ * 0.6 0.6
0.5 *** 0.5 0.5 _
04 F ¥F** 0.4 4+ 15.This is a pleasant fabric RETH D 0.4 I Fabric3
03 * 0.3 2.This fabric fells elastic WHMUEMNH D 03 xKE 3
0.2 J FExEx> 0.2 + 1.This is a smooth fabric EBOLMATHD 02 F ropric1
01 Fixx 0.1 + 4.This fabric fells warm EAHDH D 0.1 =1
0.0=p=TTTT*FE  0,0==8.This is a high quality fabric ERETHD 0.0
0.1 F Frwwor -0.1 . . . - -0.1

) o 14.1 think this fabric is familiar HEEIECk: M A ’
-0.2 e -0.2 -0.2
03 F Fexx 0 -03 03
'g'g ol 'g'g 6.This fabric feels relaxing BELEENERLNAT S 'g'g
e ol e 11.This is a simple fabric S, S e
06 F Exx 0.6 P YYINTHS 46
0.7 + ¥ -0.7 + 3.This fabric is soft BH DAL -0.7
0.8 F Fwwwr -0.8 -0.8
'2'(9) ol '(1"(9) '2'(9) Fabric5
-1. -1. -1. 5
11 4« 11 1.1 il&
12 F « 1.2 1.2 F Fabric4
a3+ ¥ -1.3 -1.3 =4
less inclined easier less endorsable
to endorse to endorse
* One person Scale in logits

Figure 4: Metric with 10 calibrated items for the five samples of fabric

4.2. Relationship between kansei responses and friction

The metric for persons’ kansei responses and the coefficient of friction for the samples of fabric
were, in this study, designed to share the physical characteristic obtained from the texture of
surfaces (roughness). The correspondences were established according to the method adopted for
computing the coefficient of friction.

4.2.1. Correspondence using KES® system

Figure 5 is a graphical representation of the correspondence between the metric for kansei
responses and the KES® system used to obtain the measurement of the forces f, and f, , such
that u = f, / f, represents the coefficient of friction. The linear metric for kansei responses,
represented by the vertical axis at the upper part of the graph, was obtained from Table 4. The



Table4: Locations in logits of items and fabric and their measurement errors

Items Location SE Fit residual | Fabric Location SE
3 -0.71 0.16 0.01 2 1.50 0.18
11 -0.56 0.17 0.35 3 0.43 0.17
6 -0.45 0.18 0.03 1 0.16 0.18
14 -0.16 0.18 0.17 5 -0.92 0.17
8 0.05 0.17 0.40 4 -1.16 0.18
4 0.18 0.18 0.06
1 0.28 0.16 -0.06
2 0.28 0.18 0.27
15 0.30 0.19 0.07
7 0.79 0.19 0.05
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Figure 5. Representation of the overlapping metrics for kansei responses to samples of fabric and the COF
obtained through the KES® system, both the metrics sharing the physical element roughness.



dashed, red lines indicate the location of a sample plus the standard error (SE). Samples were
grouped when their SE overlapped. Three groups under this condition were established as follows:
Sample 2, group formed by Samples 1 and 3 and group formed by Samples 4 and 5.

The roughness levels (R,) are indicated by the horizontal axis. The vertical dashed, black lines
indicate the bounds of roughness for samples based on the kansei responses. However, only one
reading of roughness was obtained for each fabric and, therefore, the measurement error was not
computed in the study. Two groups were formed: the group formed by Samples 1, 2 and 3, and the
group established by Samples 4 and 5.

The lower part of Figure 5 represents the correspondence between the coefficients of friction and
the locations of samples on the kansei continuum. However, only one reading of friction force was
obtained for each fabric and, therefore, the measurement error was not computed in the study. Two
groups of kansei responses associated with the roughness can be established: Group 1 formed by
Fabric 1, 2 and 3 with roughness between 1.51um and 1.89um, and Group 2 formed by Fabric 4
and 5 with roughness between 4.10pm and 4.57um. However, a range of COF was not identified
within the discrimination of kansei responses.

4.2.2. Correspondence using the artificial fingertip

Similarly, a graphical representation of the correspondence between the metric for kansei
responses and the artificial fingertip system was established (Figure 6). At the upper part of Figure 6
the horizontal dashed, red lines indicate the lower and upper bound of kansei responses that can be
associated with the interval of COF indicated at the lower part of the graph by the dashed, red lines.
The red lines indicate the location of a sample plus the standard error (SE). Samples were grouped
when their SE overlapped.
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Figure 6: Representation of the overlapping metrics for kansei responses to samples of fabric and COF obtained
through the artificial fingertip, sharing the physical element roughness.



Two groups of kansei responses associated with the roughness can be established: Group 1
formed by Fabric 1, 2 and 3 with COF from 0.20 to 0.23 using the artificial fingertip and with
roughness between 1.51uym and 1.89um, and Group 2 formed by Fabric 4 and 5 indicating COF
from 0.22 to 0.26 using the artificial fingertip and with roughness between 4.10um and 4.57um.

5. DISCUSSION

The relationship between the kansei responses, the characteristic of roughness of each sample
of fabric and its coefficient of friction has been made possible by overlapping the metrics. The
metrics are assumed to be linear because all elements can be represented as fixed positions along
one straight line. For the kansei responses, the linearity of the scale is a property of the RM. We
used the procedures from Rasch analysis, called calibration, to verify empirically whether the data
were conformed to the model, which allowed the control of variance and traceability in the study.

The sequence of calibrations using the RM produced a scale for some samples of fabric with a
guantitative property. This property was achieved after fitting data to the model. In more typical
statistical approaches in the domain, which fit a model to the data at hand, the assumption that data
hold at least interval properties ought to be tested and not just assumed. The theoretical
foundations of the RM, in contrast, provided mechanisms to examine whether the data fitted
together and cooperated to define the kansei differences among the samples of fabric. Two of the
main sources of misfit in the data set were the response dependence (i.e., when an item interfered
with the response to another item) and the construct dependence (when the kansei statements
represented more than one construct). After resolving for the misfits, an interval scale in logit was
produced.

The log-odds unit, typically called logit, was the unit of measurement used by the model. Scores,
which were transformed into locations in logit on the continuum, attain meaning when comparing a
pair of persons, items or stimuli through the distance between locations. Ben Wright (1993) once
stated the logit for latent variables is not more difficult to understand than the unit ampere for
electric current. They not only measure an invisible, underlying variable but also they present the
property of invariant comparisons. As a result from this property, particular differences between any
pair of persons and any pair of samples of fabric have the same interpretation across the scale.
Furthermore, if the calibrated items are fixed at their locations, estimates for a new reasonably
targeted sample of persons can be obtained and valid comparisons can be established. Similar
reasoning can be elaborated with regard to the samples of fabric.

6. CONCLUSION

In this research we investigated the users’ impression with regard to different textures and
materials of fabric for car seats. The purpose was to demonstrate that distinct impressions could be
measured by a scale based on kansei attributes.

We collected kansei responses from a number of persons who slid their fingertips over some
samples of fabric. Ten kansei statements fitted the Rasch model, establishing a calibrated scale for
persons’ responses. Subsequently, kansei responses were associated with the roughness of the
fabric’s surface and its coefficient of friction. We obtained the coefficients of friction using the KES®
system and an artificial fingertip, simulating the contact between the human fingertip and the surfaces.
Nevertheless, the comparison between the devices’ performance was not part of the study’s scope.
Using a graphical correspondence, two ranges of roughness that could be associated with the



kansei responses were identified. Furthermore, through overlapping metrics we distinguished two
ranges of coefficients of friction related to the responses when using the artificial fingertip. However,
no coefficient of friction brackets for the groups of kansei responses were found when using the
KES® system.

The calibration procedures gave evidence that part of the data fitted the Rasch model, producing
a linear scale for the kansei responses and achieving the model's property of invariant
comparisons. That is, particular differences between any pair of persons and any pair of stimulus
objects have the same interpretation across the scale. Users’ distinction of different textures and
materials of fabric can, therefore, quantitatively be made independently of any particular kansei
attribute.

The model’s properties of invariant comparisons, same interval for the linear continuum and a
constant unit in logit were achieved for the scale of fabric based on kansei attributes. As a
consequence, we demonstrated the construction of the quantitative correspondence between the
scale for kansei responses and the scale for physical characteristics related to the surfaces’
roughness and coefficients of friction.
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