meowmgauswns Ergonomics International Journal
Committed to create value for Researchers ISSN 2577-2953

Effects on the Tactile Affections of Touch Behavior and

Product Material

Jaekyu Park! and Youngjae Im?2* Research Article
"Home Appliance & Air Solution Company, LG Electronics, Republic of Korea Volume 3 Issue 2
ZFaculty of Design Engineering, Dong-eui University, Republic of Korea Received Date: March 26, 2019
Published Date: April 12,2019
*Corresponding author: Youngjae Im, Faculty of Design Engineering, Dong-eui DOIL: 10.23880/€0ij-16000202

University, 176 Eomgwang-ro, Busanjin-gu, Busan 47340, Republic of Korea, Tel:
+82-51-890-2308; Email: ergolim@gmail.com

Abstract

This study examines the degree of influence specific tactile properties have by investigating user behavior when the
epidermal skin layer comes into contact with various tactile samples. Although there have been various studies on user
sensitivity for consumer products, there has not been an in-depth examination of tactile stimulus on users particularly in
utilizing a measurement system to evaluate specific tactile properties and how this influences the user. This study
observed how the user perceived the concept of roughness and how this perception changed as tactile properties were
altered. There was an analysis of variance for subjective roughness of 6 different types of tactile material contacted by 3
touch behaviors (press, rub and grasp). There was significant difference between the subjective roughness according to
different tactile material and touch behavior. However, there was no significant difference between the luxuriousness
according to the types of tactile material and touch behaviors. Post-hoc analysis results for the different tactile material
indicated that subjective roughness was judged differently according to the increase of roughness properties. In addition,
subjects could not accurately judge the difference when the size of the tactile material was small even if subjective
roughness was high. Post-hoc analysis results of the touch behavior indicated that feeling friction allowed users to easily
distinguish pressure, but pressing made users not feel roughness well. This study suggests a tactile guideline for

measuring roughness through certain design parameters.
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Introduction improved for design, functional and technological aspects

so that the affection is applied as a way to enhance the

As the products become more sophisticated and competitiveness of the products [1-3]. In particular, the

complex, the demands of customers are increasing. Also, objects that users manipulate and interact with products
companies manufacturing products have been trying to are related to indoor factors [4].

secure competitiveness by studying user affections. The
components that make up the product have been
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However, most of the affective research on the internal
parts focuses on the visual emotional evaluation, so the
tactile research is still insufficient [5-7]. Recently, studies
on the luxurious feeling of indoor interior materials have
been attempted in terms of tactile sense. However, there
is a limit to the detailed evaluation by simplifying the
measured values of the design variables related to the
tactile sense of the internal parts. In addition, there is a
lack of consideration of the measurement method only by
directly utilizing the measured values of the design
variables.

Although there are various parameters for tactile
sense, there are four physical characteristics that can be
typically measured in the interior of the product as
hardness, roughness, flexibility and coolness. Among
these physical characteristics, hardness and roughness
can be measured in common for all internal parts.
Roughness is one of the representative tactile evaluation
variables used in the field of electronics, automobiles and
clothing.

While the physical characteristics of a material are
characteristics of a product, the act of contacting a
product can be seen as a human’s characteristics that
affects evaluation. Therefore, considering touch behavior
in tactile affective evaluation can be a criterion that can
enhance measurement reliability and validity. This study
investigates into the material and contact method which
affect roughness, which is one of the tactile variables
related to the luxuriousness. Based on this, we propose an
appropriate evaluation method based on factors
considering tactile affective evaluation of products.

Methods

Feeling the Tactile Sense

The lexical meaning of tactile is defined as the sense of
contact stimulation of the skin senses. Previous research
has defined various for the terms of tactile [8]. As defined
in most studies, tactile sense has touch and interaction
with skin senses. The term of haptic which has been
popular recently is also the same in this context, but
represents a comprehensive representation of contact by
temperature, pressure, and vibration.

There are many mechanical receptors in the skin that
feel the tactile sense. Meissner corposcule, Pacinian
corposcule, Ruffini corposcule, Krause corposcule and
Free nerve ending feel the vibration, pressure, warm,
cooling and apperception, respectively. In other words,
the way to feel the tactile means that it is felt by four
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stimuli of vibration, pressure, coolness and apperception.
Therefore, the roughness dealt with in this study is
perceived by vibration and pressure.

Measurement of Roughness

Subjects: A total of ten subjects who had no history of
tactile disorders and disease were participated in this
experiment. The average age of the subjects was 27.90
(£3.35) years old, and a calibration test was conducted as
a preliminary experiment to determine if there is an
ability to evaluate tactile stimulus. Subjects who passed
the preliminary experiment explained the purpose,
contents, and risks of the main experiment, and expressed
written consent before the participation.

Experimental apparatus and environment: To
measure roughness, one of the tactile parameters of the
indoor parts, SJ-210 surface roughness tester released by
Mitutoyo Co. was used (Figure 1). The measuring system
adopted 4mN equipment which can measure various
range from soft to hard material. The probe (drive unit) of
the measuring system repeatedly moves on the surface
surrounding the area (12.5 mm x 12.5 mm) of the sample
to measure the roughness.

Figure 1: Roughness tester.

The surface roughness tester can obtain R, and R,
values, which are roughness standards. R, is average
roughness of centreline calculated by the average of the
deviation of all crests and troughs across the average line
over the reference length from the roughness curve. R; is
the mean roughness of 10 points and is measured by the
reference length in the roughness section curve. In other
words, the average difference in distance between the
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highest 5 crests and the lowest 5 troughs from the
baseline parallel to the mean line of the section curve. The
materials used in this experiment were selected based on
32 samples of commercially available products. As a
result, R, was 1.677 ~ 21.660 and R, was 12.572 ~
123.740.

Experimental design: Types of materials and touch
behavior were selected as independent variable. The
levels of materials included six types and three levels of
touch behavior were established by press, rub and grasp.
Thus, repeated measurements were made through a total
of 18(6 x 3) combinations. The values of R, and R,
according to each material type are shown in Table 1.
Each value was used by averaging the values measured
three times repeatedly. The touch behaviors were derived
from the three ways of press, rub and grasp based on the
object recognition behaviors presented by research on
Lederman and Klatzky [9]. Dependent variables were
measured by the Likert 7-point scale for subjective
roughness and luxuriousness.

No. Tactile material Ra R;

1 A 2.981 15.767
2 B 3.799 18.323
3 C 7.417 29.798
4 D 6.150 23.021
5 E 8.550 30.389
6 F 12.054 44,155

Table 1: Roughness properties of tactile material.

Experimental procedure: Prior to the experiment,
subjects were asked to explain the purpose and
precautions and to participate in the main experiment
after questioning about the physical condition. Subjects
who passed the calibration test participated in the
experiment, and none of the subjects were found to be
inappropriate. Three different touch behaviors were then
trained for each of the six materials with different
roughness. In order to minimize the visual effect of the
material, the subjects performed touch behavior through
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a box that was visually intercepted. Figure 2 shows the
experimental environment and stimulus applied to this
experiment.

Figure 2: Experimental environment.

To ensure sufficient tactile stimulation, all samples
provided with the subjects were to be at least 100 mm x
100 mm in size. The effect on apperception could not
facilitate by not touching the corner part while presenting
the stimulus. The surface temperature was set to be 24
degrees in order to exclude the effect on coolness.
Subjects who rubbed for more than 30 seconds provided
30 seconds of rest to prevent dulling of the sensation due
to changes of skin temperature. The order of the
experimental conditions was arranged in a method of
Latin square for counter balancing in order to prevent
learning effects on the stimulus [10].

Results

As a result of ANOVA for subjective roughness, the
type of material (p<0.0001) and touch behavior
(p=0.0004) were commonly significant at the significance
level of 5%. The interaction effect of two factors between
type of material and touch behavior was not significant
(p=0.3276). Table 2 indicates the results of ANOVA for
subjective roughness.

Source DF SS MS F-Value Pr>F
Tactile material 5 126.733 25.347 13.500 <0.0001*
Touch behavior 2 16.533 8.267 12.730 0.0004*

Tactile materialx 10 6.933 0.693 1.098 0.3276
Touch behavior
*: significant at a=0.01

Table 2: ANOVA table for subjective roughness.
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As a result of the post-hoc analysis on the types of
materials and touch behavior, there was a significant
difference according to the difference of R, value. The
average of subjective roughness among the types of
materials indicates in the order of A, D, B, C, E and F. Table
3 describes the average subjective roughness between the
levels of the material types. This result means that the
level of subjective roughness is similar to the R, value
except for the D type. In the case of D types, the subjective
roughness is low even though the values of R, and R,,
which are the physical properties of the roughness, are
medium level.

SNK Grouping | Mean N Tactile materials
A 4.50 30 F
A 4.10 30 E
A 3.97 30 C
B 3.33 30 B
C 2.37 30 D
C 2.33 30 A

Table 3: Post-hoc analysis results of subjective roughness
for six tactile materials (Unit: score).

The comparison of R, value and subjective roughness
was conducted as seen in Figure 3. The result revealed
that there is a similar pattern except for material D. Also,
it can be seen that the variation of the subjective
roughness is not relatively large compared to the
variation of R, value. The surface of the material D was
characterized by many and small size of the embossing as
shown in Figure 4.
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Figure 3: The means of subjective roughness for six
tactile materials (Unit: score).
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Figure 4: Surface of the material ‘D’.

As an aspect of touch behavior, there was no
significant difference between press and grasp. The
subjective roughness for the rub was a significant
difference in the press and grasp, respectively. Especially,
when the rubbing action is performed, the degree of
roughness is higher than other touch behavior. Figure 5
depicts the average subjective roughness among the level
of touch behavior.

i
Subjective ¢ - L

roughness |, |

Press Rub Grasp-

Touch behaviors

Figure 5: The means of subjective roughness for three
touch behaviors (Unit: score).

As a result of ANOVA for the luxuriousness, the type of
material (p=0.6517) and touch behavior (p=0.7456) were
all not statistically significant. The interaction effect of
two factors between type of material and touch behavior
was not significant (p=0.7655). Table 4 indicates the
results of ANOVA for luxuriousness.
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Source DF SS MS F-Value Pr>F
Tactile material 10.428 2.086 0.665 0.6517
Touch behavior 2 0.578 0.289 0.298 0.7456

TTaocsclﬁ I;‘:;:‘r/‘;l: 10 5.222 0.522 0.652 0.7655
*: significant at a=0.01

Table 4: ANOVA table for subjective luxuriousness.

Discussion and Conclusion

The purpose of this study was to investigate the effect
of the types of materials and touch behavior on subjective
roughness and luxuriousness for the interior materials of
the products. For the classification of materials, the
degree of roughness, one of the tactile properties, was
measured using R, and R; values. As a result of ANOVA, it
was found that the effect of the types of materials and
touch behavior were significant on subjective roughness.
This means that it can be applied as an evaluation variable
because there is a relation between the physical
characteristics of roughness and subjective roughness.
However, luxuriousness, one of the most important
factors in the affective evaluation, was less relevant to the
physical characteristics of roughness. It seems to be
difficult to judge for evaluation using only the tactile
sense. Therefore, it is necessary to consider both visual
and tactile assessments for luxuriousness of products
material.

As the results of post-hoc analysis on the subjective
roughness, the D material showed that the surface
roughness could not be distinguished by the human
fingerprint because of the small embo characteristic. In
this case, the embo is designed to be smaller than a
certain level such as Nissan's automobile and it seems to
have felt a soft touch [11]. It is considered to be useful
when differentiating visually and tactile affection while
designing interior materials.

During the touch behavior, the rubbing with friction
provides a clear sense of roughness compared to pressing
and grasping. Therefore, it is important to maintain
consistent touch behavior for tactile evaluation. This
study shows that roughness, one of the physical
characteristics of tactile sense, is applicable to subjective
evaluation of affection. In addition, there was a difference
in tactile affection due to touch behavior, which was
considered as a factor in the process of affective
evaluation.
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