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Abstract

The haptic propositions derived from the textile prototypes often allow for more than one interpretation. It
impacts the decision on design alternatives during the phase of design evaluation and validation. The
present study aims to conquer this challenge with a haptic design case study of automotive upholstery
fabric. It links experimental psychophysics with design decision-making. The study results show that visual
cues influence haptic detection accuracy and constancy to choose a final design option.
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1. Introduction

Textile designers typically specialise in designing fabrics for specific end uses in textile industry
segments such as garments, home textiles, and technical textiles. They create design patterns by
sketching, using their visual senses to produce different fabric surface appearances. Thus, the visual
appearance of the developed fabric surface may differ from its haptic sensitivity. It depends on how a
designer has manipulated the fabric's surface character. However, it equally affects the performance of
products such as towels, bed linen, and upholstery fabrics. It creates complications in the detection and
categorisation of textile materials. In fact, the mismatch of visual look and feel with predicted haptic
performance also leads to ambiguous design decisions for the designers. In this context, the current
study examined the need for control over visual cues to assess the haptic properties of fabrics from the
perspective of design decisions.

2. Related work

The term ‘design’ is defined in this study as the result of a course of action conceived in mind, either
in the form of an artefact or a strategy aimed at solving problems for a specific purpose. Integral to
this definition is that design results from high-level cognitive activity (Jonassen, 2000). Design
cognition penetrates two states of the signalling process: (1) the processing of sensory information,
called perception, and (2) the evaluation of representational content in the context of reasoning, known
as cognition (Montemayor & Haladjian, 2017). Perception is the gateway to information from the
outside world, while cognition makes sense of this perceived information. Cognitive processes depend
on perceptual information, but cognition can also influence perceptual processes (Goldstone &
Barsalou, 1998). It shows that perception and cognition share a common platform (Tacca, 2011). Also,
perception is a mapping mechanism between function space and attribute space (Takeda et al., 1990).
It incorporates different types of sensory information in order to perceive the product as a coherent
whole. Therefore, sensory cues are highly correlated with the perceived desirability of a product.
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Users integrate different types of sensory cues while interacting with a product. Generally, visual cues
are the most common and open to product perception among the sensory cues. Nevertheless, it is not
always necessary for visual cues alone to contribute to the overall product experience. Often, the
judgement may depend on some other cues related to the product function. For example, the sound of
a vacuum cleaner can indicate its performance (Schifferstein et al., 2010). So, when designing is
considered as a process, the designer looks for a solution that corresponds to the superior design
knowledge. From a cognitive point of view, the above aspects are driven by the designers'
understanding of how the design fits into these sensory experiences. Haptic stimuli are the direct
source of sensory information in the case of textile products, as they are primarily embedded in hands-
on interactions with the whole human body. In comparison with vision, touch means feeling the body
and becoming aware of product performance. Thus, touch allows one to feel boundaries between the
self and the outside world, as well as the interaction between the two. However, visual stimuli are
often the focus of attention for textile products. It shows that the haptic sense implies self-contact
while the visual sense is more suited to creating social contact (Oh et al., 2020).

On the other hand, the visual-haptic dual condition (looking together with touch) facilitates reaction
speed in task-related cognition activities more effectively (Shi & Mueller, 2013). At the same time,
different dimensions of visual cues can lead to many mental representations (NEFS, 2011). It reduces
the efficiency of selective attention and affects the subjective perception of the stimuli (Murphy &
Greene, 2016). We focus on the above problem as a relationship gap between perceptual attention and
cognitive activity since choosing a design option largely depends on the required sensory evidence.
Therefore, when making design decisions, information from multiple senses must be translated into
end-user perspectives. It requires designers to interpret meaningful information for each design option.
It allows designers to ensure what is important while ignoring irrelevant perceptual information by
maximising accuracy and minimising effort. In this regard, Tan et al. (2015) reported that the
deployment of attention in visual space could be automatically directed to stimuli that correspond to
working memory content.

At the same time, prolonged exposure to certain stimuli alters judgement, which leads to modifications
in the decision-making process (Witthoft et al., 2018). It occurs because a high cognitive load
increases distraction due to a reduced ability to suppress irrelevant information (Forster & Lavie,
2009). From a design perspective, this argument shows that more significant sensory processing of
task-irrelevant stimuli reduces the ability to maintain true design priorities due to competition for
limited design alternatives.

However, the problem remains when the fabrics are judged subjectively by touch in a visual state. It
occurs because visual estimation leads to constant variations in the appearance of surfaces (Marlow et
al., 2012). From a psychophysical perspective, Klatzky et al. (1987) point out that haptic encoding
relies solely on the visual, leading to an inherent bias towards how objects feel haptically, not how
they might look. For example, vision is better when assessing geometric properties than testing
material properties by touch (Lederman & Klatzky, 2009). We argue that this ambiguity ultimately
leads a designer to neglect the choice of material and textile construction, the haptic information
relevant to the end-user experience, and the proper haptic evaluation method of the textile product
during the design decision processes. Also, the specific area of subjective evaluation conditions related
to the textile design decision-making process has been neglected in many studies. Therefore, we
hypothesise that the high reliance on visual-alone spatial knowledge overlooks calibrated haptic
information that correlates with various design decisions. We also hypothesise that designers can
amplify haptic stimuli without visual cues to improve the perception of the signal, thereby drawing
attention to task-relevant information. The following sections contain empirical findings of our
theoretical research as a case study.

3. Case study: Haptic design of automotive upholstery fabric

Seat comfort is an essential factor when driving a vehicle. The deprived seat surface schedules slip
that stress the continuous monitoring of the driver’s posture—the state of inertia and the up-and-down
vibrations of travel increase the likelihood of being slippery. However, haptically designed upholstery
prevents slipping while driving. Seat covers are exposed to high frictional forces during use.
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Therefore, the haptic design of upholstery fabrics must be grippy to improve the slip resistance of the
fabric surfaces. The case study is shown in Figure 1. In this context, visual adaptation is usually an
essential method of design representation. If so, how can the designer ensure that the cloth surface is
suitable for the driver’s posture for long-term seating comfort? Do the subjective assessment responses
cause any modifications in the design decision-making process under a given stimulus condition? In
order to better understand these phenomena, we conducted a series of experiments to identify and
confirm the slip and grip properties of automotive upholstery fabrics.

Figure 1. Haptic design problem: Seating comfort in the vehicle

A: Leftwards arrow shows tend to slip. It causes stress to the structures in the spine.
B: Downwards arrow shows a grip position toward the seat. It results in comfort while driving.
C: Close up view of upholstery fabric prototype.

4. Methodology

We need to understand how subjective fabric evaluation provides a radical design decision that
facilitates the designing of haptically performed textile products such as automotive upholstery. In
general, the well-understood experimental methods used in subjective fabric evaluation consist of the
total hand value method, which calculates from a fabric's primary hand values (Ellis & Garnsworthy,
1980). However, full adoption of the total hand value method is inconsistent with our study for two
reasons. (1) Typically, the judges are a panel of textile quality experts in the total hand value method
that we do not want to follow, (2) the result obtained from such a method is more relevant to the
quality interpretation of a textile fabric than a specific psychophysical phenomenon. Therefore, we
have partially adhered to the primary hand value method with some strategic modifications.

We observed that the textile reinforcements do not have a flat surface. It extends to structural
geometry and surface texture configuration. During haptic manipulation, finger forces apply across the
fabric topography, which leads to an immediate reaction force from the surface and causes the
coefficient of friction (Lederman & Klatzky, 2009). The tangential force-displacement process follows
either stick-slip, slip-stick-slip, or permanent slip (Stronge et al., 2001). These arguments show that
self-imposed force distribution causes slippage over the upholstery fabric. Thus, the feeling of gliding
during skin contact time is subjectively perceived as slippery (reciprocal of grippy).

This framework enabled us to develop a psychophysical test method to evaluate the slip resistance of
automotive upholstery fabrics. Our method describes the following evaluation process: Hold the
single-ply fabric swatch between both hands' index finger and thumb. Gently press the fabric against
the thumb with the tip of the index finger. Then pull the thumb and index finger of both hands in
opposite directions simultaneously. Repeat this process and gently sense a stick-slip phenomenon with
a jerky motion. The feeling of effortless gliding on the fabric surface indicates slipperiness. In
contrast, if the figure movements feel an increased adhesion to the fabric surface, it suggests grippy.
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In our experiments, sixty naive participants (30 men and 30 women) between 18 and 40 ages
volunteered. The background knowledge of the individual participants was different, for example,
students, faculty, and staff. We deliberately did not recruit people with professional design knowledge,
as we rely on the resulting response being free from possible designer bias. However, almost all
participants have experience with long-distance driving or travel.

We have created a quantitative analysis with a definite rating using our slippery evaluation method.
We used the semantic differential (SD) method (Osgood et al., 1957) to measure subjects' responses
on a 1 to 5 scale. The rating scale provided ‘one’ as extraordinarily slippery and ‘five’ as exceptionally
grippy. The scale must be interpreted so that no specifications are given between the 1-5 values. The
perceived haptic modality signifies that increasing the value from 1 to 5 decreases the slipperiness of
the upholstery fabric.

We have also integrated the slippery evaluation method into the visual prediction of slippery/grip with
and without touch. Therefore, the experiment was conducted under three different task conditions: A.
Touch alone, B. Vision alone (without contact against the skin), and C. Combined visual-haptic
(exploring through vision with touch). The experimental conditions are shown in Figure 2. There was
no time limit for feedback. In addition, an informal interview was conducted after the experiments.
Minitab version 19 was used to calculate the data. A probability level of p<0.05 was considered
statistically significant for all statistical tests.

4.1. Materials and Methods

Upholstery fabric was used for the study. A polyester filament fabric with a herringbone weave pattern
(a yarn count of 113 Tex and 290 g/m?2) was developed as a test material for the experiment. The
slipperiness evaluation was carried out using two specially designed boxes. One black box has two
hand holes on the front side intended for the haptic-alone task. The other box was grey and had a front
opening used for the visual-haptic combined task. Similarly, a hollow square frame to mount the fabric
sample was used along with the grey colour box for the visual-alone task. A controlled lighting
environment was provided in the room. Before the experiments, the participants washed both hands
thoroughly with liquid soap and dried their hands with paper towels. A digital computer system was
used for response feedback during the experiment. Participants were allowed to participate
individually in all experimental conditions.

Figure 2. Experimental conditions

4.2. Encoding perceptual cues

This study hypothesised that perceptual cues act as a mode of communication between the objects and
the explorer. Verbal descriptions in the English language are taken in to encode the observed sensory
cues. Accordingly, subjects can construct mental images from verbal descriptions and perceptions of
geometric shapes (Cruse & Clifton, 1975; Denis et al., 1995; Lupyan & Lewis, 2019). The bipolar set
of descriptions used in the current study as the tertiary quality of material would be appearances in
subjective awareness. Tertiary qualities are metaphysically identical and are recognised simply by the
nature of their related ideas (Smith, 1990). Verbal descriptions are classified into ‘slippery’ and
‘grippy’ of the fabric stimuli. The descriptive verbal index is presented in Table 1. The table shows
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that groups of descriptions contradicted each other. Single selected verbal descriptions were the most
desirable choice of response through exploration. The same set of descriptions applied to all
experimental conditions. When evaluating the answers, only the verbal descriptions selected by the
subjects were analysed.

Table 1. Verbal Description Index

Haptic Visual
Grippy (Group-1)  Slippery (Group-2) Grippy (Group-1)  Slippery (Group-2)
Friction Slipping Duller Brighter
Abrasion Sliding Matt Glossy
Rubbing Skid Dimmer Shimmer
Grip Glide See-through Opaque
5. Results

The first experiment (haptic alone) shows the regression results of observed haptic cues in Table 2.
The results show that both groups are significantly sensitive towards ‘slippery/grippy’ modalities.
Also, haptic cues contribute 46.69% variation on the responses feedbacks at a 95% confidence level in
a haptic condition. According to the estimation for the degree of relationships, the haptic cues’
friction’, ‘rubbing’ and ‘grip’ are statistically significant (p=0.001< 0.05) from group 1. Similarly,
cues ‘skid’ (p=0.029 < 0.05) and ‘glide’ (p=0.004 < 0.05) statistically significant from group 2. The
Tally and Pareto chart analysis indicate that only one observation level (haptic cues) 1 (friction =
36.67%), of group-1, is highly influenced the perceptual responses. At the same time, observation
levels (haptic cues- rubbing and grip) 3 and 4 affected the perception equally with 21.67% each.

Table 2. Regression analysis of haptic cues

Haptic cues Coefficient ~ SE coefficient T value P value
1 - Friction (Group -1) 0.716 0.143 5.01 0.001
2 - Abrasion (Group -1)  0.171 0.213 0.80 0.426
3 - Rubbing (Group -1) 0.651 0.158 4.12 0.001
4 - Grip (Group -1) 0.568 0.165 3.44 0.001
5 - Slipping (Group -2)  -0.298 0.310 -0.96 0.340
6 - Sliding (Group - 2) 0.048 0.425 0.11 0.910
7 - Skid (Group - 2) -0.952 0.425 -2.24 0.029
8 - Glide (Group - 2) -0.952 0.311 -3.06 0.004
R2 value 46.69%

In the second experiment (visual alone), eight visual cues were observed by the participants. The
regression results of the visual alone trial are provided in Table 3.

Table 3. Regression Analysis of Visual Cues

Visual cues Coefficient  SE coefficient T value P value
1 - Duller (Group-1) 0.601 0.273 2.20 0.032
2 - Matt (Group-1) 0.389 0.350 1.11 0.271
3 - Dimmer (Group-1) 0.055 0.350 0.16 0.875
4 - See-through (Group-1)  0.555 0.350 1.59 0.118
5 - Brighter (Group-2) -0.778 0.350 -2.23 0.030
6 - Glossy (Group-2) -0.382 0.237 -1.61 0.113
7 - Shimmer (Group-2) 0.255 0.379 0.67 0.503
8 - Opaque (Group-2) -0.695 0.418 -1.66 0.103
R2 value 25.44%
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The regression results show that both groups are engaged in the determination of ‘slippery/grippy’
modalities. According to the analysis, about 25.44% of the variation on responses feedback in a visual
condition is 95% confidence level. The analysis indicates that the visual cues ‘duller’, group 1
(p=0.032 < 0.05) and ‘brighter’, group 2 (p=0.030 < 0.05) are statistically significant. The Tally and
Pareto chart analysis indicate that two observation levels (visual cues) 6 (glossy = 26.67%) of group-2
is highly influenced the perceptual responses flowing level 1 (Duller = 18.33%) of the same group. At
the same time, observation levels 2, 3, 4, 5 affected the perceptual responses equally with 10.00%
each.

In the third experiment (visual-haptic), perceptual cues were grouped into two sets and provided to
identify the slippery/grippy modalities of the given swatches. Pearson's correlation was used to
calculate the association between each set of observations under haptic-visual conditions. The analysis
result is shown in Table 4.

Table 4. Correlation matrix of visual-haptic condition

. Method Correlation P value
Condition

L Feedback by look -0.113 0.391
Haptic-Visual - iback by touch  -0.523 0.001

The results show that the correlation between ‘look’ and ‘rating’ isr-0.113, a weak negative
correlation and statistically insignificant (p= 0.391> 0.05). The correlation between ‘touch’ and
‘rating’ is r = -0.523 (p = 0.001< 0.05) is a moderate negative correlation but statistically significant.
A regression analysis of visual and haptic cues in the dual condition is given in Table 5.

Table 5. Regression analysis of visual-haptic condition
Feedback by Look

Visual cues Coefficient ~ SE coefficient T value P value
1 - Duller (Group-1) 0.397 0.253 1.57 0.123
2 - Matt (Group-1) 0.288 0.178 1.62 0.111
3 - Dimmer (Group-1) -0.366 0.293 -1.25 0.218
4 - See-through (Group-1)  0.634 0.293 2.16 0.035
5 - Brighter (Group-2) -1.697 0.271 -6.27 0.001
6 - Glossy (Group-2) 0.257 0.293 0.88 0.384
7 - Shimmer (Group-2) 0.094 0.253 0.37 0.711
8 - Opaque (Group-2) 0.393 0.272 1.44 0.155
R2 value 52.53%

Feedback by Touch

Haptic cues Coefficient SE coefficient T value P value
1 - Friction (Group -1) 0.454 0.312 1.46 0.151
2 - Abrasion (Group -1) 0.499 0.192 2.59 0.012
3 - Rubbing (Group -1) 1.383 0.219 6.33 0.001
4 - Grip (Group -1) 0.360 0.239 151 0.138
5 - Slipping (Group - 2) -0.852 0.257 -3.31 0.002
6 - Sliding (Group - 2) -0.872 0.354 -2.47 0.017
7 - Skid (Group - 2) -0.206 0.354 -0.58 0.564
8 - Glide (Group - 2) -0.766 0.293 -2.61 0.012
R2 value 57.05%

According to the regression analysis, variation in feedback by look was about 52.53% in the visual
condition. At the same time, about 57.05% variation in feedback by touch under haptic conditions.
Both variations occurred at a 95% confidence level. The regression results of visual cues show that
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‘see-through’ of group-1 (p=0.035 < 0.05) and ‘brighter’ of group-2 (p=0.001< 0.05) are statistically
significant. Whereas results of haptic cues analysis show that ‘abrasion’ (p=0.012 < 0.05) and
‘rubbing’ (p=0.001 < 0.05) of group 1 are statistically significant. Similarly, slipping (p=0.002),
sliding (p=0.017), and glide (p=0.012) are at a 95% significance level. Also, from the analysis, it is
observed that statistically significant visual cues (see-through vs. brighter) represented by the group
shows the bipolar character (opposite each other). Similarly, haptic cues also have bipolar characters
(abrasion and rubbing vs. slipping, sliding, and glide).

In addition, the coefficient differences between ‘see-through’ (visual cue of group 1, which indicate
grippy) and ‘abrasion’ (haptic cue of group 1, which indicate grippy) is 0.135. It indicates that changes
in the mean value of visual perceptual responses (see-through) increase the mean value of haptic cue
(abrasion) also tends to increase by 0.135 differences since both are positive coefficients. In the same
way, the coefficient differences between visual cue ‘brighter’ (visual cue of group 2 indicates slippery)
and slipping, sliding, and glide (haptic cues of group 2 indicate towards slippery) are -0.845, -0.825,
and -0.931. It suggests that as the changes in the mean value of visual perceptual responses (see-
through) increase, the mean value of haptic cue (slipping, sliding, and glide) decreases by the above
value differences since they are negative coefficients. The Tally and Pareto chart analysis indicate that
‘matt’ (30.00 %) of group 1 is the most agreed visual cue by the subjects. At the same time, the most
agreed haptic perceptual response was ‘abrasion’ (33.33%) of group 1. However, according to the
tally, 83.33% of the subjects depended on subjective fabric surface assessment of ‘slippery/grippy’
modalities compared with visual observation.

Figure 3 illustrates a combination diagram of the haptic-visual coefficient. In the plotted diagram, the
straight line indicates the corresponding haptic coefficient values. The dashed line connects the visual
coefficient. The comparison reveals that haptic cues are more dominant than visual cues, although
visual cues almost followed the haptic path.
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Figure 3. Comparison of Visual - Haptic Coefficient

6. Discussion

From the perspective of the textile industry, haptic assessment by touch provides insight into overall
fabric quality and its professional practices. Generally, it is represented by a total reflection of the
fabric handle. The concept of sensational experienced while handling a cloth is referred to as fabric
hand (Hatch, 1993, p. 472). The term fabric hand (also known as fabric handle) is frequently used in
the textile industry to denote the sensory properties of fabrics obtained through subjective evaluation
(Makinen et al., 2005). Therefore, most textile brands consider fabric handle evaluation is indisputable
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in quality assurance. According to Valentine et al. (2017), textile design is distinctive in that haptic
qualities guide its process. It is also critical to figure out how to use touch interfaces to progress a
textile product (Hale & Stanney, 2004). Customers are more likely to shop in-store than online, as they
prefer to look, touch, and try on clothes before buying (Eckman et al., 1990; Blazquez, 2014). Poor
haptic qualities often justify why a consumer rejects the textile product. Thus, many successful fashion
designers pay particular attention to the feel of fabrics. Hence, subjective fabric assessment falls into
the phase of evaluating and validating the haptic properties of the design. In addition, the evaluation
results can lead to an alternative solution to the existing design decision.

Design decision-making is an activity of specifying, evaluating, validating, navigating, and unifying
the current decision into alternatives and solutions as a whole in order to decide (Hansen &
Andreasen, 2000). The current study results provide important insights into the influence of perceptual
conditions on design decisions. We found that without the full awareness of the perceiver, visual cues
can quickly dominate design judgments. In such cases, it affects the competence and performance of
the desired design when choosing alternatives. Our study also shows that vision regulates relevant
spatial information through hand-finger movements. Also, the high cognitive load tries to divert the
focus of selective design attention, resulting in poor decision-making. To overcome this difficulty, we
propose that designers subjectively evaluate the fabric prototypes for better haptic performance.
Making design decisions prior to a final design choice for a specific end-use is an effective practice.
Design decision-making is also often viewed as a collaborative process (Badke-Schaub & Gehrlicher,
2003). For example, a textile designer's design decisions can be replaced by the decisions of a car
interior designer. However, both have to compromise adequate seating comfort through fabric design.
On such occasions, interpretations based on subjective fabric evaluation under haptic-alone task
conditions become critical in a designer's decision-making.

7. Conclusion

This study discriminates sensory judgments of a vehicle seat cover between three haptic assessment
conditions. According to the experimental results, the present study provides clear evidence that visual
cues influence detection accuracy and the constancy of judgement about the given specimen’s
‘slippery/grippy’ modality. In contrast, whenever the haptic perception increases, the accuracy in
feedback also increases. We have attempted to account for these effects in pre-and post-adaptation
judgments of the design decision-making process. The reliable sensory interpretations bring about a
physical change in an existing design or lead to selecting one or more design options. Optimising the
prolonged haptic interaction is essential when designing upholstery fabrics for automobiles. This
reliable interpretation helps the designer conceptualise the desired design and robust a designer’s
specific domain knowledge related to a design decision.
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