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Abstract: Tactile experiences of textile materials are difficult to communicate
and elicit. To interrogate this space we propose the tactile triangle, a framework
to facilitate systematic analysis and comparison of tactile experiences. The
three levels reflect different aspects of tactile experience and possible methods
to capture them: physical properties, in which human senses or objective testing
measure fabric properties; the perceptual space level in which triadic
comparisons reveal combinations of various dimensions which capture and
describe tactile experiences; and finally the communication level, in which
design games elicit languages communicating tactile perceptions. A case study
illustrates the framework’s use to compare the tactile experiences of textilesin
experts and consumers. The results show expert and consumer perceptions
overlapped and correlated well to objective measures except in the perception
of temperature. We conclude by discussing the framework’s effectiveness, the
contribution of individual methods, and its potential as a communication tool
for designers.
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1 Introduction

Tactile experiences reveal a very rich and complex territory, which has been little
described by research. The intricacy of this experience derives from touching being an
inherently interactive experience (Sonneveld and Schifferstein, 2008); touch and being
touched are equaly important for its unfolding. Much of this experience remains
unarticulated or even unconscious, which reflects on the difficulty people have to talk
about how textile materials fedl, likewise about how they feel when engaging with
textiles. Hence, the tactile experience is formed by psychophysica and affective
responses, which can be elicited and measured by diverse methods (e.g., triadic
experiments or rating against sensory scaes), as well as by the physicality of the
materials, which can be objectively measured (Chen et a., 2009). Given a physical
encounter with a material, stimulation of the tactile receptors in the skin will proceed, as
has been previously described by research (Lederman and Klatzky, 2009). These will be
processed in the brain, firstly in the psychophysical level (sensoria judgements), which
will incur in classifying materials, to then combine and compare these judgements, based
on memories that will result in affective judgements (Chen et a., 2009).

Literature in the textile realm highlights a number of methods, both subjective
(Winakor et d., 1980; Philippe et a., 2003; Sular and Okur, 2008; Soufflet et a., 2004)
and objective (Kawabata, 1982; Lai et a., 2002; Ly et d., 1991; Minazio, 1995; De Boos,
2005), used in research and industry to predict or discern the tactile properties of textiles.
During their education, and through experience in industry, fashion and textile designers
are trained to perceive differences in the tactile qualities of textiles. To our knowledge
there is only one piece of research (Soufflet et a., 2004) into the abilities of un-trained
consumers to discern such differences, in which the evaluations of experts and
non-experts showed no distinction on the perceptual level, whereas experts differ from
non-experts in terms of verbalising their perceptions and can identify more dimensions.

In this paper, we propose The Tactile Triangle framework to facilitate the analysis of
tactile experiences and their comparison by building on the literature on approaches to
the analysis of subjective experience. To demonstrate the application of the framework a
case study compares expert designers subjective perceptions, non-expert consumers
subjective perceptions and objective testing of textiles. In doing so we also contribute to
answering the important and still open question of whether both expert and consumer
perceptions correlate with objective measurements of the tactile properties of textiles and
relate to each other. The design, execution and results for each approach are laid out
consecutively to aid understanding and correlation of resultsisoutlined in Section 6.

Figure 1 shows the current landscape of research into tactile perceptions of textiles.
The link between designers and mechanised testing is well established, and previous
research reveals one study linking the perceptions of designer and consumer, and no
research into the link between consumer perceptions and mechanised testing.
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Figurel Thelandscape of current research into tactile experience of textiles
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There has been much recent interest in supporting designers to make informed choices
(van Kesteren, 2008; Sonneveld and Schifferstein, 2008; Karana, 2009; Karana et al.,
2009; Lee et d., 2010), our framework will significantly add value to their creative
output, aiding them in ‘understanding other peoples understanding’ (Krippendorff and
Butler, 2008) of tactile properties or ‘hand feel’ (the sensory tactile qualities of fabric
against the skin) of textile materials. This is particularly important when using
collaborative design processes where communication of such perceptionsis difficult.

We begin this paper by discussing the available literature relating to tactile evaluation
of textiles (Section 1). This is then used to propose the framework and to inform the
selection of a set of bi-polar descriptive scales (communication level) and a set of textile
samples by textile experts for use in the studies that comprise our framework (Section 2).
The tactile properties of our chosen textile samples are tested using objective testing
(Section 3) and evaluated by un-trained consumers in both an informal design gaming
process (Section 4) and a structured Triadic Comparison process (Section 5). The results
of these evaluations are then compared and contrasted (Section 6), limitations are
considered (Section 7) and conclusions and future work are discussed (Sections 8 and 9).

2 Literaturereview

In this paper, the literature review is confined within the tactile sensory perception of
textile materials.

2.1 Textile hand evaluation methods

A literature review was undertaken to determine a taxonomy commonly used in the
textiles and clothing industries to measure and describe subjective textile hand.
Subjective textile hand refers to the non-mechanised sensory experience. As defined by
Philippe et al. (2003) “This is the reaction of the sense of touch, when fabrics are held in
the hand. (...) “hand” can be considered as a meta-concept that takes into account not
only the sensory aspect but also aspects such as formability, aesthetics, drapability and
tailorability”.
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In contrast, objective textile hand mechanically measures tactile qualities of textiles,
usually obtained by testing with one of two systems. The Kawabata Evaluation System
(KES-F) and the SiroFAST (Fabric Assurance by Simple Testing) system (Kawabata,
1982; Lai et al., 2002; Ly et a., 1991; Minazio, 1995; De Boos, 2005) have been used in
industry for predicting the aesthetic qualities perceived by human touch and
communicating them both in manufacture and in quality assurance processes. For such
purpose, much investigation has taken place to compare the results of Subjective and
Objective textile testing (Howorth and Oliver, 1958; El-Mogahzy et d., 2005). Crucialy,
only one study (Soufflet et al., 2004) attempts to understand the relationship between
consumer perceptions of textiles and mechanised objective testing. Recently developed
and yet to be evaluated are the SDL Atlas Fabric Touch Tester and the PhabrOmeter.

Experimental procedures utilised for textile hand evaluation in the literature are
highly disparate. For the purposes of this study, we draw on those that included visibility
of the textiles (Picard et al., 2003; Philippe et al., 2003; Soufflet et al., 2004), un-trained
consumers (Winakor et a., 1980; Laughlin, 1991; Kim and Winakor, 1996; Hung and
Chuang, 1999; Picard et al., 2003; Nogueira et a., 2009), trained panels and textile
experts (Moody et a., 2001; Philippe et a., 2003; Soufflet et a., 2004; Valatkiene and
Strazdiene, 2006; Sular and Okur, 2008), types of rating including bi-polar (Winakor
et a., 1980; Hung and Chuang, 1999; Philippe et a., 2003; Sular and Okur, 2008;
Soufflet et a., 2004) or grouping and difference [e.g., Triadic Comparison or Free
Sorting (Laughlin, 1991; Moody et a., 2001; Philippe et a., 2003; Picard et a., 2003;
Soufflet et a., 2004)], samples of differing specifications and handling gestures (Winakor
et a., 1980; Picard et a., 2003; AATCC Evaluation Procedure 5, 2006; Vaatkiene and
Strazdiene, 2006; Sular and Okur, 2008).

Procedures regarding objective textile testing in literature were found to be confusing,
and only Sular and Okur (2008) carried out full objective testing of their samples.
Cardello et a. (2003) assert “(...) studies of human responses to clothing materials
suffered from a lack of theoretical models to guide research in the field. As a result, the
field was plagued by idiosyncratic and undefined terminology, a lack of operational
constructs, confusion over the kinds of panellists to use, failure to adopt modern
psychophysical techniques, and general confusion in communication about fabric
attributes and qualities’. The continued inconsistency in approaches is surprising given
that there is a published AATCC (2006) standard ‘Fabric Hand: Guidelines for the
Subjective Evaluation’ which sets out parameters for just such experiments. As the issues
cited by Cardello et a. (2003) are till currently applicable and the AATCC Evaluation
Procedure 5 (2006) guidelines have not been widely adopted by designers or industry for
textile evaluation, we chose not to apply the standard to our own testing. We also believe
the AATCC Evaluation Procedure 5 (2006) guidelines promote unnatural interactions
with textiles and so are incompatible with consumer experience.

2.2 Review of frequently used subjective textile descriptors

In reviewing the surrounding literature we looked solely for subjectively obtained
descriptors. Although there were a number of papers we tried to focus on research
conducted in, or trandated into English.

The set of perceptual scales was obtained by removing the hedonic terms, value
judgements, similes, names of textile type and structure and descriptors not understood to
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be related to textile hand. This|eft a sample of 69 descriptors, from which we produced a
subset of four bipolar pairs.

2.3 Design methods

Touch has always been a difficult sense to communicate (Sonneveld and Schifferstein,
2008), as it is reliant largely on subjective analogy. Increasingly in this digital ageit is
vital that there exists a tool with which consumers and designers can express their needs
or ideas surrounding the tactile meanings of materials. Researchers such as Bang (2009),
Brandt et a. (2008), Karana et a. (2009) and Fenko et a. (2010) have made use of
collaborative and design influenced processes to probe participants’ perceptions of
materias; athough some studied textiles, none specifically investigated their tactile
properties. They have used methods that allow un-trained consumers’ tacit knowledge to
be mobilised and harnessed by researchers to aid in understanding their tactile
perceptions of materials. It is the accuracy and reliability of this tacit knowledge that we
wish to investigate.

3 Thetactiletriangle framework

In this study, we propose the ‘ Tactile Triangle' framework, grounded in the literature on
textile perception and elicitation of subjective experiences, identifying three levels that
affect tactile experiences of textiles and that need to be analysed to understand tactile
experiences. The first is the physical level, i.e., the physical properties of textiles that
affect their perception. The ability to capture these physical properties depends on the
sensitivity of the measuring device (e.g., a mechanical device, or the human skin
sensors). The second is the perceptual space level that defines the perceptual dimensions
(that may not directly match physical properties) that people use to evaluate textiles.
Finally, the communication level, i.e., the vocabulary (e.g., words, sentences, gestures)
that is available to communicate such experiences.

The framework (Figure 2) was developed through a review of the literature, which
attempted to more comprehensively explore the many facets of tactile experience. The
three core levels described are believed to be the most significant. The contribution of the
framework is to facilitate a more systematic analysis of tactile experience and allow
people to communicate that which is traditionaly hard to articulate by providing shared
points of reference.

At it is core the framework (Figure 2) is comprised of three levels which inform our
understanding of the tactile perception being studied: the physical level, relating to the
influence of physical properties of the object or material on tactile experience, the
communication level which relates to the way people describe and communicate their
perceptions of the object or material (e.g., the terms they use to describe it's tactile
properties) and finaly the perceptual space level which holistically explores the
dimensions people use to characterise their tactile experience of the object or material
(e.g., which perceptions are most significant in forming atactile opinion of the object or
material and how do they influence one another?). The grey inner ring shows the areas
that can be studied at each level and suggests related methods. Finally, the coloured outer
rings show influencing factors that may affect the results of studies conducted at each
level using the methods indicated in the grey inner ring.
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Figure2 Thetactiletriangle framework (see online version for colours)
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We describe a case study comparing tactile perception of textile experts with consumers,
illustrating how our ‘Tactile Triangle’ framework facilitates the analysis of tactile
perceptions and their comparison. For each level, specific methods are proposed to
uncover each target group’s tactile experiences of a set of textiles: objective testing to
measures fabrics directly; triadic comparisons to understand the dimensional spaces used
to evaluate tactile perception; design games to dlicit the language to communicate tactile
perceptions and to investigate each group’s ability to detect differences in physical
properties.

3.1 Sdection of perceptual scalesfor case study

To investigate how the framework can be applied to design research, we use a case study
that explores how designers and consumers differ in the perceptua evaluation of textiles,
an important question that is currently un-answered by the literature. To choose the
perceptual scales, we conducted a literature review that identified four scales as the most
relevant properties to be explored. The four bi-polar pairs of terms selected were:
rough-smooth, the most common term pairing in the literature review. Thick-thin and
warm-cool, jointly the second most common pairings and the fourth most commonly
used stiff-flexible. These aso according to the literature (Fan et a., 2004; Behery, 2005)
relate to objectively measurable properties of fabrics:

e Physical: Thickness, mass per unit area. Relating to thick-thin.
e Mechanical: Extensibility, bending properties, shear. Relating to stiff-flexible.

e Surface: Compression properties, friction, surface irregularity. Relating to
rough-smooth.

e Thermal: Conductivity. Relating to warm-cool.

3.2 Textile materials selection for case study

In order to compare designers and consumers perceptions on the scales derived from the
literature review, an expert panel evaluated textiles to choose a set that reflected the
chosen scales (above). As a starting point a set of 100% cotton textiles were selected, as
this fibre comprises 50% of world fabric consumption (Kooistra et a., 2006). Selection
was based on a consensus of subjective hand evaluation by textile experts within the
research team to represent a wide variety of diverse tactile experiences. Despite contrary
claims by Yenket et al. (2007) a study by Moody et al. (2001) showed that colour
impacted on hand evaluation studies. Therefore to minimise potential colour influence
only white and un-dyed textiles were used. The textiles were chosen to ensure that
participants would not be biased by novelty, as most people have experience of them:
‘Jersey’, a conventional T-shirt textile (see Figure 4 No. 1). ‘Mudlin’ used in summer
dresses and blouses (see Figure 4 No. 2). ‘Poplin’, a conventiona shirting textile used in
shirts and blouses (see Figure 4 No. 3). ‘Voile', used in lightweight summer shirts,
blouses and dresses (see Figure 4 No. 4). ‘Heavy Drill’, analogous to Denim that is found
in jeans and outerwear (see Figure 4 No. 5). ‘Raised Cotton’ used in nightwear, coats and
outerwear (see Figure 4 No. 6) and ‘Buckranm’, a stiffener used in hats and accessories
(see Figure4 No. 7).
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4 Physical level: mechanised objective testing of physical properties of
textiles

Objective testing was carried out to ascertain the physical properties of the cotton textile
set. This provides quantitative data on the physical level of tactile experience which can
be compared to the qualitative studies of perceptual and communication levels.

4.1 Objective textile testing methods

The cotton sample set was evaluated for thermal, surface, physical and mechanica
properties. The following definitions apply:

Using a thermal conductivity analyser (Mathis TCi, C-Therm Technologies Ltd.)
therma qualities, related to the warm-cool perceptual scale, were obtained through
thermal conductivity (Hu and Y eung, 2006) and effusivity (Pan, 2007) tests.

The SiroFAST System was used to assess thick-thin perceptual scale, representing the
difference, given in millimetres, between the average fabric thicknesses when different
loads are applied, specificaly 9,800 Pa and 196 Pa.

The dtiff-flexible perceptual scale, also measured using the SiroFAST system, is
calculated from the relation between the bending length and fabric mass per unit area,
and is given in uN.m. This pair can also be influenced by mechanical properties such as
extension, shear and formability, which were measured using the same system (Minazio,
1995).

We were not able to produce results for rough-smooth as there was no internationally
standardised methodology for the roughness assessment of textiles at the time. Despite
this, the rough-smooth perceptua scale was one of the most frequently occurring in prior
literature and the research team felt it was an important scale for tactile assessment. As
Das et a. (2007) state fabric hand “... is undoubtedly influenced by the static and
dynamic frictions between the cloth surface and thumb or finger, involving the other
properties like flexibility, thickness and shear in the assessment”.

4.2 Objective textile testing results

Results for thermal, physical and mechanical tests are presented in Table 2 and discussed
below. For the results related to the SiroFAST System, the definitions for the acronyms
are given in Table 1, and a chart containing results of the seven fabrics is given in
Figure 1.

Tablel Definitions for the acronyms related to the properties evaluated by the SiroFAST

system
Acronyms Evaluated property Unit
T2 Fabric thickness at 196Pa load (2 gf/cm?) mm
T100 Fabric thickness at 9800 Pa load (100 gf/cm?)

Fabric surface thickness. Represents the difference between the
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Tablel Definitions for the acronyms related to the properties evaluated by the SiroFAST
system (continued)
Acronyms Evaluated property Unit
ST Average fabric thickness at 9,800 Pa and the average fabric thickness at mm
196 Pa
Released surface thickness. Represents the difference between the
STR Average fabric thickness at 9,800 Pa and the average fabric mm
Thickness at 196 Pa, after steaming and conditioning
B-1 Bending rigidity in longitudinal direction uN.m
B-2 Bending rigidity in transversal direction puN.m
E100-1 Extensibility in longitudinal direction at 100gf/cm %
E100-2 Extensibility in transversal direction at 100gf/cm %
Table2 Performance test results (see Table 1 for SiroFAST acronyms)
SroFAST Heavy . Raised . .
Property acronym  drill Muslin cotton Jersey Poplin Voile Buckram
Thermal N/A 0.08 0.06 0.06 0.07 0.10 0.08 0.06
conductivity
(W/mK)
Effusivitzy N/A 17440 11840 107.80 138.20 24040 175.60 107.40
(WNS/m?K)
Fabric thickness — T2 1060 0.392 2063 1047 0.274 0263 0.770
FAST-1 (mm) TI00 0779 0237 0918 0637 0149 0183 0731
Surface thickness ST 028 016 1.15 0.41 0.13 0.08 0.04
FAST-1 (mm) STR 037 019 133 048 017 010 022
Bending rigidity L? 183 50 117 9 64 9 -
FAST-2 (uN.m) ™ 120 6 52 4 38 7 -
L -9 - - 11 - - -
5
T - - - 10.9 - - -
il 0 L - - - 8.2 - 0.1 -
Extensibility
(%) FAST-3 T - 0.7 0.3 195 - 0.7 -
L 0.2 0.1 0.8 18.0 - 19 -
100
T 0.3 2.6 23 20.0 0.1 5.2 -
5 Bias® - 10.3 04 37 01 18 -
Shear rigidity Bias - 12 308 33 1,051 68 -
(N.m)
Formability L - - - 45 - 0.1 -
(mm) T - 03 09 25 - 0.3 -

Notes: L = longitudinal.
T = transversal.
‘Bias = At 45° from the longitudinal direction of the fabric.

M easurements not made possible due to the sensitivity of the equipment.
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Figure3 Visualisation of the results from Table 2
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The results presented in Figure 3 and Table 2 are compared to subjective testing in
Section 6. Figure 3 enables the visudisation of results obtained and facilitates
comparison between fabrics' behaviour, such as the least extensible fabric being
Buckram and the most Jersey.

5 Communication level: subjective human perception of textile materials

While searching for the vocabulary used by both experts and non-experts, a series of
Design Games (Brandt, 2006; Brandt et al., 2008; Bang, 2009) provided purely
subjective, qualitative human perceptions of the cotton textile set. Two main methods
have been utilised in thislevel: Design Game 1 is afree elicitation method that allows the
vocabulary to emerge from participants, Design Game 2 explores how participants
discriminate physical properties of textiles using set scales. In our case study, this alows
us to explore whether the vocabulary to see of experts and non-experts overlap. In
addition it was used to explore if the language used reflected the physical properties of
the textile materials as measured through objective testing (Section 3).

5.1 Game method

5.1.1 Design game with non-experts

Here two experiments were run simultaneously: Design Game 1 — exploring the
vocabulary used by consumers at the communication level of the framework, and Design
Game 2 — exploring how designers and consumers discriminate at the physical level of
the framework.
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Thirty-nine participants took part in the study (17 male, 22 female, aged between 18
and 40), again limited to fluent English speakers. Two or three participants at atime were
seated in a neutral, relaxed environment. Each was presented with a set of A4 size,
numbered cotton samples, laid on atable. There were two parts to the design games:

“Design Game 1. A two-minute brainstorming session to familiarise
participants with the textile set and to generate their own bipolar descriptive
scales took place. Participants were then asked to feel the textile set and
identify as many opposite pairings as they could, and describe their relationship
using their bipolar descriptors. The researchers registered the numbered of
different pairings generated.”

Next participants were asked collectively to decide where to place the number referring
to each of the seven swatches (Figure 4) on predetermined polar scales (Figure 5).

“Design Game 2. This activity was conducted as a group activity with
non-experts. As this is not a common activity for them the proposition was to
facilitate engagement in the task.

Figure4 Set of seven cotton textiles numbered for design games (see online version for colours)

Figure5 Bipolar scales on board used for design games (see online version for colours)
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5.1.2 Design game with experts

Seven females participated in the study (aged between 20 and 50) and limited to fluent
English speakers, who clearly understood the meanings of the eight-bipolar descriptors.
Participants were individually seated in a neutral, relaxed environment. Each was
presented with a set of A4 size, numbered cotton samples, laid on atable.

Participants were asked to place the number referring to each of the seven swatches
(Figure 4) on predetermined polar scales (Figure 5).

5.2 Design game results

5.2.1 Design game with non-experts results

Non-expert participants generated 41 different bi-polar pairings describing the cotton
textile set. The incidence of their usage can be seen in Table 3 (cases only used once are
not shown):

Table3 Bi-polar pairs used in design games with non-experts part 1

Bipolar pair Incidence of usage
Thick-Thin

Rough-Smooth

Soft-Hard

Warm-Cool, heavy-light and soft-coarse
Warm-Cold and cheap-expensive

N WA O

The bipolar pairs thick-thin, followed by rough-smooth were the most widely used by
non-experts. This concurs with the findings of the initial literature review, which
demonstrated that among experts and researchers rough-smooth and soft-hard were
jointly the most commonly used term pairings, followed by thick-thin. Soft-Hard is the
third most commonly used term pairing in our design games. Whilst the research team
expected that this pairing was too easily confused with rough-smooth and stiff-flexible,
these results demonstrate that it isavalid pairing in its own right.

Although thermal properties were included, their descriptions differed dightly. They
still formed part of the top five most commonly used bipolar pairings for un-trained
consumers. The only bipolar term pairing, which was in common usage in the literature
review but not by un-trained consumers was stiff-flexible.

The results of the scale placement section of the non-experts game have been
presented in graphs to show the distribution of the textiles, which can be seen in Figure 6;
the results are discussed below.
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Figure6 Distribution of textiles per scales in design game with non-experts (see online version
for colours)
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5.2.1.1 Warm-Cool

Ratings on the warm-cool scale again showed the most variability, as reflected in the
length of the error barsin Figure 6. The most consistently rated textile was raised cotton,
which was also perceived to be the warmest. Following raised cotton in order of warmest
to coolest were heavy drill, jersey, poplin, muslin, Buckram and voile.

Ratings for buckram on this scale were extremely varied, indicating a greater than
average difficulty in rating this textile on the warm-cool scale.

5.2.1.2 Thick-Thin

Ratings on this scale were the least variable, showing that consumers were most
consistent in their perceptions of thickness. Ranking of textiles was from thickest to
thinnest raised cotton, heavy drill, Buckram, jersey, poplin, muslin and voile.
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52.1.3 Siff-Flexible

This scale also showed a high degree of variability with poplin and raised cotton the most
varied in their rating (see Figure 6). Ranking of textiles was from stiffest to flexible
Buckram, heavy drill, poplin, raised cotton, mudlin, voile and jersey.

5.2.1.4 Rough-Smooth

Ranking of textiles was from roughest to smoothest Buckram, heavy drill, muslin, voile,
poplin, jersey and raised cotton (see Figure 6).

5.2.2 Design game with experts results

The results of the scae placement section of the game with experts have been presented
in graphs to show the distribution of the textiles, which can be seen in Figure 7; the
results are discussed below.

5.2.2.1 Warm-Cool

Ratings on the warm-cool scale showed the most variability, as reflected in the length of
the error bars in Figure 7. The most consistently rated textile was raised cotton, which
was also perceived to be the warmest. Following raised cotton in order of warmest to
coolest were jersey, heavy drill, muslin, poplin, voile and Buckram. Ratings for Buckram
on this scale were considerably varied.

5.2.2.2 Thick-Thin

Ratings on this scale were most variable for Buckram but showed a lower variability for
other fabrics (Figure 7). Ranking of textiles was from thickest to thinnest raised cotton,
heavy drill, Buckram, jersey, poplin, muslin and voile.

5.2.2.3 Siff-Flexible

This scale also showed a high degree of variability with VVoile being the most varied in
rating (see Figure 7). Ranking of textiles was from stiffest to most flexible Buckram,
heavy drill, poplin, raised cotton, muslin, voile and Jersey.

5.2.2.4 Rough-Smooth

In this scale experts were most consistent in their perceptions. Ranking of textiles was
from roughest to smoothest Buckram, heavy drill, muslin, poplin, voile, raised cotton and
jersey (see Figure 7).
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Figure7 Distribution of textiles per scales in design game with experts (see online version
for colours)
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6 Perceptual spacelevel: capturing semantic and emational differences

The game study was complemented by a follow up study using a more structured
approach. The aim was to holisticaly identify the dimensions and their relationship,
characterising how people evaluate tactile experience of textiles. The experiment used a
triadic comparison approach (Bang, 2009) that alows participants to describe their
subjective perception by comparing textiles within atriad. A comparative approach was
used as it made it easier for un-trained participants to describe their subjective
experience. In our framework this reveals the most relevant dimensions of the tactile
experience compared to user generated tactile descriptors (communication level) and the
objectively measured textile properties (physical level).
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6.1 Triadic comparison method

Textiles for the triad were each cut to a standard length and folded into a double and a
single layer (Figure 8) and hung on a rail ssmulating the experience of participants
interacting with garments in a shop environment. The rationale for this being that when
buying garmentsit is very rare for aconsumer to handle only asingle layer of textile.

These were then presented in a random order to each participant in all possible triads
of the seven cotton textiles, supplying each participant with 35 trials. At each tria, the
participants were asked to evaluate a triad of textiles by focussing on the differences
between them. They were also asked to answer two questions: first, to pick the two most
similar textiles. Second, they were asked to identify among the eight bipolar descriptors
the one that better described the way in which the two similar textiles differed from the
odd one.

Figure8 Schematics for the presentation of textiles
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A tota of 39 participants, 20 male and 19 female, between the ages of 18 and 40 took
part in the study. This sample was limited to fluent English speakers to make sure that the
meanings of the 8 bipolar descriptors were clearly understood. After completing the
rating of all 35 triads, participants were asked to rate the textile samples on a scale from

‘favourite’ to ‘least favourite’. The reason for this question was to investigate the role of
textile preferences in the evaluation of their tactile properties.

6.2 Triadic comparison results

The number of times each textile sample was chosen as the odd sample was taken as an
estimate of the distance of the sample from the other two samples it was compared with.
This provided a set of estimated dissimilarity matrices, one for each participant. The
histogram in Figure 9 shows the number of times a textile was associated to one |abel
minus the number of times it was associated to the opposite label by the various
participants pooled together. The dissimilarity matrices were used as input to the
Multidimensional Scale routine in the SPSS20 statistical analysis software: the
INdividual Difference SCAling (INDSCAL) method with chi-squared measure. The
INDSCAL results provided the coordinates for the stimuli in a perceptual space defined
by the set of dimensions that account for most of the variance contained in the data.
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Figure9 Subjective perception of fabric characteristics

Subjective perception of fabric characteristics

60
40 |
p . I I I
o : ! =
=

] m

Frequency of use of descriptor

-40
60 |
-80
Jersey Muslin Poplin Voile HeavyDrill | RaisedCotton | Buckram
M Flexible 44 57 28 55 -29 23 -34
SmDOth_ 94 | -37 | 42 | 56 | -50 | 12 | -53
mWarm 26 -8 -17 -18 3 35 -7
EThin 30 | 74 76 83 -66 -49 | -28

The fitness measure for different INDSCAL methods shows that an acceptable Kruskal’s
Stress measure [< .15 according to Kruskal and Wish (1978) rule of thumb] is reached
aready with three dimensions. Each dimension explains respectively: 29%, 27% and
19% of the variance for atotal of 75% of variance.

Figure 10 presents the results of the INDSCAL method showing the position of the
seven textiles in the identified three-dimensional models. The distance between pairs of
textiles (points in the space) represents how different the textiles were perceived to be.
The higher the distance dong one dimension the higher the difference according to that
dimension.

In order to explore if the bipolar descriptors form a judgement structure to the
configuration stimuli, we used the labelling assigned by the participants during the triad
experiments (summarised in Figure 11) to clarify the dissimilarity of the odd (most
dissimilar) textile to the other two textiles. Dimension 1 of the perceptua space in
Figure 10(b) appears to reflect the degree of perceived smoothness of the textile. In fact,
if we look at the projected positions of the samples along dimension 1, we can identify
three clusters of textiles: the smoother ones on the right side, the least smooth ones on the
left side, and at the centre the three remaining textiles. Similarly, the flexible-stiff
dimension appears as the diagona of the 2D stimulus configuration formed by dimension
1 and dimension 2 [Figure 10(c)]. We can see the stimulus projected along such
dimensions reflect the flexible-stiff similarity judgements in Figure 10. The third
dimension that emerged from the model is the thin-thick dimension. This is the diagonal
of the space formed by dimensions 2 and 3 [Figure 10(c)].
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Figure10 3D model: derived stimulus configuration
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These results indicate that non-experts made use of at least three of the four proposed
bipolar descriptor sets when comparing textile hand. The warm-cool dimension did not
appear in the model. This could suggest that for un-trained participants the warm-cool
dimension is not one of the main criteria by which they evaluate textiles (Smith, 1986). In
fact, Figure 11 shows that the descriptors warm and cool were either less used by the
participants or used inconsistently. This was also the case for the four and five dimension
models. We analysed the frequency of use of each pair of descriptors. Figure 11 shows
that the bipolar descriptors warm-cool were much less used (11% of the time) than the
other bipolar descriptors (> 23% of the time). This appeared to be aso the case for the
game study. In the second part of the game study the term pair warm-cool was less
consistently used than the other others pairs of descriptors (see longer boxplots). This
could be due to the fact that warm-cool is easier to assess in wearer trials, being relevant
for thermophysiological assessments; in that respect, Smith (1986) claims that “Handle
observations can detect differences between most fabrics in respect of fabric structure,
drape, finish, and so on, but they are unable to assess fabric surface hairiness, thermal
insulation moisture-transfer properties, and garment fit”.

Figure1ll Frequency of use of descriptors
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Finally, we explored if the preference ratings fitted within the INDSCAL space. The
Boxplot in Figure 12 represents the preference rating for the seven textiles. We can see
that the ranking of preference shown by these boxplots corresponds to the ranking of the
samples along dimension 1 (Figure 10).

Figure12 Preference ratings (see online version for colours)
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7 Correlation of results

The results of al studies are collated in Figure 13. Figure 13 shows how the subjective
and objective perceptions of participants relate to the objectively measured physical
properties.

There is a strong relation between textile experts and un-trained consumers in their
grouping of fabrics. Further Spearman’s rank correlations with objective, mechanised
testing are shown in Table 4.

The non-parametric Spearman’s rho test was used to measure the correlation between
the rankings obtained through each group of measurements. For the non-objective
measures, the median values of the rating of the participants were used. In order to
compute the correlations, the subjective ratings were first inverted to reflect the direction
of the corresponding objective scales. One-tail correlation values were hence computed
as positive correlation where hypothesised. Table 4 shows the correlation values.
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Figure 13 Collated results of testing tactile properties (see online version for colours)
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Notes: T2: fabric thickness (2 gf/cm?); T100: fabric thickness (100 gf/cm?);
BRL = bending rigidity longitudinal; BRT = bending rigidity transversal)

Table4 Spearman’ s rho correlation values between subjective ratings and objective testing
data
Soearman’ s rank correlation (one-tail p-value)
Descriptors Consumers (design game) vs. Consumersvs. Trained expertsvs.
scales obj ective measurements trained experts  objective measurements
e Bending rigidity L: Stiff-flexible: o Bending rigidity L:
r=-.928%* r=210** r=-.928%*
: . e Bending rigidity T: e Bending rigidity T:
Flexible-Stiff [ = 886" [ = _ 886
o Extensibility 100T: o Extensibility 100T:
r=.943** r=—.943**
e Thickness T2: r = —901** Thick-Thin: e Thickness T2:
- ** -_ * %
o ThicknessT100;r=—gg3~+ '~ 9% r=-929
. . B e Thickness T100:
Thick-Thin [ = _ 883>
o Surfacethick. STR:
r=—857%*

Note: Only statistically significant correlations are reported.
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Table4 Spearman’ s rho correlation values between subjective ratings and objective testing
data (continued)

Spearman’ s rank correlation (one-tail p-value)

Descriptors Consumers (design game) vs. Consumersvs. Trained expertsvs.
scales obj ective measurements trained experts  objective measurements
¢ No corréelation for thermal Warm-Cool: e No correlation for
measures r=.919** thermal measures
e Thickness ST T2: r = .847** e Thickness T2:
- %
Warm-Cool o Surfacethickness ST: r = r=.750
919+ * o Surface thickness ST:
: r=-1.0**
o Surfacethick. STR: ’
r=.847** o Surface thickness STR:
r=-—786%*
Rough-Smooth Not available Rough-Smooth: Not available
r=.982%*

Note: Only statistically significant correlations are reported.

All the correlation values between experts and non-experts are very high (r > .9) and all
statistically significant (p < .01). The correlations between objective measurements and
either experts or non-experts subjective perceptions are very high for all scales (Jr] > .7)
except the warm-cool scale. The warm-cool scale, which according to the literature
should be related to thermal conductivity and effusivity, is the only one not to show any
correlation with the subjective perceptions; interestingly, however, the subjective
perception for both experts and non-experts closely correlated with thickness
measurements (T2, T100, ST and STR), demonstrating that human evaluators
(independently of their training) may link thickness of a textile to thermal transmission
and thus retention of heat. On the perceptual scale of warm-cool in the design gaming
process, raised cotton has been rated warmest and voile coolest. Objective measurement
for effusivity ranks raised cotton and voile second warmest and second coolest
respectively. The fact that these were the most accurately subjectively rated textiles on
this scale in relation to objective testing seems to confirm the MDS indication that thisis
the least understood perceptual scale.

Thick-Thin scale has more significantly correlated to thickness (T2 and T100) than to
surface thickness (ST) measurements. There is low similarity between the objective
testing results for ST (Figure 1, ST and STR) and the Thick-Thin scale in the INDSCAL
model. This lack of similarity to the objective results can also be seen in the rating scales
generated in Design Games (see Figure 6).

The thick-thin and warm-cool scales show the most variation in ratings of Buckram
and mudlin. Interestingly, these are both fabrics with a particularly open weave structure,
indicating that visual judgements of density may have influenced their rating.

The stiff-flexible scale shows high correlation between objective and subjective
analysis, with al results other than longitudinal and transversal extensibility (L100 and
T100) in correlation to Triadic comparison proving significant (see Table 4). Stiffness
and flexibility was not a commonly used scale in our design game process, however in
the INDSCAL plot (Figure 10) it is one of the scales characterising the stimulus
configuration, meaning that even if not spontaneously used, it is a well understood scale.
When comparing the objective testing results of bending rigidity (Figure 2, B1 and B2) to
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the rating of the textiles on the stiff-flexible INDSCAL scale it appears that participants
were highly accurate at placing textiles on this perceptual scae and a significant
relationship can be observed. This may be confirmed by the fact that the term stiff was
used three times in the term pairing ‘brainstorm’ design game (giving it a higher than
average incidence of usage for a single term) but was only paired with the term flexible
once. On other occasionsit was paired with ‘Loose” and ‘ Stretchy’ .

Buckram has been rated with most variability in al scales. This may be due to the
fact that Buckram is the least familiar of the textiles. Studies have shown that user
perceptions of man made materials are dependent on how familiar they seem and how
natural they are perceived to be (Georgiev and Nagai, 2001).

Overall participants were good at discerning the extremes of all perceptual scales, but
do not seem to be accurate in the judgement of perceptions in between these extremes.
However, we are not aware of how accurate their perception is, and how much variance
they are able to distinguish in properties. E.g., a difference in thickness of 0.01 mm may
not be relevant to touch assessment. Nevertheless, Smith (1986) asserts that hand
evaluations are more accurate than wear trials.

The two most used rating scales in the brainstorm design game were thick-thin and
Rough-Smooth. This is also confirmed by the triadic experiment and Figure 11 shows
that these two bipolar scales were the most used. There is no objective data for
correlation to rough-smooth ratings; still Spearman’s correlation results for the
thick-thin scale show a high degree of overdl correlation, excluding ST, between
untrained consumer and objective testing. This would imply that it is well understood,
perhaps explaining it’'s frequent usage. Stiff-Flexible has similar, if not greater correlation
however.

7.1 Preference

In addition to the similarity data a strong link can be observed between the
Rough-Smooth scale and preference ratings (Figure 12). It is therefore very likely that
this perceptua dimension is the most influential in forming preferential judgements of
textiles, though their end use should be considered as an influencing factor. Participants
were not informed of any usage context for the textiles during these studies. Soufflet
et a. (2004) link preference to the perceptua term pairing they trandate as Soft-Harsh,
more correctly translated as Soft-Rough. Seemingly, the same haptic perception as
Rough-Smooth and therefore lending support to our findings if trandated correctly.
Conversely pre-study comments recorded by Fenko et al. (2010) suggested that comfort
affected the perceived warmth of a textile. This would imply that the warm-cool scale
should be linked to preference and roughness-smoothness, a hypothesis, which our results
do not support.

7.2 Discussion

In this paper, we have proposed a framework to probe the relationship between tactile
perceptions and physical properties of textile materials. Through the case study we
demonstrated that our participants detected the physical properties of the textiles, leading
to a generally high degree of correlation between their perceptions and subjective and
objective ratings as tested at the physical level of the framework. We suggest, therefore,
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that the correlations identified between different human and mechanical evaluations of
perceived textile hand qualities corroborate the use of accessible studies of perception,
such as those used in our non-expert studies. In this case Design Games and triadic
comparison are used at the perceptual space and communication levels of the framework.
These methods give sufficiently accurate results that we propose they can be used
independently by designers who need cheap and accessible methods to explore
perceptions of materials. Equally if they require a deeper, more halistic insight the
methods can be combined to discover how the material qualities are physically perceived,
how the perceptual space they inhabit is understood and communicated. This is
particularly useful for designers hoping to ensure they communicate a brand or design
message through their material choices, but who do not have access to mechanised
testing.

We have shown the importance of including human assessments, as they indicate the
level of accuracy which may be sufficient in objective testing to provide useful datato a
human evaluator (i.e., differences of a certain level may not be perceptible or relevant) as
well as reveading meaningful parameters (i.e., to highlight relevant dimensions of the
experience). From our experimental results, the stiff-flexible bipolar pair has best
illustrated this, considering that participants were highly accurate at placing textiles on
this scale a both perceptual space and communication levels of the framework and a
significant correlation with objective (physical) testing can be observed. This scale may
be easily understood and discerned by touch. However, when assessing fabrics against
the warm-cool scale confusion was observed amongst participants. Correlation results
indicate that both un-trained consumer and trained expert perceptions of warm-cool do
not correlate to the objective testing results for thermal effusivity and conductivity, rather
they correlate to thickness measurements. This may indicate that for certain
characteristics participants perceptions, irrespective of their level of training, could be
the result of a combination of objectively measurable properties and tacit associations,
which suggests a vast field for future research. Arguably this verification of human
subjective intuition may imply that some objective mechanised testing procedures must
change to become better predictors of human perception and not vice versa.

In relation to the methods usage, the design games may help designers to design
better products, as they strive to be ever closer to the people they are designing for. They
can inform designers wishing to conduct user studies, and can help guide their choice of
investigative process without the need for mechanised testing. Thisis particularly true for
the textile and appardl industries, however the multi-dimensional approach discussed will
aso be valuable if applied to testing of other materials with users, in consumer focussed
product design and co-design processes involving a multidisciplinary team. Any design
process that requires communication between materials scientists, designers and product
technologists will benefit from the use of this approach. This is particularly vital in
industries such as Fashion where design education rarely encompasses technical aspects
such as fibre development and materials characterisation. Systems such as the SiroFAST
were developed as a means to communicate between product developers and provide
quality assurance in textile manufacture, however these are rarely used by designers as
they are technical and unintuitive, and require specidist equipment and knowledge for
the evaluation of results.

We propose that the design community can use the non-expert study methods (Triadic
Comparison or Design Gaming) to conduct their own investigations into how consumers
perceive tactile properties knowing that the results are reliable. This has the potentia to
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change the way we communicate. We hope that the easy, low cost methods of studying
tactile perception (which we have shown to be reliable) will alow more intuitive
communication between materials scientists interested in the mechanical properties and
characteristics of materials, and designers who are interested in the sensory and aesthetic
impact of these materials on the people they are designing for.

We hope that we have gone some way towards addressing the problems of
communicating textile hand properties as emphasised by Cardello et a. (2003), who
highlight the lack of theoretical modelsin this research field.

8 Limitations

We sought to test the perceptions of un-trained consumers naturalistically as they would
experience textiles in a retail environment, however this did not allow us to explore the
accuracy of their sense of touch independently of other modalities, particularly vision.
Further research may help usto answer how small a difference in the objective properties
of atextile an untrained evaluator can perceive. It may also be appropriate to test whether
un-trained consumers rate textiles more closely to objective testing results when using
prescribed handling and manipulation methods such as those suggested by the AATCC
Evauation Procedure 5 (2006).

Kim and Winakor (1996) also suggest that unipolar perceptual scales are more
intuitive for participants than bi-polar scales. Although this is not standard descriptive
practice in the textile industry, further study with unipolar perceptua scales may clarify
the usage of terms such as Warm and Cool. This scale was not well understood, however
as separate descriptors consumers may better understand and utilise the terms warm and
cool.

In future studies, it would also be pertinent to include descriptive terms with an
emotional component. The concurrence between preference ratings and the rough-smooth
perceptual scale demonstrates that such perceptions cannot be excluded from appreciation
of textile hand. While in this study we sought to limit the investigation to terms relating
to physical properties, this may in-fact prove to artificialy restrict terms that participants
naturally use as they may not see any distinction in the descriptive utility of hedonic and
non-hedonic terms.

9 Conclusions

In this work, we have proposed the tactile triangle framework to access peopl€’s tactile
experience with textiles. Through the case study we investigated the relation between
subjective and objective assessments of tactile properties of textiles by different parties
(trained designer, un-trained consumer and machine). By allowing comparisons to be
drawn between al three, we thusfill the current gapsin research in this area.

The main strength of the proposed tactile triangle framework is that, as the case study
demonstrates, perceptual data gained from methods used to investigate each of the levels
largely corresponds to the data gained through other levels and methods. Thus the tactile
triangle can be applied integrally or in parts according to the research question being
pursued (e.g., if the interest lays in investigating what language a population uses, then
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design games can be used, especidly if time is a congtraint; if the focus is on important
dimensions for the experience, then triads are better suited; or if the interest is in the
correlation to objective measures, then design games and physica testing can be
employed).

10 Futurework

As the textiles used for the case study were dissimilar in nature, in future we want to
investigate if, for fine grain levels of comparison, this framework will still be useful, e.g.,
comparing two fabrics that are very similar to test if the consumer and designer differ in
their perceptions.

Our case study attempts to relate the perceptions of experts to consumers, enabling
them to communicate via a shared understanding of the tactile properties of textiles. Such
communication is increasingly digital, therefore we intend our methodology to inform
digital communication around the tactile properties of textiles (Hughes et a., 2012) and
inform the presentation of digital textile swatches, particularly for touch screen devices
(Atkinson et a., 2013; Orzechowski et d., 2011; Petreca et a., 2013). We believe that
perception of textile hand is a truly multi-modal experience (Cho et a., 2002; Citrin et
a., 2003) and will next investigate the use of other modalities such as images, sounds and
even physiological changes.
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