ol COMMUNICATIONS IN
r ) DEVELOPMENT AND ASSEMBLING OF TEXTILE PRODUCTS
ATP

Influence of environmental temperature on the hand-feel
perception of textiles

Lars Claussen’, Kimberly Lim', Julia Wilfling', Alex Lloyd', Daniel Ruiz?,
George Havenith'*

T Environmental Ergonomics Research Centre, Loughborough School of Design and Creative Arts, Loughborough
University, Loughborough, UK

2adidas Innovation, adidas AG, Herzogenaurach, Germany

*Corresponding author E-mail address: g.havenith@lboro.ac.uk

INFO ABSTRACT

CDAPT, ISSN 2701-939X The present study investigated the effect of environmental
Peer reviewed article temperature on the hand-feel perception of textiles. Participants
2023, Vol. 4, No. 1, pp. 95-109 were exposed to three different climate conditions (10 °C/20 °C/
DOI 10.25367/cdatp.2023.4.p95-109 30 °C, RH 65 %) to simulate cool, mild, and warm environments.
Received: 30 November 2022 Hand-feel attributes, comfort, and preferences of a wide range of
Accepted: 24 January 2022 textiles were rated by the participants. Participants’ body responses
Available online: 25 March 2023 to the different temperatures were controlled by monitoring

participants’ aural temperature, mean skin temperature, hand
temperature, tactile sensitivity, and environmental perception.
Fabric weight was measured to monitor changes in textile
properties induced by the different environmental conditions. The
outcomes of the study suggest that the environmental temperature
led to significant changes in participants’ aural temperature, mean
skin temperature, hand temperature, tactile sensitivity, and
environmental perception, affecting the hand-feel perception of the
different textiles. Thus, the present study provides insight for
practitioners to develop more comfortable textiles for specific
environmental temperatures by establishing a basis for
understanding how environmental temperature, body responses,
and hand feel perception interact.
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1 Introduction

Perception of clothing/textiles and their related comfort needs to be considered in the interplay of clothing,
environment, and body. One factor is affecting the other [1]. Therefore, changes in environmental
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conditions, like in the case of the present study the environmental temperature, are affecting the human
body and also the textile itself. For example, in the heat, the human body starts sweating, and the
properties of the textile can change, as shown by Naebe et al. [2] for the objective hand-feel measurement,
which consequently leads to a changing perception of the textile [3, 4]. The present study applied this
holistic clothing-environment-body view from the clothing/textile perception to the hand-feel perception of
textiles.

Textile hand-feel is seen as one component of clothing comfort next to the physiological and psychological
components [5, 6]. Textile hand-feel can be defined as the sensations caused by a textile in contact with
the skin [5, 7-9]. The sensations induced by textile-skin contact are categorised into four types of sensorial
properties which can influence each other. Sensorial properties like smoothness, roughness, prickliness,
stickiness, scratchiness, softness, and stiffness are related to the mechanical properties of the fabric [9].
Skin contact with a textile can lead to the sensation of a temperature change, described as a warm or cold
touch. Moisture-related sensations include clamminess, dampness, wetness, stickiness, and clingy
sensations. The pressure of the fabric refers to sensations like lightness, heaviness, softness, and stiffness
[10, 11]. Similarities exist between the descriptors used for hand-feel, environment and body. For example,
a warm or cold sensation is typically used to describe the environmental temperature, and a sweaty body
can feel wet or sticky.

Physiology can explain how the environmental temperature potentially influences the textile hand-feel
perception. As part of thermoregulation, the body either increases the blood flow to the skin (vasodilation)
or reduces the blood flow to the skin (vasoconstriction). The first cools the body with an increased skin
temperature, while the second reduces the skin temperature and prevents heat loss. This process
particularly impacts extremities such as hands [12, 13]. Several studies have shown that skin temperature
affects tactile sensitivity. Especially a reduction in skin temperature leads to a deterioration of tactile
sensitivity. Within the studies, the effect of skin temperature on tactile sensitivity varied with the mode of
tactile stimulation, quality of the stimulus, and type of threshold determination [14—-22].

While the hand-feel itself, or more specifically the tactile sensitivity, is influenced by the environmental
temperature, only limited research has investigated how the environmental temperature influences the
perception of textile hand-feel. Liao et al. [23] investigated the influence of temperature and humidity
acclimatisation on textile hand-feel perception. 226 participants from six East-Asian cities with different
climates assessed fabrics in a chamber with constant climate conditions. It was found that the climate to
which the participants were habitually acclimatised affected their smoothness and warmth perception.
While this study shows that the climatic environment in which the participants live affects the hand-feel
rating, it does not show how the actual environmental temperature during the experiment affects the hand-
feel rating, as this was kept constant. Similar to the present study, Gwosdow et al. [24] studied the influence
of skin friction on the perception of fabric texture and pleasantness in a hot-dry, hot-humid and neutral
environment. Increasing the temperature and humidity led to higher skin wetness, associated with a higher
force needed to pull fabrics over the participants’ skin. The higher skin wetness and friction in warm-humid
environments were connected with a less pleasant and more rough perception of the tested fabrics. The
superficial perception rating used in Gwosdow et al.’s study does not deliver detailed insight into textile
hand-feel perception changes. The study focused mainly on skin friction and used a passive forearm-feel
evaluation method (fabrics pulled across the participant’s forearm). In the present study, an active hand-
feel evaluation method is used. Gwosdow et al.’s. study was also limited to mild and warm temperature
conditions. During controlled wear ftrials, Stanton et al. [25] showed that the environmental climate
influenced the prickle and discomfort scores of woollen long-sleeved t-shirts.

Studies have shown that environmental temperature influences tactile sensitivity. How this affects the
textile hand-feel perception is not fully understood yet and is relevant for developing clothing/textiles made
for specific climates. Appling a clothing-environment-body view, the present study investigates if and how
the perception of hand-feel attributes, comfort, and preferences of a wide range of textiles changes in cool
(10 °C, RH 65 %), mild (20 °C, RH 65 %), and warm (30 °C, RH 65 %) environments while monitoring
participants’ aural temperature, mean skin temperature, hand temperature, tactile sensitivity,
environmental perception and fabric weight.
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2 Method
21 Materials

A major sports clothing company supplied textile fabrics with a wide range of characteristics designed for
different seasons. The textiles had different fabric structures and thicknesses and were made from different
materials. The specifications of the textiles are given in Table 1. Textile 2 (polyester fleece) and textile 5
(wool fabric) represent fabrics for cooler seasons, while textile 7 (thin polyester single jersey) is a typical
example of fabric for warmer seasons.

Table 1: Specifications of the textiles used.

Textile Material composition Structure Weight Thickness
[%] [g m?] [mm]

1 100 % Polyester Single jersey 145.9 0.83

2 100 % Polyester Double layer, 157.9 213

Face side: Brushed fleece
Skin side: Single jersey
3 100 % Cotton Double knit, 303.5 1.93
Face side: Single jersey
Skin side: Waffle

4 100 % Polyester Interlock 123.1 0.64
5 100 % Wool Flat knit 342.8 2.34
6 80.5 % Polyester Single jersey 233.5 0.84

14.6 % Cotton
4.9 % Elastane

7 100 % Polyester Single jersey 75.5 0.36

Table 2: Fabric structure of the face (upper row) and skin side (lower row) of the textiles used. The pictures
represent a fabric width of 10 mm.
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2.2 Research design and analysis

To investigate how the environmental temperature affects the hand-feel perception of textiles, three study
sessions in cool (10 °C, RH 65 %), warm (30 °C, RH 65 %), and mild (20 °C, RH 65 %) temperature
conditions were conducted in a climate-controlled chamber. The textiles were acclimated two hours before
the experiment, and the participants were acclimated for 30 minutes at seated rest. Changes in the fabric
weight, body responses, environmental perception, and textile hand-feel perception were measured during
the experiment. Participants were asked to wear clothing in which they felt comfortable during the sessions,
but did not cover their hands.
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After the two hours acclimation of the textiles, the fabric weight was measured at the respective
environmental temperature following BS EN 12127:1998 [26]. The fabric weight was monitored to identify
potential effects on the textile properties due to temperature changes and, related to this, absolute humidity
changes in the environment.

Through physiological measurements and perception ratings it was monitored how the body reacts to
changes in environmental temperature. iButtons placed at the chest, left upper arm, left anterior thigh, and
left shin measured the mean skin temperature of the participants every minute from the start of the
acclimation till the end of the session according to Ramanathan’s 4-point mean skin temperature protocol
[27]. The participant’s aural temperature was measured at the start of the acclimation period, after the
acclimation period and at the end of the session using a Braun Welch Allyn Thermoscan Pro4000. These
three-time points will be referred to as ‘Pre’, ‘Post’ and ‘End’ in the graphs of the present manuscript. Hand
temperature was measured by infrared thermal imaging at the same three points in time. Following
recommendations from the literature, a FLIR T620 camera was set up and calibrated using an Omega
Black Point Blackbody Calibrator BB702 [28, 29]. Using the FLIR tools program, the temperatures at the
palm, proximal little finger, distal little finger, thump, proximal index finger and distal index finger of the
right and left hand were extracted from the thermal images. The participants’ tactile sensitivity was
measured in the same areas of the hands after the 30 min acclimation period using an Aesthesio Precision
Tactile Sensory Evaluator 20-piece kit of Von Frey filaments. The cutaneous sensation threshold,
measured as the minimum tactile force applied necessary to evoke a sensation, was determined following
the 4,2, and 1 stepping algorithm by Dyck et al. [30]. The environmental perception was assessed following
ASHRAE standard 55 by asking participants to rate their thermal sensation, thermal preference, comfort
and satisfaction on 7-point Likert scales [31].

After acclimation and the physiological measurements, the participants evaluated hand-feel attributes and
comfort of the face side of seven textiles and selected their preferred textile for the respective session.
The hand-feel evaluation followed the guidelines given in AATCC EP5 [32]. Participants sat behind a
shield, so they were blinded and could only feel the textile samples. The textiles were presented in a
randomised order to avoid any order effects. For the hand-feel evaluation, participants performed the
touch-stroke, rotating cupped/squeeze, and pinch method with their hands as described in AATCC EPS5.
The following seven hand-feel attributes were evaluated during the study on a 7-point Likert scale with
bipolar attributes at both extreme ends: Warm-cool, rough-smooth, hard-soft, stiff-flexible, thin-thick, dry-
damp, and light-heavy. The comfort of the textiles was evaluated on a comfort affective labelled magnitude
(CALM) scale [33]. At the end of each session, participants were asked to choose their preferred textile to
wear in the designated condition.

Statistical analysis was performed to determine if there is a significant difference in the physiological
measurements and perception ratings between the three sessions (10 °C, 20 °C, 30 °C) post acclimation.
For the aural, mean skin, and hand temperatures, a one-way repeated measures ANOVA was performed
with post-hoc tests. A Friedman’s test was used to determine differences in the hand-feel attribute rating,
CALM scores, thermal assessment ratings, and tactile sensitivity between the three sessions. The Chi-
square goodness of fit test was used to test whether there was a significant preference for one or more
fabrics in the preference vote. A significance threshold of p < .05 was set for all statistical tests.

2.3 Sample

A convenience sample of ten participants was recruited from the Loughborough University student cohort.
The sample size followed the recommendations for controlled clothing physiology trials [34—-36]. The
participants had a mean age of 24.5 (SD = 2) and were all right-handed. Six females and four males
participated in the study. The inclusion criteria for the study were that the participants are healthy, non-
smokers, and aged between 18 and 35. Due to the nature of the study, it was emphasised that the
participants had no skin abnormalities in the palm and finger areas, such as rashes and calluses, and had
no hand sensation impairments. Loughborough University’s Human Participants sub-committee granted
ethical approval for the study (Project ID: 8583), and participants gave informed consent.
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3 Results

In all three temperature conditions, the fabric weight of all textiles stayed constant. No significant difference
could be found, and the standard deviation was at a maximum of 1.42 g m (textile 5, 30 °C). This suggests
that the textile properties are only affected to a limited extent by the changes in the environmental
temperature. The fabric weight, for example, facilitates the assessment of moisture absorbed from the
environment into the textiles.
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Fig. 1: Fabric weight of textiles 1 - 7 at 10 °C, 20 °C, and 30 °C; The graph shows the mean with SD.

In contrast to the textiles, the participants’ bodies showed clear reactions to the changes in environmental
temperature. Throughout the individual sessions, the three measured temperatures, aural (Fig. 2 a), mean
skin (Fig. 2 b), and hand temperature (Fig. 3), followed the expected trends. In the warm condition, the
three temperatures increase; in the cool, they decline; and in the mild condition, they stay relatively stable.
For the hand temperature, it was interesting to observe that the closer the measured points were to the
centre of the hand, the warmer they were, and the farther away the measured points were, the cooler they
were. A repeated measure ANOVA showed that there is a significant difference in the temperature
measurements between the three sessions (10 °C, 20 °C, 30 °C) post acclimation. For the aural
temperature, a post hoc test showed that the aural temperature was significantly higher in the warm
environment than in the neutral environment. The mean skin temperature at minute 30 (start of post
acclimation) differed significantly between the three sessions, increasing from cool to neutral to warm.
There was a significant difference in hand temperature between the three sessions after acclimation for
both the right and left hand in all six hand locations. Again the hand temperature increased from cool to
neutral to warm.

The global picture that arose from the absolute values of the tactile sensitivity test measured by the Von
Frey Filaments was that a higher tactile force was required to elicit a sensation in the cool condition than
in the other two conditions, meaning that the participant’s hands were less sensitive in the cold. Statistical
tests partially confirmed this picture, especially for the right hand, which was less sensitive than the left
hand. A red asterisk in Fig. 4 indicates significant differences between the three sessions identified by a
Friedman test. Based on pairwise comparisons, the significant difference was most frequently found
between the sessions at 10 °C and 30 °C. Exceptions are the right palm, right proximal little finger, left
proximal little finger, and right distal index finger. For the latter two, no difference was found in the pairwise
comparison. For the right palm, there was next to a difference between the sensitivity at 10 °C and 30 °C
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also, a difference between 20 °C and 30 °C. The right proximal little finger’s sensitivity differed between
10 °C and 30 °C, and between 10 °C and 20 °C. Further, the variation in hand sensitivity was much higher

in the cool condition than in the mild and warm conditions, which matches the variations in hand
temperature.
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Fig. 2: (a) Aural temperature at 10 °C, 20 °C, and 30 °C for the points of time pre- and post-acclimation and at the
end of the session; (b) Mean skin temperature 10 °C, 20 °C, and 30 °C recorded every minute of the sessions;
Graphs show the mean with SD.
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Fig. 3: (a) Left hand temperature and (b) right hand temperature at 10 °C, 20 °C, and 30 °C for the points of time
pre- and post-acclimation and at the end of the session; The hand temperature is displayed for the palm, proximal
little finger, distal little finger, thump, proximal index finger and distal index finger; Graph shows the mean with SD.
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Fig. 4: (a) Left hand sensitivity and (b) right hand sensitivity post acclimation at 10 °C, 20 °C, and 30 °C measured
by Von Frey Filaments. The hand sensitivity is displayed for the palm, proximal little finger, distal little finger, thump,
proximal index finger and distal index finger; Graphs show the mean with SD.

Participants’ perceptions of the environmental conditions during the three sessions differed substantially.
For the 20 °C sessions, the median of the thermal sensation rating was ‘neutral’, the thermal preference
was ‘no change’, the participants felt ‘comfortable’, and the participants were satisfied with the
environmental conditions. Changing the ambient temperature to 30 °C resulted in median ratings that went
more towards the extremes of the scale. According to the median ratings, participants felt ‘warm’ and
would prefer a ‘slightly cooler’ environment. Resulting in a ‘slightly uncomfortable’ and ‘slightly dissatisfied’
environmental assessment, the worst assessment of all three sessions. At 10 °C, the environmental
conditions were perceived as ‘slightly cool’, and the participants would prefer a ‘slightly warmer
environment. The comfort and satisfaction assessment median rating was between ‘neutral’ and ‘slightly
comfortable/satisfied’. A Friedman test confirmed that the environmental assessment differed significantly
between all three sessions. The details of the pairwise comparison are shown in Fig. 5 by asterisks.

The hand-feel attribute rating of the seven textiles during the three sessions is displayed in Fig. 6. To better
illustrate variations in the hand-feel attribute rating between the three sessions, Fig. 7 shows the mean
difference between the rating at 20 °C, which was taken as a standard, and the rating at 10 °C and 30 °C.
As the rating was done on a 7-point Likert scale, the highest possible variations are + 6. It stands out in
Fig. 6 that the hand-feel attribute rating for the textiles varied strongly, which reflects the diversity of the
selected textiles. The rating also corresponds to the objective hand-feel measurements of the textiles
conducted in previous studies (Wilfling, unpublished results). Although there were significant differences
in the textile attribute rating between the sessions, it is difficult to establish a general trend of how the
environmental temperature influences the hand-feel attribute rating. Statistical differences are indicated in
Fig. 6 by asterisks. Most frequently, significant differences between the session were found for the
attributes thin-thick (5 of 7 textiles), followed by stiff-flexible (3 of 7 textiles), warm-cool and hard-soft (2 of
7 textiles), and light-heavy (1 of 7 textiles). There was no significant difference for all textiles for the
attributes dry-damp and smooth-rough. A paired comparison showed that the significant difference was
most frequent between the sessions at 10 °C and 30 °C. The inconsistent trend in the effect of temperature
on the attribute rating can also be seen in Fig. 7. While the mean rating at 10 °C and 30 °C vary from the
rating at 20 °C, there is no clear direction in which the ratings deviate. Generally, there is a limited variation
from the 20 °C rating. The mean 10 °C ratings deviated at most by 0.9. This was the case for attribute
smooth-rough for textile 2 and light-heavy for textile 5. For the mean 30 °C ratings, the maximum deviation
was 1.5, as found in textile 6 for the attribute warm-cool.
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Fig. 5: Environmental perception of (a) Thermal sensation, (b) Thermal preference, (c) Comfort, and (d)
Satisfaction at 10 °C, 20 °C, and 30 °C; Asterisks demonstrate significant differences based on a pairwise
comparison; Graphs show the median with interquartile range.

The textile comfort rating (Fig. 8 a) reflected the season the textiles were designed for. The thicker fabrics
2, 5, and 3 were rated as comfortable in cool conditions and rated as uncomfortable in warm conditions.
On the other side of the scale, the thinnest textile, 7, was rated the most comfortable in warm conditions
and the most uncomfortable in cool conditions. The most comfortable textile in the mild condition was
textile 6. Textile 4 was the only textile that was perceived as comfortable in all three conditions. The comfort
rating also significantly differed between the three conditions for textiles 2, 5, 6, and 7. The significant
difference mainly occurred when comparing the rating at 10 °C with the rating at 20 °C or 30 °C.

The results of the comfort vote were reflected in the preference rating. Textiles 2 and 5 were the preferred
textiles at 10 °C. Textile 6 was most preferred, followed by both textile 4 and 7 at 20 °C. For 30 °C, textiles
7 and 4 were the preferred ones with equal votes. A chi-square test confirmed that the textiles described
above were significantly preferred in the respective conditions over the other textiles.
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Fig. 5: Hand-feel attribute rating of textiles 1 - 7 at 10 °C, 20 °C, and 30 °C; The graphs show the median with

interquartile range.

103



A Textile 1 A Textile 2
. At . —A——
Light: Heavy Light L Heavy
—A— ——A——
Dry L Damp Dry i Damp
Thin Thick Thin Thick
' a " ]
Stiff: Flexible Stiff: Flexible
Hard * Soft Hard g Soft
Roughj T Smooth Rough{ ! Smooth
—A— —h—t
Warm - Cool Warm Cool
6 2 0 2 6 6 4 2 0 2 4 6
Variation from 20 °C rating Variation from 20 °C rating
e A10°C 4 A30°C e A10°C 4 A30°C
A Textile 3 A Textile 4
. + & ) R
Light: .« Heavy Light iy Heavy
— ; & 1
Dry - Damp Dry o Damp
Thin o Thick Thin cer Thick
Stiff * Flexible Stiff L Flexible
Hard Soft Hard ¥4{ Soft
Rough ‘ o Smooth Rough Smooth
Warm * B ‘ Cool Warm P Cool
6 2 0 2 -6 6 4 2 0 2 4 6
Variation from 20 °C rating Variation from 20 °C rating
e A10°C 4 A30°C e A10°C A A30°C
A Textile 5 A Textile 6
i ! . — A
Light o Heavy Light o Heavy
—k—— [
Dry: - Damp Dry Damp
Thin B Thick Thin 4 Thick
Stiff L Flexible Stiff . Flexible
Hard ; Soft Hard }77 Soft
Roughf — Smooth Roughf ! Smooth
. [ E—
Warm }74{ Cool Warm - Cool
6 2 0 -2 -6 6 4 2 0 -2 -4 -6
Variation from 20 °C rating Variation from 20 °C rating
e A10°C 4 A30°C e A10°C 4 A30°C
A Textile 7
. —h—
Light o Heavy
A
Dry e Damp
. e .
Thin Thick
Stiff b Flexible
; & d
Hard — Soft
F & d
Rough1 o Smooth
[ Sl
Warm 3 Cool
6 4 2 0 2 -4 %
Variation from 20 °C rating
e A10°C 4 A30°C
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graphs show the mean with SD.
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4 Discussion

Based on the results of physiological measurements and a textile hand-feel assessment conducted at cool
(10 °C, RH 65 %), warm (30 °C, RH 65 %), and mild (20 °C, RH 65 %) temperature conditions, it will be
discussed how the environmental temperature affects the textile hand-feel perception and related body
reactions.

As expected, the aural, mean body and hand temperature increased in the warm, decreased in the cool,
and stayed rather constant in the mild conditions during the acclimation period and experiment.
Interestingly, while the aural and mean skin temperatures started for the three conditions nearly from the
same temperature, the mean hand temperatures deviated almost immediately upon entering the climatic
chamber, showing a consistent pattern during the 30 minutes acclimation period across hand sites.
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Along with hand and skin temperature, tactile sensitivity differed between the three sessions. It can
generally be stated that in the cool session, hands were less sensitive. Although not for all hand areas, a
statistical difference was found. Previous studies confirm that at a hand skin temperature below the range
of 25 °C to 20 °C first changes in sensitivity occur. During the experiment’s cool session, participants’ hand
skin temperature reached this range. Severe loss of tactile sensitivity is apparent at hand temperatures
below 10 °C [13, 19, 21]. Due to the safety and comfort of the participants, these temperatures were not
targeted in the present study. The left and non-dominant hand seemed more sensitive and had slightly
higher hand temperatures than the participants’ right hand. However, no statistically significant difference
was found between the left and right hand tactile sensitivity and temperature. Other studies suggest such
a difference in sensitivity between the right and left hand, with the left hand being more sensitive [37].
Using nylon filaments to measure tactile sensitivity in different climates can represent a potential source
of error [38], as the climate can influence the filaments’ properties. Potentially the filaments get stiffer in
cold and softer in warm conditions, meaning that less target force would be needed in the cold and more
target force in the warmth to evoke a sensation. An effect that would be contrary to the outcomes of the
present study, where more target force was needed in the cold and less in the warmth to evoke a sensation.
Moreover, Andrews [38] showed that relative humidity significantly affects the accuracy of von Frey
filaments, but this was kept constant in the present study. Only a small effect of temperature, on the
accuracy of von Frey filaments was observed [38] implying that the use of the Von Frey filaments in the
present study with only changes in temperature was warranted. Next to the conducted physiological
measurements, it was also assessed how the participants perceived the cool, mild, and warm conditions.
The perception of the three sessions differed significantly from each other.

While physiological measurements and environmental perception showed a clear picture aligned with the
literature, this is not the case for the textile hand-feel perception. Significant differences in the attribute
rating were present, but the differences in the attribute ratings varied from textile to textile. It can be
concluded that environmental temperature influences the hand-feel attribute rating, but no general
conclusions can be drawn about how environmental temperature affects attribute perception. This is in
contrast to previous literature, which found that the roughness sensation increased with the environmental
temperature [23, 24]. Even if Fig. 7 shows a slight shift of the sensation towards a rougher sensation in
the warm condition and a smoother sensation in the cool condition, the present study showed no significant
differences in the roughness—smoothness ratings for any of the seven textiles between the three
temperature conditions. There are many possible explanations for this contradiction with previous studies.
Most importantly, the study design and research question were different in all three studies. Gwosdow et
al. [24] used a passive forearm-feel assessment where fabrics were pulled over the participant's forearm.
In the present study, participants actively touched the textiles with their hands. Different regions of the
body have different sensitivities to the perception of roughness, and the sensation of textiles may differ
when touched actively or passively [23, 39]. Other vital aspects are the scales and descriptors used to
evaluate the fabrics. For example, Gwosdow et al. [24] used a visual analogue scale, whereas the present
study and Liao et al. [23] used a 7-point Likert scale. The descriptors are slightly different in all three
studies. It is not very meaningful to compare the hand-feel rating obtained from two different scales. This
can be seen by comparing the rating from the present study with the rating from a previous study using
the same textiles but different scales [40]. Textile selection is another issue that could explain the
differences in roughness perception between the three studies. This study used fabrics designed for
sportswear, which were mainly synthetic. Gwosdow et al. [24] used only natural materials, which tend to
be rougher than synthetic fabrics. Liao et al. [23] used a wide range of fabrics. Turning to the actual
research question of this study, which is how environmental temperature affects the perception of textile
hand feel, it is clear that it differs slightly from the other two studies. Gwosdow et al. [24] investigated the
interaction between skin friction, skin wetness, textile perception, temperature and humidity. Higher skin
wetness and friction in warm-humid environments were associated with a less pleasant and rougher
perception of the fabrics tested. Humidity and skin wetness, which were not the focus of this study, could
explain the differences in perceived roughness [41, 42]. Liao et al. [23] studied the influence of temperature
and humidity acclimatisation on the perception of the hand feel of textiles. The climatic conditions during
the experiment were the same for each participant, suggesting that the place of residence and the local
climate influenced the participants' roughness perception. For the present study, the acclimatisation of the
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participants was the same. However, participant selection is an important factor that could explain the
differences in roughness perception between studies. For example, it is known that participants from
different cultural backgrounds rate differently on Likert scales [43]. Therefore, comparisons of subjective
ratings between subjects in the UK and East Asia have limitations. Explanations for the differences in
roughness perception between the three studies are manifold. Following the clothing-environment-body
approach, further research into the influence of humidity on the hand-feel of textiles is suggested. The
influence of the temperature on the comfort rating was obvious and plausible. The textiles 2, 5, 6, and 7
that can be assigned to a specific season were rated significantly different on the comfort scale in cool,
mild, and warm environments. Thicker fabrics were perceived as more comfortable in the cool, and thinner
fabrics were perceived as more comfortable in a warm environment. The attribute thin—thick also had a
statistically significant difference in most textiles between the three sessions. The comfort perception of
the textile hand-feel differs in different environmental temperatures, and textiles can be designed to
provoke a certain comfort sensation in a specific environmental temperature. The insights from the comfort
rating are also reflected in the preference vote. Textiles designed for specific environmental conditions,
like fleece for cool conditions, were also preferred in these conditions.

So far, this paper has focused on the influence of environmental temperature on the hand-feel perception
of textiles. The following section will discuss whether there are any differences between females and males
in the hand-feel perception of textiles when exposed to three different environmental temperatures.
Previous studies have suggested that there are sex differences in sensory perception [44-46]. A Mann-
Whitney U test was performed to determine differences between females and males in the hand-feel
attribute ratings, CALM scores, thermal assessment ratings, and tactile sensitivity. An unpaired t-test was
performed for aural, mean skin and hand temperatures. The results of the statistical analysis suggest that
there are no differences between males and females in the textile perception ratings and physiological
measurements performed in this study. Thus, this study confirmed previous research using the same
textiles, which found no differences in the hand-feel ratings of textiles between males and females [40]. It
should be noted that the present study was not designed to identify differences in hand-feel perception
between males and females. For example, the sample size and selection of textiles may have influenced
the statistical analysis results.

5 Conclusions

Based on a hand-feel assessment of textiles and monitoring participants’ body responses while
participants were exposed to three different environmental temperatures (10 °C/20 °C/30 °C, RH 65 %), it
can be concluded that environmental temperature led to significant changes in participants’ aural
temperature, mean skin temperature, hand temperature, tactile sensitivity, and environmental perception,
affecting the hand-feel perception of the different textiles. While the perception of the hand-feel attributes
changed with the environmental temperature, no consistent effects were observed across textiles, and
thus no general conclusions can be drawn about how environmental temperature affects attribute
perception. Textiles designed for specific seasons, such as thick fleece fabrics for the cold or very thin
fabrics for the warmth, are preferred and perceived as more comfortable in the respective environment
they are intended for. Thus, the present study not only builds a foundation to understand how
environmental temperature, body responses, and hand-feel perception interact but also delivers insights
for practitioners to develop more comfortable textiles for specific environmental temperatures. While the
study monitored various body responses that might be affected by the environmental temperature, the skin
wetness of the hands was not monitored. It is suggested that skin wetness is potentially relevant for the
hand-feel perception and should be considered in future studies [24, 41, 42]. The present study focused
on environmental temperature; investigating the influence of humidity or humidity and temperature
combined could also be interesting.
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