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Abstract The perception of comfort is a complex and multi-factorial phenomenon based upon three main
components: (i) psychological factors relating to an individual’s role, values and social being, (ii) sensorial
factors relating to the thermal, tactile and pressure sensations generated between clothing and the skin and (iii)
physiological factors which affect body function during activity i.e. mechanical aspects (fit, level of support)
and thermal aspects (heat and moisture transfer) (1,2). The evaluation of comfort in clothing has primarily
been determined in relation to the physiological component. The exploration and understanding of psycholog-
ical and sensorial factors of comfort is therefore limited. This paper will consider the methods which can be
used to explore all three components of comfort and the insights gained from undertaking a multi-factorial
approach. This multi-factorial approach was adopted in relation to a footwear application investigating the
importance and role of the sock on comfort within the foot-shoe system. Four socks identical in de-
sign/construction but different in fibre composition (94% of either cotton, wool, polyester or coolmax with
3% polyamide and 3% elastane) were used for the assessment. Psychological factors were explored using
Best-Worst Scaling to allow for the assessment of attribute importance and consumer preferences. Sensorial
factors of comfort for each sock were evaluated by filling in a questionnaire containing 15 sets of opposing
adjectives (e.g. thick vs thin, comfortable vs uncomfortable) to allow for semantic profiling. This was per-
formed at rest with socks being applied to the participants feet (passive assessment) and following exercise
(dynamic assessment). The evaluation of physiological comfort was achieved through completion of five run-
ning trials performed on separate occasions for each sock and without a sock. Foot skin temperature, in-shoe
temperature and in-shoe humidity were monitored throughout. Subjective ratings (thermal sensation, wetness
perception, stickiness and thermal comfort) for the foot were recorded. Comfort and functionality were identi-
fied as important attributes influencing sock purchase. Assessments performed passively allowed for sensitive
discrimination of textile properties between sock conditions (i.e. rough/smooth, scratchy/silky). During dy-
namic assessment however, the ability to discriminate between textile properties reduced. Wearing socks dur-
ing running reduced discomfort compared to not wearing a sock but did not affect shoe microclimate. Overall,
assessment of clothing comfort utilising a multi-factorial approach indicated that: (1) assessment of sock
properties change from passive to dynamic assessments, (2) socks influence sensorial comfort within the foot-
shoe system but have little physiological impact and (3) running without socks result in greater thermal dis-
comfort compared to running with socks.
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1 Introduction

The perception of comfort is a complex and multi-factorial phenomenon based upon three main compo-
nents: (i) psychological factors relating to an individual’s role, values and social being, (ii) sensorial factors,
relating to the thermal, tactile and pressure sensations generated between clothing and the skin and (iii) physi-
ological factors which affect body function during activity i.e. mechanical aspects (fit, level of support) and
thermal aspects (heat and moisture transfer) (1,2).

The evaluation of clothing comfort has primarily been determined in relation to physiological factors.
Havenith (3) showed how parameters relevant to heat exchange processes (air and radiant temperature, hu-
midity, wind speed, metabolic production and clothing insulation) impact a worker’s thermal stress and high-
lighted the relevance of clothing design, clothing fit and clothing air permeability. Knowledge of human local
sweat patterns (4) have recently been applied to the design of sportswear. Results have shown improvements
in thermo-physiological responses and thermal perception for body mapped ensembles compared to tradition-
al ensembles when running in a warm environment (5).

Sensorial factors have also been evaluated, primarily through touch and interaction with textiles, the pro-
cess of which is referred to as the ‘fabric hand’. Although there is lack of consensus regarding the psycho-
physical techniques to apply, the use of semantic profiling (bipolar rating scale consisting of opposite word
pairs i.e. hot — cold, rough — smooth) is now frequently used (6—8). Semantic profiling allows for the identifi-
cation of specific sensory qualities (hot — cold, rough — smooth etc.) but also the perceived magnitude of those
sensations (very hot, slightly rough etc.). Primarily assessed through the ‘fabric hand’, it is not known how
these sensations translate to the sensations experienced when a garment is worn at rest or during activity.
Moreover, there are no subjective criteria relating to hand feel (9) and so the specific qualities and magnitude
of sensations required for clothing comfort have not been identified.

Despite growing interest, the exploration and understanding of psychological factors of comfort is limited.
To identify consumer needs and expectations, researchers have assessed the importance given by consumers
to various clothing attributes such as fit, price and comfort etc. (10,11). However, discrimination between at-
tribute importance is not always possible when using rating scales as respondents often rate all attributes as
‘important’. Best-Worst scaling commonly used in sensory science to explore consumer perceptions to food
products and packaging allows for greater discrimination of attribute importance. Individuals are required to
identify the best and worst attributes for combinations of profiles relating to clothing features and characteris-
tics (12,13). Although the method has not been applied within clothing science, identification of consumer
expectations is useful for product innovation and marketing.

This paper will consider the methods which can be used to explore all three components of comfort in
clothing and the insights gained from undertaking a multi-factorial approach. This multi-factorial approach
was adopted in relation to a footwear application investigating the importance and role of the sock on comfort
within the foot-shoe system.

2 Method

10 healthy females [age: 23 + 4 years; height: 169.1 + 4.6 cm; body mass: 62.7 + 8.2 kg; foot size: 6.5 +
0.6 UK] volunteered to participate in this study. Participants were required to visit the laboratory for 6 exper-
imental sessions performed in a climatic chamber maintained at 23°C, 50% RH.

Four socks identical in design/construction (ankle length, single jersey, ribbed cuff) but different in fibre
composition (94% of either cotton, wool, polyester or coolmax with 3% polyamide and 3% elastane) were
used for the assessment of comfort. Socks were matched for thickness and mass.

During the first experimental session, the assessment of psychological comfort was performed using Best-
Worst scaling. 13 key attributes (Table 1) were identified from clothing literature (6,9). Using a balanced, in-
complete block design, 13 choice sets were formed with each set containing four attributes (Table 2). Each at-
tribute appeared once with each other and appeared four times across choice sets. All 13 choice sets were pre-
sented to respondents in a questionnaire (Fig.1).



Table 1. Attributes consumers considered when purchasing socks for use during running

Attribute  Attribute
no

Price

Colour

Fit

Length

Thickness

Material (cotton, wool, polyester)
Material weave (plain, knitted, ribbed)
Attractiveness
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Brand name

Durability
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Ease of care

—
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Functionality (moisture management, breathability, anti-blister)
13 Comfort

Table 2. Balanced incomplete block design for the assessment of 13 attributes utilising a Best-Worst scaling approach

Choice set Attribute number
1 1 2 4 10
2 2 3 5 11
3 3 4 6 12
4 4 5 7 13
5 5 6 8 1
6 6 7 9 2
7 7 8 10 3
8 8 9 11 4
9 9 10 12 5
10 10 11 13 6
11 11 12 1 7
12 12 13 2 8
13 13 1 3 9

Considering only these four attributes, which one would be most important and least

important when purchasing socks for use during running?

Most important Attribute Least important
I:I Price I:I
I:l Colour I:l
I:l Length l:l
I:I Durability D

Fig. 1. An example choice set presented to respondents utilising a Best-Worst scaling approach for the assessment of attributes
considered when purchasing socks for use during running.

For the assessment of sensorial comfort, participants were required to evaluate each sock during a passive
assessment using a questionnaire. Socks were applied onto the feet and removed by the experimenter with
each sock type assessed in turn. Participants were shielded from seeing the socks, performing the evaluations
seated behind a black drape. The questionnaire contained 15 sets of opposing adjectives (e.g. thick vs thin,
comfortable vs uncomfortable) each arranged on a five-point bipolar scale to allow for semantic profiling.



Experimental sessions 2-6 involved running in each of the experimental socks on separate occasions (dy-
namic assessment). One trial was performed without a sock. Participants were not allowed to visually inspect
the socks and they were not provided with information regarding sock related differences. Participants donned
test shoes and rested for 10 minutes before performing 40 minutes of running at a constant speed (7.5 km.hr
). This was followed by a 15 minute recovery period.

Foot skin temperature (t-type thermocouples) and in-shoe temperature and in-shoe relative humidity
(SHT31, Sensirion, Switzerland) was measured at seven sites on the right foot. In-shoe measurements were
made by applying sensors to each sock/to the skin for the no sock trial using transpore surgical tape. Data was
collected with a specially developed Bluetooth data acquisition system (University of Applied Sciences Kai-
serslautern, Zweibriicken, Germany), secured to the participants ankle (14). Ordinal scales were used to assess
thermal sensation, wetness perception, stickiness and thermal comfort for the right foot every 5 minutes.

Following each trial, participants were required to evaluate the socks worn by filling in the questionnaire
used in the first experimental session for sematic profiling. This allowed for a dynamic assessment of sensori-
al factors of comfort following exercise.

2.1 Analysis

Best-Worst Scaling: An overall sum of best (B) and worst (W) votes for each attribute was determined by
totaling the number of times each attribute was selected as most important and least important. To determine a
B-W score for each attribute, the number of times it was least important was subtracted from the number of
times it was most important. The average B-W score was calculated (Equation 1) by dividing the totals of B-
W scores by the number of responses and the frequency that each attribute appeared in the design of choice
sets.

Best scores — Worst scores

Average Best — Worst score = (1)

(number of respondents X attributes per set)

Semantic profiling: An average score based upon the five-point scale for each set of opposing adjectives
was taken forward for graphical representation. To assess differences between sock properties for passive and
dynamic assessments a Friedman test was conducted. When significant effects were observed, post hoc analy-
sis was conducted with a Wilcoxon signed rank test.

Physiological responses: The mean foot response for each individual variable (foot skin temperature, in-
shoe temperature and in-shoe relative humidity) was calculated by averaging the data recorded from seven
foot measurement sites for each participant over time and taken forward for statistical analysis. To investigate
whether shoe microclimate was affected by sock fibre type and time a two-way repeated measure analysis of
variance (ANOVA) was performed with post hoc multiple comparisons (Bonferroni correction). To investi-
gate subjective perception of shoe microclimate between sock conditions a Friedman test was conducted.
When significant effects were observed, post hoc analysis was conducted with a Wilcoxon signed rank test.

3 Results

The most important attributes to consumers when purchasing socks were comfort and functionality (Fig.2).
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Fig. 2. Average Best-Worst scores for 13 sock attributes

Foot feel assessments performed passively (Fig.3a), showed that the cotton sock was identified as rougher
and scratchier compared to the other socks (p <0.05). Participants only identified a difference in fibre compo-
sition (natural vs synthetic) between the wool and polyester sock (p=0.01). The wool sock was perceived as
being less restrictive compared to cotton (p=0.02) and coolmax (p=0.03) socks. The cotton sock was identi-
fied as less comfortable, less pleasant, less satisfactory and less acceptable in comparison to wool, polyester
and coolmax socks (p <0.05).

Foot feel assessments performed dynamically after exercise (Fig.3b) indicated no differences in texture re-
lated sock properties (rough/smooth, scratchy/silky). Participants identified the wool sock as being natural in
composition compared to the cotton (p=0.02), polyester (p=0.05) and coolmax (p=0.01) socks which were
perceived as being more synthetic. No differences in toe restriction were identified. All socks were comforta-
ble, pleasant and satisfactory. The wool sock was rated less acceptable for wear during running compared to
synthetic socks (p <0.05). For both passive and dynamic assessments, there were no differences in thermal
perception based upon sock fibre composition.
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Fig. 3. Semantic profiles for the assessment of four socks (cotton, wool, polyester and coolmax) during (a) passive foot feel as-
sessment and (b) dynamic foot feel assessment following exercise

Assessment of thermal aspects relating to physiological factors of comfort revealed that during exercise
there was no main effect of condition or condition*time on mean foot skin temperature, mean in-shoe temper-
ature or mean in-shoe relative humidity.

No differences in thermal sensation, wetness perception or stickiness were observed between sock condi-
tions. Wetness perception and stickiness were higher for the no sock condition during run (p <0.05) which re-
sulted in greater thermal discomfort (p <0.05) in comparison to the sock conditions.

4 Conclusions

The identification of comfort and functionality as attributes which are important to the consumer when
purchasing socks for running provide important insights to the process of product design but also for effective
marketing, as packaging/labelling can communicate functional and information benefits to the consumer.

Foot feel assessments performed passively allowed for sensitive discrimination of textile properties be-
tween sock conditions (i.e. smooth/rough, scratchy/silky). During dynamic assessment however, the ability to
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discriminate between textile properties reduced. Greater sensitivity during passive assessments were im-
portant, driving the perception of (dis)comfort. Cotton socks were perceived as rougher and scratchier and
consequently more uncomfortable, unpleasant, unsatisfactory and more unacceptable in comparison to the
wool, polyester and coolmax socks.

Running without a sock results in greater thermal discomfort. The type of sock worn however, has no dis-
cernible effect on an individual’s thermal comfort. Running in socks of different fibre compositions or run-
ning without a sock did not affect foot skin temperature or shoe microclimate (in-shoe temperature and in-
shoe relative humidity) in the conditions used.

Overall, assessment of clothing comfort utilising a multi-factorial approach indicated that: (1) assessment
of sock properties change from passive to dynamic assessments, (2) socks influence sensorial comfort within
the foot-shoe system but have little physiological impact and (3) running without socks has little physiological
impact but results in greater thermal discomfort compared to running with socks.
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