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is available at the end of the personal characteristics to evaluate clothing comfort needs for wheelchair users. This
article newly suggested design model contains personal characteristics, degree of physical

disability and physical dimension. Within the physical dimension category, there are
activity and fit attributes which come from the comfort concept. In this new design
framework, the activity including having wheelchair users’own special activity and fit
related to clothing comfort show the necessary comfort attributes. The new design
model is applied with some previous study cases and further analyzed. This study pro-
vides clear strategies for identifying the comfort aspect when designing sportswear for
wheelchair users and does so by offering a new conceptual model. These examinations
would allow development of useful guidelines for both best comfort and appropriate
design dimensions for sportswear for wheelchair users.
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Introduction

The conceptual design framework has been represented as a synonymous term for the
model (Choosakul et al. 2009; Visek et al. 2009; He et al. 2006; Lai 2007). Choosakul et al.
(2009) explained their model as “a conceptual framework that helps to better understand
motivational factors that predict commitment in sport settings”. Authors have used con-
ceptual framework to describe their strategic system as a model. Therefore, these two
terms are interchangeably used.

Model has been used to identify variables that influence the outcome (Au et al. 2006).
In certain situations, the model can estimate and predict the outcome (Askari and
Krichene 2010; Rasmussen et al. 2010; Silber et al. 2010). Choosakul et al. (2009) men-
tioned that model “helps to better understand motivational factors that predict” out-
come in the theoretical constructs.

In this respect, the development of sportswear as the functional clothing design needs
to be approached in the theoretical constructs so models can be used to better under-
stand and to identify certain demands in a given situation. For example, the demand of
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having nonrestrictive full range of motion for exercise garments can be explained by
the model if this is approached in theoretical construct. Wheelchair users, especially,
require different needs for their sportswear during their performance and have varying
body movements due to their degree of disability. However, there are still only limited
studies regarding sportswear for wheelchair users that are based on their body move-
ments. Wheelchair user’s movements encompass wheeling their chair and, in certain
sports, reaching the ball from a seated position. Able-bodied users do not perform these
movements, so these different movements performed by wheelchair users were not con-
sidered when constructing the general sportswear. Thus, it is evident that wheelchair
users’ specific demands must be taken into account when constructing their sportswear.
In this respect, type of activity or movement needs to be incorporated in the model for
development of wheelchair users’ sportswear.

For better movement during sports play, comfort needs to be considered as an impor-
tant factor when creating sportswear. Comfort is defined as “A state of physical and
material well-being, with freedom from pain and trouble, and satisfaction of bodily
needs; the condition of being comfortable” (Oxford University Press, 1961). While there
are many prior researches performed on comfort of clothing, the method of measuring
and analyzing the level of comfort in each research varies based on its purpose of the
study. For instance, Cho (2006) identified three categories of comfort—functional com-
fort, physiological comfort, psychological comfort—in order to design clothing based on
comfort. Liu and Little (2009) also asserted that the comfort of functional performance
of sport wear is largely determined by complex interactions between multiple factors,
such as material physical structure and mechanical properties, thermal and moisture
regulatory properties, the size and shape of the body to which it is applied, the corre-
sponding dimensions of designed athletic wear, the nature and levels of physical activity.
Based on their findings, they suggested the 5Ps model (Physical, Physiological, Psycho-
physiological/Physiological Psychology, Psychological, Psychophysical). Moreover, in the
designing of functional sportswear, garment comfort is a crucial factor for ease of move-
ment (McRoberts et al. 2015). This is also true for people with physical disability because
many of these individuals have reported to prefer comfortable clothes for ease of move-
ment and for better fit in their sportswear (Carroll and Kincade 2007). Based on these
facts, the proposed model can evaluate the most appropriate comfort in a given situation
for wheelchair users. Therefore, the purpose of this study is to suggest the design frame-
work needed to identify sportswear attributes, such as activity and fit, for wheelchair
users’ satisfaction based on comfort.

Literature review

Disabilities of wheelchair users’ classification

Paraplegia and quadriplegia

Paraplegia and quadriplegia result from injury to the spinal column. Based on the loca-
tion of the injury, the terms paraplegia and quadriplegia can be classified and defined. In
other words, quadriplegia is more severe, as it affects all four limbs, whereas paraplegia
is a paralysis condition where only the lower limbs are affected. In the quadriplegia, the
injury of the cervical segments (C1 to C8) affects the function of the arms, trunk, legs,
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and pelvic organs (Figoni 1997). The level of C1 to C5 injuries require total assistance
for transferring from bed to wheelchair and for bathing activities, since potential move-
ments occur between the limited respiratory and partial shoulder movement (Morgulec
et al. 2005).

People with C6 to C8 injuries need some assistance for daily living activities involving
extension of the arm. In addition, C8 can grasp with able finger flexion and extension.
With paraplegia, activities of daily living can be more independent, for example, as eat-
ing, dressing or bed and wheelchair transfers (Institute of Medicine 2005). In paraplegia,
three levels of conditions include the area of control for the thoracic cord section (T1
to T12) as in the chest, abdominal muscles; hips and legs in the lumbar (L1 to L5); and
sacral (S1 to S4) spinal cord levels, which control bowel, bladder, groin, buttocks, and
legs. Based on the condition, the level of paraplegia movement falls between throwing
with holding and movement of the trunk. Herrmann et al. (2011) identified the differ-
ences in the functions of people with quadriplegia and paraplegia based on the Interna-
tional Classification for Functioning, Disability, and Health (ICF). Their results indicated
that people with quadriplegia had a significantly higher risk of body function problems
compared to people with paraplegia, including pressure sores, thermoregulatory func-
tions like cooling sweat reaction, mobility of joint functions, and blood pressure func-
tion even though both individuals with paraplegia and quadriplegia will have impaired
sensation. In addition, the interconnection of the hand and arm use relates to upper
movement in people with quadriplegia and has been shown to have a higher risk due
to the higher lesions from motor loss. Even though researchers have indicated there are
differences in body functions and self-care for people with quadriplegia and paraplegia,
there is no significant difference in their interpersonal interactions with their communi-

ties and social lives.

The Various approaches of development of the design method

The design method based on comfort theory

Barker and Black (2009) investigated the needs of police officer clothing based on
clothing comfort theory. Researchers for this study attempted to address more of the
attributes from a physical dimension of clothing system, fit, and properties, than the
social-psychological dimension. The findings showed that the ballistic vest fit and prop-
erties included acceptable, bulky, sturdy, and easy to put on characteristics, which sig-
nificantly correlated to clothing comfort. Even though many researchers indicated
psychological comfort could improve the physical performance for wearers, previous
researches stated that physical dimension had a more efficient correlation to comfort
than did the psychological dimension.

Cho (2006) addressed aspects of comfort to assess the satisfaction evaluation of the
patient garment and then proposed prototypes based on the end user’s needs. To meas-
ure the needs of patients and evaluate wearer trial evaluations, questionnaires were con-
ducted for Clothing Comfort (Branson and Sweeney 1991). The questionnaire included
three categories:
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1. Functional comfort: Accommodation to activities, easy reach of fasteners, and ease
of donning/doffing;

2. Physiological comfort: Sensorial comfort, thermal comfort, fit and fabric weight; and

3. Psychological comfort: Aesthetic/expressive satisfaction, suitability for daily life in a
hospital, and privacy and dignity.

In the proposed two types of prototypes, prototype A was more comfortable in terms
of functional aspects than were the traditional hospital garments. Prototype A included
5 features: A front opening; enclosed raglan sleeves; a triangular-shaped, free-float area
in the front; and a back-slit overlap. Prototype B offered higher psychological comfort
than the traditional hospital garments. Prototype B included 4 features: Cap sleeves; a
front-slit overlap; openings on the upper chest area; and an opening from the armpit to
the hem on the right side (Cho 2006).

Mitchka et al. (2009) assessed the needs of female dancewear based on satisfaction with
dancewear by women who attended universities’ dance classes. In the result, the needs of
fashion factor were related to the comfort factor even though these researchers did not
define that specific comfort dimension (Mitchka et al. 2009). Laing and Ingham (1985)
evaluated a heat protective clothing system through the physical and psychological deter-
minants of comfort. Physical determinants included comfort in relation to fabric contact
with the skin, comfort influenced by level of work related to a garment system, and the
effects dependent on different body locations. Evaluation of comfort with psychological
dimensions was a subjective measurement, including the effects with the sensation by its
physiological basis. The findings indicated that thermal sensation showed significant dif-
ferences for the various regions on the body, and visual assessment of garment fit and
size variable was identified as the one of the essential comfort evaluations. Therefore, the
concept of comfort related to clothing is very broad, so researchers analyze it in different
categories of the physical, social-psychological, or the physiological domain of comfort.

The design method for development of wheelchair users’ clothing

When studying clothing for wheelchair users, many researchers have studied the topic
in various approaches. Lamb (1993) suggested that the social psychological aspects of
clothing for people with disabilities should not be overlooked. Traditionally, the relative
appearance for people with physical disabilities in society is evaluated through the third-
party perceivers, stimulus persons, and the context in the social psychological approach.
However, it is important to develop clothing using multiple considerations including
social desirability, protection, comfort felt by people with disabilities, and consumer sat-
isfaction (Lamb 1993) instead of development just based on appearance. Lamb (2001)
identified the societal issues in researching for people with disability in the context of
clothing and textiles scholarly fields. These included barriers to access, equal oppor-
tunity, images, and identity. The concept of accessibility means how people with dis-
abilities use their athletic clothing in different social settings, like for special occasions
including parties. The researcher stated that specialized clothing lines could be designed
to satisfy consumers with disabilities and resolve the barrier to access issues. In addi-
tion, the researcher suggested that scholars should consider equal opportunity to limit
the sources of desired garments. Images and identity based on appearance also should
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be considered to understand the social view of people with disabilities (Lamb 2001).
Finally, Lamb (1991) finally suggested that it was especially important to consider both
the social psychological aspect and the physical condition when designing garments for
people with disabilities.

Feather (1991) further emphasized the physical condition aspect to design conceptual
framework for garment of people with disabilities. The researcher defined clothing for
special needs as clothing that “reduces or eliminates the barrier to an individual’s social,
functional, or economic functioning resulting from a permanent physical, mental, and/
or visual condition that might otherwise be stigmatizing and set them apart from the
majority of the population” The researcher proposed a conceptual framework for cloth-
ing for special needs addressing three dimensions: personal characteristics, one’s ability,
and clothing. In the aspect of achieving the clothing attributes related to the comfort
aspect and developing a design concept for wheelchair users, Feather’s concept aligns
with this study. Thus, this conceptual framework is used as one of the two major mod-
els to develop the new design model for wheelchair sportswear. In this study, Feather’s
framework, the Model for Clothing for Special Needs, will be called as MCSN.

Wheelchair users’ sportswear

People with physical disabilities who have a paraplegic or spinal cord injury train using
upper-extremity exercise to improve their cardiovascular fitness (Roy et al. 2006). For
example, wheelchair tennis is used for rehabilitation and also as a competitive sport.
However, wheelchair tennis requires a high level of aerobic fitness since movement dur-
ing wheelchair tennis can be both intermittent and multidirectional (Roy et al. 2006).
Also, hot and humid climates can bring great discomfort during such aerobic activ-
ity, which is an issue that researchers are studying in functional clothing design. For
instance, Goosey-Tolfrey et al. (2008) asserted that wearing head and neck cooling
garments reduce the feelings of thermal discomfort during wheelchair tennis play and
improved performance. Kratz et al. (1997) explored the difference between adapted
clothing and non-adapted clothing for wheelchair users that affected physical activ-
ity and comfort during exercise. In physical activity, wheelchair users who were sailing
reported that less effort was experienced with the adapted clothing when using the toi-
let and moving between their wheelchair and the boat. In terms of comfort, the wheel-
chair users reported a significant difference in comfort when wearing adapted clothes
compared to non- adapted clothing. The following briefly shows researches on comfort
aspect for wheelchair sportswear.

Dec et al. (2000) indicated that exercise capacity is limited through venous blood pool-
ing caused by the impairment of autonomic neural control. During exercise, wheelchair
athletes need to use an abdominal binder to minimize venous blood pooling. Espe-
cially, researchers have suggested wearing positive pressure garments, such as stock-
ings. Pearce et al. (2009) confirmed that sports compression garments increased during
competition performance. The researchers also indicated that compression garments are
used to assist motor functioning for people with cerebral palsy.

For sportswear, physiological aspect is an essential perspective for the effective per-
formance of athletes (Hassan et al. 2012). To improve thermal comfort, i.e., the sensa-
tions of hot, cold, or dampness in clothes, the human body sweats during exercise to
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run efficiently. Researchers explored the thermal properties to measure thermal com-
fort through thermal conductivity, which indicates the ability of a fabric to conduct
heat, thermal absorptivity that indicates the warm-cool feeling of fabrics, and thermal
resistance that indicates the effectiveness of fabric insulation. Therefore, researchers
sought improved thermal comfort through the influence of sportswear fabric proper-
ties on the physiological responses because a wearer’s heat loss can occur dramatically
through vaporization moisture within the clothing. The finding indicated that 100% pol-
yester provided the best physiological responses. However, because wheelchair athletes
with spinal cord injury have an impaired thermoregulatory capacity (Bhambhani 2002),
researchers should consider heat exhaustion and heat stroke during wheelchair athletic
exercise when designers developed their sportswear.

Among the many researches done on clothing based on comfort, Branson and
Sweeney developed the Clothing Comfort Model that presents a conceptual framework
to relate comfort to clothing. This study will utilize this model to address comfort when
developing wheelchair users’ sportswear, and will refer to the model as CCM.

Methods

Synthetic models to develop sportswear attributes for wheelchair users

To determine the necessary comfort attributes for wheelchair users’ sportswear, the
Model for Clothing for Special Needs (MCSN) (Feather 1991) and the Clothing Comfort
Model (CCM) (Branson and Sweeney, 1991) are combined.

The Model for Clothing for Special Needs (MCSN)

In order to meet wheelchair users’ satisfaction for their sportswear, this paper should
recognize the different clothing needs based on the varying degree of disability. In this
respect, a part of Model for Clothing for Special Needs (MCSN, Feather 1991) (Fig. 1) is
used for this study. The MCSN is a model showing the step-by-step process of selecting

PERSONAL CHARACTERISTICS

‘ Age ——  Cultural Gend Independence ——  Self-Worth ‘
:
|
ABILITY v
‘ Disability _— Physical/Mental/Visual —_— Ability ‘
T
i
_____________ : INTERNALIZED
i
i
H Acceptance of
M Clothing/Self
CLOTHING
N
i
ATTRIBUTES OPTIONS ACQUISION PROPERTIES ACQUIRED PRODUCT
Appearance Ready to wear (RTW) i .
Conformity Functional RTW Information Sources iiz:fagr']c;g/
Fashion i N Modified RTW N Retail Types > Perf P
Physical Comfort Special mass-produced | T Retail Features | ~ eriormance
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Fig. 1 Model for Clothing for Special Needs (MCSN) (Feather 1991): For the purpose of this study, only the
section framed by the orange line will be considered
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clothing for people with disabilities. In the MCSN, the researcher proposed a concep-
tual framework for clothing for those with special needs using three dimensions: per-
sonal, ability, and clothing. Within the personal dimension, age, cultural values, gender,
economic status, independence, and self-worth were precisely considered. Age attrib-
ute includes individuals with the maturity to seek physical comfort in their clothing. In
the gender attribute, different attitudes toward clothing between males and females are
reported when they evaluate their clothing.

Ability dimensions include physical ability, visual ability, and mental health ability.
Physical ability is assessed in terms of clothing issues, such as how putting on clothing
depends on the level of mobility. The researcher finally introduced the clothing dimen-
sion which align more closely to the actual clothing selection processes. The elements
in the clothing dimension include: clothing attributes, options, acquisition of cloth-
ing, acquired products, and internalized acceptance of clothing and thus the self. These
elements are investigated in order as shown to arrive to the appropriate design. The
clothing attributes within the clothing dimension of MCSN encompass appearance, con-
formity, fashion, as well as physical and psychological comfort. Among people with dis-
abilities, “Ready-to-wear” in the clothing options element was selected more often than
specialized pattern garments because people with disabilities tend to want to reduce the
general stigma associated with a disability and increase their self-worth. The last step
of MCSN was determining internalized acceptance. The researcher saw that specialized
garment designed to meet comfort or self-help was well accepted when necessary modi-
fications were less conspicuous or less visible (Feather 1991). For this study, the “attrib-
ute” element of clothing within the clothing dimension of MCSN was explored in-depth
(see Fig. 1). Particularly, the comfort element in the clothing “attribute” was examined
and the CCM model was applied into this section for wheelchair users’ sportswear.

The Clothing Comfort Model (CCM)

Additionally, in order to develop wheelchair sportswear, comfort needs to be considered
as the most important factor as seen in various literature review. Accordingly, the Cloth-
ing Comfort Model (Branson and Sweeney 1991) (Fig. 2) should be considered to deter-
mine the design criterion from the comfort perspective. The Clothing Comfort Model
(CCM) has two dimensions, physical and social-psychological, to explain comfort attrib-
utes. Subsequently, each dimension includes three components: people, clothing, and
the environment. The different comfort component for the physical dimension are:

1. People: Sex, age, race, weight, height, physical condition, activity, and the exposed
surface area;

2. Clothing: Fabric characteristics, fiber content, yarn, fabric structure, finishes, color,
fabric/clothing system, heat transfer properties, moisture/vapor transfer properties,
air permeability, clothing system, fit, and design;

3. Environment: Air temperature, radiant temperature, wind velocity, ambient, vapor,

and pressure.
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Fig. 2 Clothing Comfort Model (CCM) (Branson and Sweeney 1991): This study will only consider Activity and
Fit attributes as the crucial factor to address comfort aspect

Comfort attributes of the social-psychological dimension are:

People: State of being, self-concept, personality, body image/cathexis, values, atti-
tudes, interests, awareness, religious beliefs, and political beliefs;

Clothing: Fabric/clothing system, aesthetics, style, fashionability, appropriateness,
design, texture, body emphasis/de-emphasis;

. Environment: Occasion/situation of wear, significant other, reference group, social

norms, cultural patterns, historical precedence, and geographic locale.

Since comfort is defined as “a state of satisfaction indicating physiological, social

psychological and physical balance among a person, his/her clothing, and his/her
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environment” (Branson and Sweeney 1991; Chattaraman and Rudd 2006), comfort
attributes should be approached using these multiple dimensions.

Since the term “comfort” lies within a more complex phenomenon, the CCM model
was simplified into essential factors based on literature review. The Clothing Com-
fort Model (CCM) includes comfort attributes for both physical and social-psycho-
logical dimensions. Each of these two dimensions address three components, namely,
people, clothing, and the environment as mentioned above. However, for this study,
the comfort was seen in the physical dimension more so than the social-psycholog-
ical dimension. This is because the purpose of development of sportswear prioritize
function and performance over social elements. Furthermore, two comfort elements
within this dimension were examined. Comfort related to activity attribute was pulled
out from the people component based on prior literatures, stating comfort was asso-
ciated with a person’s activity. As fit is a crucial area in the clothing and textile area,
the fit attribute was proposed to measure clothing comfort to address the physical
attributes. Therefore, comfort related to activity and fit were considered for this study.

Result and discussion

The new design framework for wheelchair users’ sportswear

The new design framework of sportswear development for wheelchair users was the
integration of CCM into MCSN. This study is to show a suggested design framework to
determine the physical condition of users, their personal characteristics, and also assess
the needs wheelchair users have for specific clothing comfort. The suggested design
framework is displayed in Fig. 3.

In this proposed model of comfort concept, wheelchair users’ characteristics and
the degree of physical disability are associated with their clothing attributes. The per-
sonal characteristics in this model include age and gender. Feather (1991) asserted that
researchers should determine focus group for their research since the clothing attitude
differs between groups. (Feather 1991). For example, there are differences between

Wheelchair users
Personal Characteristic

Age Gender

2

Degree of Physical Disabilities

Quadriplegia Paraplegia
Injury of cervical segments(C1 to C8) (T1 to T2) (L1 to LS): (S1 to S4):
: Function of arms, trunk, legs, and pelvic :Control of Control of Control of
organs affected hip, hip, legs bowel,
abdominal bladder, groin,

muscles buttocks, legs

g

Physical Dimension

Personal Attributes Clothing Attributes

Activity based on type of sport Fit

Fig. 3 The proposed model for wheelchair users' sportswear comfort
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genders in attitude toward functional clothing for wheelchair users. Wingate et al. (1986)
stated that “females viewed the salient functional clothing features more positively than
did the males”.

This study also suggests that age aspect needs to be considered for the personal char-
acteristic dimension. Kidd (2006) detected that young women with special needs con-
sidered personal attractiveness and self-confidence for their clothing fit. Whereas older
women with disabilities wanted a comfort aspect for their clothing, such as a “soft fab-
ric’, and clothing that was easy to don and doff as a functional aspect. Functional fea-
tures were based on needs and contributed to developing the clothing for handicapped
elderly women, such as a one-piece dress with full-length raglan sleeves, an elasticized
waist, large patch pockets, a long front zipper opening, and length falling below the
knees (Phipps 1997). Those findings are supported that the age factor is essential to show
the different demands in the comfort aspect.

Feather (1991) asserts that the degree of physical disabilities affects the selection of
clothing. Since the degree of physical disabilities have different medical issues and move-
ment, this proposed model also presents the various degree of physical disabilities,
notably paraplegia and quadriplegia. Curtis et al. (1999) investigated that people with
quadriplegia reported more significant shoulder pain experienced than wheelchair users
with paraplegia. In addition, Dec et al. (2000) indicated that T-6 and above spinal cord
injury athletes have medical issues, such as reports of pressure sores that are present due
to prolonged sitting and positioning of the knees higher than the hips. Dec et al. (2000)
suggested that wheelchair athletes should be provided appropriate cushioning and wear
absorbent fabric to reduce skin moisture and relieve pressure sores. These findings sup-
port that the proposed model identifies the various degree of disabilities and needs to be
incorporated into wheelchair users’ sportswear.

This proposed model offers that the activity and the fit attributes in the physical
dimension are addressed to guide the development of sportswear of wheelchair users.
The activity in the physical dimension needs to be identified since wheelchair users have
their own special activity, such as wheeling their chairs. For example, wheelchair ath-
letes, such as wheelchair tennis and rugby, have movement of the arms and torso instead
of the movement of the lower torso and the legs. The unique movements of upper-body
of wheelchair athletes produce more enhanced strain compared to lower body exer-
cise (Armstrong et al. 1995). Indeed, 68% of wheelchair athletes have reported some
type of upper-extremity pain (Yildirim et al. 2010). Especially, shoulder injury or pain
occurs from overuse, lack of lumbo-pelvic postural control, poor shoulder flexibility, and
repetitive overhead arm positioning were seen at between 30 and 52%. Many research-
ers stated that a dysfunctional sitting posture adversely affected the glenohumeral joint.
Seelen and Vuurman (1991) suggested that dynamic trunk control can allow a more sta-
ble postural position for performing functional tasks using only the upper extremities.
This is why activity must be especially considered for improvement in comfort for these
individuals when making their sportswear under the physical dimension.

In this design model, fit attribute is approached under the physical dimension to
develop the sportswear for wheelchair users. Fit is also intimately related to clothing
comfort as supported by Kidd (2006) and Thoren (1996). Furthermore, Clarke (2010)
asserted that wheelchair users reported that poorly fitting trousers can lead to lower
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self-esteem and skin infection (Clarke 2010). These problems with garment fit often lead
to garment alterations among people with physical disabilities (De Klerk and Ampousah
2002). Based on these findings, this new design model shows that fit aspect is also cru-
cial to explain the necessary comfort attributes.

This study can suggest the sub dimension which can improve the fit attribute for the
sportswear for wheelchair users depending on the activity. For example, in the aspect of
the sizing and pattern development, the fit factor can be adjusted through the adjust-
ment lines and amount of ease of the block pattern or design and style detail elements.
In this respect, when the bodice pattern is developed, the measurement of torso depend-
ing on ROM (Range of Movement) of the trunk, shoulder and neck which include the
girth factors (the width of chest and west of front back) and the length factors (armhole
depth, center front and back length, shoulder angle of left and right, neck width and
depth, and sleeve crown height and width) can differ. Additionally, it can be helpful in
determining which is more useful between set-in sleeve and raglan sleeve. This study
can be suggested particularly to identify the unbalanced measurement of bodice for
wheelchair users and the difference of the wearing ease for the bodice and sleeve when
developing the pattern in the physical dimension of this study since the difference of the
measurement between front and back or left and right needs to be considered for those
with varying degrees of disability, unlike people without disability. Design elements can
be applied for the comfort aspect in the clothing system. For example, the garment shap-
ing devices such as dart, tucks, pleats, and gathers can be considered to provide optimal
wearing ease for the required area. Other design materials such as elastic, velcro, snap
zipper and draw cord can be applied using fasteners to change style and aesthetic. How-
ever, since this study concentrates on physical dimension of comfort as the functional
aspect for the development of sportswear within the synthetic model for the wheelchair
users, the design system including color, silhouette and line would not be discussed in
detail.

Conclusions

This study provides clear strategies for identifying the comfort aspect when designing
sportswear for wheelchair users and does so by offering a new conceptual model. This
new model approaches the unique phenomena by examining personal characteristics
and the degree of physical ability. These examinations would allow development of use-
ful guidelines for both best comfort and appropriate design dimensions for sportswear
for wheelchair users.

Future study

In the Clothing and Textiles design scholarship, the design conceptual framework is used
to develop clothing for specific purpose to explain their phenomenon. This study pro-
poses the model as the design conceptual framework for the development of wheelchair
users’ sportswear. The suggested model in this study indicates that activity and fit design
attributes need to be considered to improve comfort for the development of wheelchair
users’ sportswear. Further research should explore how to identify activity and fit to
improve comfort for wheelchair users during movement. For example, since this model

suggests that the activity factor is effectively attributed in the physical dimension, the
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type of movements should be analyzed to enhance the performance for their sportswear.
In addition, for fit attribute, future research can determine what clothing elements are
effective to satisfy wheelchair users, and how to explore improving fit in-depth within
this suggested model. Other elements within the proposed design framework can be
explored in detail, such as aesthetics elements of color or silhouette that can appeal to
fashion satisfaction for wheelchair users.
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