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Athletic workout clothing is designed to help theaser stay comfortable, cool,
and dry. There are several different styles ofatithlapparel available at retailers and
each individual has a preference as to what is edatfle for him or her. Comfort of
clothing has traditionally been related to the i@lgel and thermal comfort of the
individual. However, comfort can be defined witlnmerous other variables; such as
fit, the environment, and the style of the garm&htkrefore, the purpose of this study is
to understand how runners perceive the fit, skiisgagon and thermal comfort of three
style treatments of running pants. In each treatntkee textile, environment, and fit of
the pant was controlled. The three pant treatmgate Style A: fitted pant with 0%
design ease; Style B: loose fit with +5% desigregaad Style C: compression fit with -
20% design ease. The subjects were asked to mte#rceived comfort while wearing
each treatment.

The objectives of the study were to determine husubjects' perceived fit



comfort, perceived skin sensation, and perceivednhal comfort of three pants with
varying levels of ease. Both qualitative and guiaimte data were collected.
Questionnaires were filled out once before run@nd once after to collect the
subject’s perceived comfort in each of the thregabdes. In the statistical program
Stata, an ANOVA, a Repeated Measured ANOVA was tsedlculate the differences
between each style, subject and time. Within eapkated measured ANOVA, an
ANOVA contrast will be conducted if there is a gigrant difference found. This was
done to determine the specific differences betvadg@es. Each mean score for fit, skin
sensation and thermal perception was calculated.

The results of the study indicated that there avagnificant difference of fit
scores between Style A and Style B and betweer 8tyind C. The hypothesis of a
significant difference between perceived thermahfmrts between all styles was
rejected, although the overall model is approackiggificant. The principal
conclusion was that there is a preference in rihpant style among subjects. Across
all subjects, Style C was overall rated the higlhastit comfort. Style C was perceived
to be the coolest after exercise.

This study will assist in understanding how garnsiyle contributes to the
perceived comfort. The importance of knowing howde perceive a garment has a
large impact on its overall comfort and sellinglitgi Finding a correlation between
pant style and perceived comfort will be a greatdbie to apparel designers who wish

to design more comfort pant styles and will helpart functional clothing design.
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CHAPTER |

INTRODUCTION

Athletic workout clothing is designed to help thearer stay comfortable, cool,
and dry. There are several different styles ofatithapparel available at retailers and
each individual has a preference as to what is cdatile for him or her. Fitness
experts say that walking and running are the mogular form of exercise in the world.
Over 70 million people participate in walking onning every day (Bernall, 2008).
Running has zero cost and is great for heart aedathbody health. It can be an
individual or group sport. Running is involved irany sports; such as track, soccer,
football, basketball along with many others. Ringrcan be enjoyed at several levels
of difficulty. These levels of running range frontegsurely jog, to training for a
marathon or triathlon. At the highest level of catifon, athletes put their bodies
through extreme training and practice. Runninglmaan extreme test of a person’s
physical and mental limits and comes with the piaéfor serious injury. Therefore, it
is critical to have proper equipment and attirelerhinning. As a fitness trainer of four
years, and finisher of 2 half- marathons, | pertigmalate and see the difficulty of
training that the body endures. Wearing the imprapething can spoil a run several
ways. Wrong fiber type, incorrect fit, wearing itertnat ride up, articles fall down,
chafing, rubbing, and blisters or just not feeloggnfortable can all contribute to a poor

performance.



Comfort of clothing has traditionally been relatedhe fabric feel and thermal
comfort of the individual. However, comfort can defined with numerous other
variables; such as fit, the environment, and tike if the garment. Therefore, the
purpose of this study is to understand how runperseive the fit comfort, skin
sensation comfort and thermal comfort of threeestgf running pants. In each
treatment, the textile, environment and fit of gant were controlled. The subjects
were asked to rate their perceived comfort whilanvey each style.

The study will assist in understanding how garnsgyle contributes to the
overall perceived comfort. The importance of knayrow people perceive a garment
has a large impact on its overall comfort and 1sglability. Due to the popularity of
compression garments in sports and the oversiztuofa style of 2010, this study was
conducted to determine if the consumer athletegpezs a difference in comfort for
three different styles of pants. Finding a corielabetween pant style and perceived
comfort was a great benefit to apparel designeswikh to design more comfortable

pant styles and will help promote functional clothdesign.

Statement of Purpose
The majority of studies on clothing comfort havealyy dealt with the fit of the
garment or the influence of different textile prapes. Few studies have evaluated the
design ease and style of garments as it relatesnbort. The purpose of this study is

to determine if the style or design ease of a mamiging pant influences the subject’s



perceived comfort of the garment. For each stgatiment, the fabric, fitting ease,

environment, and construction will remain the saomy the design ease was changed.

Objectives
The following research objectives were used to gt study. For each objective,

hypotheses have been written to test the diffesebeéveen each pant style.

1. To determine human subjects' perceived fit condbthree pants with varying

levels of ease.

H1: There was a difference between the perceivediinfort of Pant

Style A and Pant Style B.

H2: There was a difference between the perceiveoinfort of Pant

Style A and Pant Style C.

H3: There was a difference between the perceivedmfort of Pant

Style B and Pant Style C.

2. To determine human subjects’ perceived sénsation of three pants with
varying levels of ease.
H4: There was a difference between perceived slnsation of Pant

Style A and Pant Style B.

H5: There was a difference between the perceikgdsensation of Pant



Style A and Pant Style C.

H6: There was a difference between the perceikgdsensation of Pant

Style B and Pant Style C.

3. To determine human subjects' perceived thecorafort of three pants with varying
levels of ease.
H7: There was a difference between perceived thlkecomfort of Pant

Style A and Pant Style B.

H8: There was a difference between the perceivedtal comfort of

Pant Style A and Pant Style C.

H9: There was a difference between the perceivedtal comfort of

Pant Style B and Pant Style C.

Assumptions of the Study
1. The subjective evaluation of perceived comfodus to the pant’s design ease,

since the fabric, construction and environmentefpant treatments was controlled

2. Each human subject is fit and capable of followimgpugh the required

exercise.

3.  Fit of the garments was the same amdrsgbjects and the thermal manikin.



4. All subjects are capable of describingfant and fit of apparel.

Definition of Terms

Clo Value: One Clo represents the clothing necessary to alogsting individual to be
in a comfortable state when the ambient temperasu2é&C (7CF). Thermal manikin
results are reported as the dry thermal resistaalce. Clo value was determined from
the thermal resistance value with the followingriata:
Dry Thermal Resistance, Rct
Calculated in Sl units for each zone by the formula

Rct = (Tskin - Tamb) Rct = Thermal resmsta (m2°C)/W

Q/A T-skin = Zone average temperaftie®

T-amb = Ambient temperature (°C)
Q/A = Area weighted Heat Flux (W/m2)
The conversion to Clo unitsisasfollows:
R-Clo = (Rct 6.45)

Compression Garment: a knit garment that is reduced by 10%-20% of alegsize
the person would wear and compresses the muscliée drody.
Design Ease: the fullness added to a garment to provide a e@saok or shape to the
garment (Mullet & Chen, 2005).
Fit: How well the garment conforms to the three-dimenai body. The five elements

of fit include Grain, Set, Line, Balance and EaBmwn, 2001).



Fitting Ease: “also called movement ease, comfort ease, or garease that is
required for a livable fit” (Brown, 2001).

Garment Style: The garment shape based on the desired fit esidrd ease.
Moisture Wicking Material: a knit fabric that pulls sweat and moisture adrayn the
skin and transfers it through to the surface, floeeckeeping the wearer dry and cooler.
Percelved Comfort: an individual's sense of the perceived fit, a corabon of
perceived thermal sensation and design ease.

Perceived fit: how an individual notices the overall appearankease of an apparel
item.

Perceived thermal comfort: how an individual notices the hotness or coldméss
apparel item.

Per ceived thermal sensation: how an individual describes body sensations ¢&nad

coldness.



CHAPTER I

REVIEW OF LITERATURE

The purpose of this study is to determine the peedecomfort of different
styles of running pants. One style of pant wasragression garment, which studies
have shown to enhance the performance of athlEtesother two styles are based on
modern running pant styles. Therefore, the reviéliteryature will concentrate on
studies that have evaluated compression garméetsarious definitions of comfort
and other factors contributing to comfort during/gibal exercise such as injury
prevention, environment and textile. Literaturet ttedates to the correlation between a
thermal manikin’s results and human subjects Wslb de reviewed, since a thermal

manikin was used to determine the Clo value ofpins.

Compression garments

Compression shorts have recently gained popularittye athletic arena. These
can be worn as undergarments or outer garmenty. aredight, form-fitting and when
worn cover the athlete's waist to the mid, lowéghhcalf or entire leg. These garments
are usually made from a thick spandex-type matesiadilar to cycling shorts. The
main benefits advertised of compression shortshetethey keep the muscles warm to
prevent muscle strain, reduce chafing and raslssgstan wicking sweat away from the
body. In addition, there is some evidence that aesgon shorts may enhance athletic

performance. They may also be used as a way totkeapale genitalia in place in the



same way briefs or a jock strap do. According t@asitle by Daniel Akst titled,
“Where have all the jockstraps gone”, jockstrapgeHhallen out of favor with young
athletes, and garments such as compression slawgssken an increase in popularity,
because of their comparable function and less emesng looks (Akst, 2005).

Support tights and other tight-fitting apparel h&deen available for decades,
intended for those suffering circulatory conditi@ugh as varicose veins, deep vein
thrombosis or problems associated with diabetesveder, using those types of clothes
for running is relatively new. Due to recent resbawon the benefits of compression
apparel, wearing them for exercise has increasmualrcally.

Originally compression garments were used to irsgearculation among those
with deep vein thrombosis or diabetes related ssDeep vein thrombosis occurs when
a blood clot develops in the deep veins of theebdgemities. This is treated with
medication and compression stockings (Goldhabé4 @ fter medication or surgical
treatment of the blood clot, the compression stagkiare continually worn to prevent
post-thrombotic syndrome. Post-thrombotic syndragrtee long-term effects that can
occur after deep vein thrombosis. These long-tdfetts include pain, swelling,
heaviness or development of ulcers. The Americaartfessociation has had a 90%
success treatment rate by using the combinationeafication and compression
stockings in treatment of deep vein thrombosis ¢Gaber, 2004).

A study by Flam (1996) provides us with more evimkenf increased circulation
in the deep veins due to compression garments. fidrelomly assigned 26 young

healthy adult subjects without any history of deem thrombosis, high blood
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pressure/hypertension, diabetes, stroke or vaspataplogies, to either a compression
above the knee high or below the knee high. Eadtirtrent had different sequences of
compression. The main objective was to observéfereince in the above knee or
below knee compression levels of blood flow. Thelgtconcluded that they were both
effective in increasing the levels of blood flowtlwthe below the knee compression
being more effective.

With the knowledge of compression garments increpbklood flow, it created
curiosity among sport researchers to study ther @tiects of compression garments.

They wanted to test if the increased blood flowmigarm up the body quicker.

In a study by Smin, Don, Newton and Kwon (2004gytresearched the effects
of lower body compression pants on warm up timejamp performance. The purpose
of this investigation was to determine how thesg@u-fit compression shorts affect
athletic performance. They used a total of 20 suibjevhich were college varsity track
athletes. Each compressive garment was custord bdeed on the girth and inseam
measurements of each participant’s waist, hiphtligd knee. The purpose of custom
fitting the garment was to achieve the exact fiftgase on each subject. “The garment
was a 15-20% smaller representation of the subleatsr body, while the material
would expand to nearly 100% of the original measmets and compress the tissues
underneath” (Smin, 2001). Testing used either tmpression or the control shorts that
were a loose fitting gym short. Each subject penkeat a warm up protocol prior to the
testing session, once in the compression and oeaemyg the control garment.

Subjects were asked to jump, squat and cycle okeaftr warm-up. The performance
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test means were calculated and compared withirestgofor both conditions. For the
warm up, this study concludes that when wearingctimepression shorts, your skin
warms up quicker, therefore reducing warm up time iacreasing muscle warmth that
leads to reduction for potential injuries. Vertigainp height significantly increased
with the use of the compression garment in thidystiihe elastic energy reserved from
downward movement may have increased the forcenop jthat resulted in a higher
jump. This study also found that subjects coulaisicantly squat deeper in the
compression shorts than the control shorts. Ovehadl study demonstrates that
compression shorts provide a quicker warm-up terf@gher vertical jump and the
ability to squat deeper than average. To furthppett the increased jumping power, a
studying using volleyball players was conductedllédall is a sport that consistently
requires jumping and squatting.

A study by Kreamer et al. (1998) tested the infee2eof compression
garments on vertical performance in NCAA Divisiovolleyball players. They used 18
men and 18 women who were all familiar with thetieat jump tests and techniques.
Each participant had three separate shorts, cosipreshorts of normal fit, undersized
compression shorts, and loose fitting gym shorthagontrol garment. They used a
force plate that was connected to a computer thilated mean jump force and power
production. Each participant performed 10 maxinmalntermovement jumps with
hands held at waist level. This study revealedttimatolleyball players were better
able to maintain a consistent output during reeatsping when wearing normally

fitted compression shorts. The undersized compestiorts show a slight increase in
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jumping power but not as much as the regular cosspra shorts. The undersized
compression shorts were also reported to be unatabfe and too tight.

Another benefit of compression garments is thahofeased blood flow to deep
tissue veins that leads to reduction in lactic &eidd up. Lactic acid is the by-product
of anaerobic glycolysis thought to cause localimedscle fatigue and soreness
associated with very high intensity exercise (Bty@007). A study by Berry M.J,
McMurray R.G. (1987) conducted objective reseaoctidtermine the effects of
wearing graduated compression stockings on themsearesponse. They used twelve
highly fit males in a series of two experimentseTinst experiment consisted of six
subjects performing two tests of maximal oxygenstonption (VO2 max) on a
treadmill once with and once without the graduatechpression stocking. The second
experiment consisted of six subjects performingelseparate, three-minute tests on a
bicycle ergo-meter at 110% of their VO2 max. Thpasunental conditions for the
three tests were as follows: graduated compressamkings worn during the test and
during recovery, graduated compression stockings waoly during the test and no
stockings worn during either the test or recov€ryygen consumption (VO2) was
measured at rest, throughout all tests and dueogvery in both experiments. Blood
samples were obtained at rest, at 5, 15, 30, 4%@mdinutes post exercise in the first
experiment, and at rest and at 5, 15 and 30 mimgsisexercise in the second
experiment, to determine the level of lactate. Uibe of graduated compression
stockings, in the first experiment, resulted in doactate values throughout the

duration of the recovery period with the 15-minutéues being significantly different
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with the use of graduated compression stockinggifgiant differences in post
exercise blood lactate values were found in thersgexperiment. The graduated
compression stockings trial resulted in signifitatdss lactate when compared to the
graduated compression stockings -O/O and the N@Gugtad compression stockings
trials. In conclusion of these studies, the gragldl@ompression stocking reduced the
levels of lactic acid found in the blood levelsdalafter the exercise. Further subjective
studies on compression support this finding of cediusoreness.

Another article concerning compression garmentaded on the subjective
recovery from eccentric exercise when wearing c@sgon garments. This article by
Trenell, Rooney, Sue and Thompson (2006) focusgmehexercise soreness and how
compression on the legs after the exercise afthats Participants walked on a
treadmill at a downward slope for 30 minutes. Aftex exercise the subjects put on the
compression pants. The pants designed had onemegressed and the other was not.
Participants were asked to rate their level of sese by comparing each leg. A scale
was used to have participants report sorenesssoal@a of 1 (no pain at all) to 10 (very,
very sore). The data collected from the study ssiggdat wearing compression
garments during the recovery of eccentric exentiag alter the inflammatory response
to damage and accelerate the repair process itt@dauscle. Another benefit of
compression apparel is that of quicker recoversnfrouscle soreness.

Compression tights are advertised as adding supptite musculature of the
lower extremities. Postural steadiness is thougbketanother benefit of the

musculature support of the legs. Heise, Mack anddblara (2007) conducted a study
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designed to examine the effects of compressiorsganpostural steadiness. They
selected a group of 11, young, healthy women whkibed the lab on three separate
occasions. Each visit corresponded with one oftlseparate clothing treatments.
These treatments included 1 pair of running shbremd 1 compression pants and
brand 2 compression pants. Balance and postueadistss were measured before and
after tiring exercises. This study used verticalping, an anaerobic power test, knee
extensor muscle testing, and a 30-minute treadumillas the tiring exercises. Following
each exercise and treatment, there was no differenite level of balance or postural
steadiness found when the subjects were wearingsstiocompression pants. Although
there are multiple reported benefits of compresgemments, in this study however
they found that compression garments do not inerbakance or postural steadiness.
Another study concerning everyday wear and us®wipression stockings
examines standing fatigue in women. Kramer et28l00Q) studied overall leg health in
women who stand more than 8 hours a day and &@dugited compression stocking
would assist in elevating pain and discomfort. @inéerence of thighs, calves and
ankles were taken prior to the study and aftestbdy. Each subject participated four
times, once in no stockings (as the control) anektimore times in three separate
commercially available compression stockings. Theifgs of this study indicate the
commercially available stockings were all effectineeducing the swelling and
pooling of blood in the ankles and legs of the yphealthy women. Along with the
objective measurements of the thigh, calf and aakda, reported by all subjects was a

reduction in lower leg discomfort. Subjects werkeaisto rate their perceived
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discomfort on a Likert scale from O(none)-120(veogiceable). Perceived discomfort
was also measured after each day, at 7pm and 1&pwmell as measured the following
morning at 7a.m. and 10a.m. Discomfort was repdaegr with all three of the
compression stockings compared to the control group

With the abundant objective benefits of comprassipparel, designers are left
without the subjective knowledge of comfort for thearer. It is valuable to any
designer to completely understand the sport andpbparel that is worn and what is
comfortable to the athlete. To better understamnd p@ople describe and interpret

comfort, further readings on subjective comfort evexported.

Comfort

What is comfort? There are endless definitidnsoonfort. The
individual ultimately decides perceived fit and dom (Ashdown and Delong, 1995).
There are several different views on how comfort loa defined. LaMotte (1977) stated
that physical comfort might be greatly influencedtéctile and thermal sensations
arising from contact between skin and the immedateronment. Slater (1986)
defined comfort as “pleasant state of physiologarad physical harmony between a
human being and the environment”. Webster’s dietrgrdefines comfort as “a state of
physical ease and freedom from pain or constr&ivEbster, 2009). Bartels (2005)
explains the four main aspects in comfort of speetsr being thermo-physiological
wear comfort, skin sensorial wear comfort, ergorowear comfort and psychological

wear comfort. Comfort can be expressed as relatiatothing fit, the relationship of
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the environment, the textile and personal prefexer@later (1986) states, the factors
that contribute to comfort are physiological, plegsiand the environment. Fit is very
important to athletes because improper equipmehgparel can lead to serious skin
injuries. Research that demonstrates why comfattpaaper fit is important among
athletic apparel is reviewed. Along with, how comis related to clothing fit,

environment and textile.

Tactile Comfort

Injury prevention in sports is largely related be equipment used. Equipment
can range from protective padding, shoes, clothimdjhelmets. There is substantial
research on sports injuries and prevention. The cwamon injuries among athletes
are relative to the skin. These injuries range flomsing, chafing, rashes, calluses,
urticaria (hives), blisters, joggers nipple and dgstrophies. Almost all athletes
interact with textiles and the environment to sategree. Those who perform in the
winter are susceptible to frost bite and thoséénsummer to heat exhaustion and
sunburns.

Urticaria or hives is most common among runneidafAs, 2002 pp.315). This
can occur in cold and hot environments and is agezl by rubbing of the skin or
repeated rubbing of ill-fitting apparel.

Calluses and blisters most commonly occur frong l@mm repeated friction.

Wearing synthetic socks and, well fitted athleteavdecreases friction and help to
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prevent calluses. In the case of joggers nipplesshown that wearing semi-synthetic
or other soft fiber bras and shirts also help pneyagger’s nipple (Swedan, 2001).
Sunburns can occur from pro-longed sun exposutieowi proper protection.
Pro-longed sun exposure can lead to melanoma wrcgkicer. This article (Adams
2002) examines two ways to protect against the barmaful rays. One option is to use
a water-proof sunscreen. Another option is to veggoarel that has sun protective
product in the fabric. There are clothing manufesduwith UV rays repellent in them.
This is a much better option for those who spendg$im the sun. Instead of re-
applying sunscreen they can wear the UV proteapyuarel. For those who enjoy
winter sports also need protection from the UV raysvell the cold temperatures.
The major re-occurring theme among skin injurreathletes is to resolve the
issue by adjusting apparel. Recommendations frasratticle (Adams, 2002) are for
athletes to be aware of the type of fibers and tieay hold moisture, to know the
symptoms of skin problems and to use well-fittddettc wear to decrease friction.
Further research discovers that sports burnss@ms, chafing and chin-strap
acne can be reduced by wearing proper equipmerdgoarel as well. In an article by
Rodney Blaset (2004), in “Sports Medicine Journsiiates that by preventing sports
injuries it can greatly enhance a participant’digtio compete successfully over a
short and long period of time. The skin is the Bsdigrgest organ and also the one that
experiences the most disruption due to repeatetioini or pressure in sports. Blaset
examines several sports related injuries, how éwgmt and treat them. Abrasion to the

skin occurs when the skin cells are abruptly rerddvem the skin surface. This can
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exposes the layers of skin closer to the bloodltiagun either bleeding or what is
clinically referred to as a “raspberry”. This castor, for example, when an athlete
slides an exposed area of skin across artificrél tBecause artificial turf has a lower
coefficient of friction than natural grass, espbgiaghen wet, the athlete slides a greater
distance, thus generating heat and producing gadsithat is part abrasion and part
burn” (Baslet, 2004). If the skin were not expodéd, article of clothing would have
taken the brunt of the slide, therefore protecthregskin of the athlete and preventing
them from experiencing pain or discomfort. Anothports injury that appears from
more long-term friction is chafing. Mechanical rutp of the skin by another body part
or clothing causes this. The neck, under arms,t@mwsupper inner thigh are most
frequently affected. The upper inner thigh is thestriroublesome and occurs in tennis
and cyclist because they develop disproportiondéefye thigh muscles. Baslet (2004)
recommends athletes with larger thighs to wear @gbplaat “is made of elasticized
fabric or made of low resistance polyester fabrin”doing this, it will separate the skin
and create a protective barrier with fabric, usirgmoother polyester will create less
friction between the upper thighs. One other fofrakin injury very common in
athletes is acne. Acne related to equipment andrapjs more prominent on the back.
This is due to chronic friction and pressure. Tihisommonly found under protective
padding or less bulky equipment. Other factors tloatribute to the acne are weather
and duration of exercise. Wearing absorbent cdtgnrt under uniforms can greatly
help reduce heat, friction and pressure. Howevanynathletes are unwilling to

compromise style for proper protection.
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Perceived Fit

Developing proper apparel for athletes that isfootable and protective can be
challenging. Reviewing how other researchers haaeneed fit and comfort is critical
to developing a questionnaire for this study. Thman brain is complex and each
person has his or her own views of comfort.

It is obvious that humans are perceptive to fit aan distinguish when a
specific area has been manipulated or somethingtisomfortable. Ashdown and
Delong (1995) suggest that the fit of a garmemiaised on both visual and tactile
information. Their study focused on perceptionfitgiidged by the tactile reactions of
the wearer. This study established the smalléfgrdince in garment dimensions that
can be consistently perceived and identified by &msn They used a set of 15 pants,
which varied in size and was made for each ind&idy computer-generated patterns.
There were four women who comprised the subjectlpamd they each recorded their
responses to these pants compared to a controtdritel pants were custom fit for
each subject and the 15 test pants each variedtfrerwontrol by 0.5cm to 1.5cm at a
single location (waist, hips or crotch length). Tesults indicated that participants were
able to perceive changes in waist size, crotchtkeagd in the hips. The majority of
participants were able to perceive increments o €in and +0.5 cm at the hip and
crotch. They were also asked questions aboutdfepences. It varied greatly among
each subject but the one common preference faratin the hip area. This study
establishes that humans are capable of perceiaisg lerances and fit in their

apparel. It also reveals that each person hasithdiVpreferences for fit and comfort.
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Another study by Hollies, Custer, Moring and Hotvét979) examined human
perceptions analysis approach to clothing comiidreir methods include asking
participants to describe body sensations that oedwhen mild or heavy sweating
occurred, and during modest excursions of warmmghaling following the inception
of sweating. The list of terms developed includrigs loose, heavy, light weight, stiff,
staticy, sticky, non-absorbent, cold, clammy, daalipgy, picky, rough and scratchy.

A scale rating these sensations ranged from 4atlsirto 1-totally. There were 9
separate rating periods that varied across 0 nsriot@4 minutes in a controlled
temperature chamber. Subjects were asked to ezdorid0 minutes in antechamber as
the temperature increased fronfGQ86°F) to 33C (92°F). Subjects evaluated their
levels of comfort in three separate jean types. Tamsisting of 100% cotton and one
pair a blend of cotton and polyester (65/35). Sttjeonsisted of 53 men and 25
women, an average comfort rating made it possibtarnk the garments for each
comfort descriptor used. After 25 subjects had hessd, there were distinguishable
differences between the two garments. This studyiges consistent information on

the comfort perceptions of humans across 3 jeanst 9% of the subjects agreed with
one another on the comfort level and comfort desars. The cotton jeans were both
rated higher than the blend. All three pairs ohgewere clearly distinguishable between
each subject and evaluated on comfort. Again,dttisle demonstrates that humans are
capable of distinguishing fit and explaining whegls comfortable.

Wong (2003) states, “There has been no clearitiefirof comfort”. In order to

help clearly understand what descriptive factoasl l® comfort, the following study
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was completed. They conducted a series of weds trniavhich the following ten
sensory perceptions (clammy, clingy, damp, stitlegvy, prickly, scratchy, fit,
breathable and thermal) and overall clothing comi@re evaluated by twenty-two
professional athletes in a controlled laboratotyeyrwere asked to wear four different
garments in each trial and rate the sensationaglarB0-minute exercise period. The
four garments were sold on at retail as sportswedrwere described as long-sleeved,
high collar jerseys. Subjects were asked to evaltleg ten sensory perceptions on an
eleven-point scale at four different time periodsig the exercise. The sensation
rating was then converted to a 100 point scaleenthié sensations of garment fit and
thermal sensations were rescaled to the range bet¥s@ to +50. The reason the scale
range of fit and thermal is different from othensery perceptions is that the wording
used in the scales two ends to describe the pevoagitfit (from too loose to too tight)
and thermal (from too hot to too cold) were diffsr&om the other sensory perceptions
such as damp. Both garments and sequences of sujearing them were randomized
to eliminate systematic errors. Each sensatigemerated from different signals at the
skin surface. Formulating, weighting combining @vdluating against past
experiences, the brain makes a conclusion on dwenaifort status. This study has
concluded that these ten sensory perceptions (clarlingy, damp, sticky, heavy,
prickly, scratchy, fit, breathable and thermal)cah help predict the comfort of a
garment through the neural network. This neuralogk is an effective technique for

modeling the psychological perceptions of clothsegsory comfort.



22

Comfort is a very broad term and difficult to exipl but easy to personally
distinguish. Slaters (1985) definition of comfold@refers to the physical comfort of
the wearer and the environment they are in. Texiiigeraction with the body plays a
key role in how the wearer feels (warm or coldaioertain environment. Therefore,
literature discussing how textiles and certain ali@s affect the comfort of the wearer is
reviewed.

The current trend in athletic apparel uses a coatlan of specific fiber blends
and fabric knits. Current research on the topispafrts material in athletics is focused
on the fiber content, structural knits, breath&pikvickability, amount of clothing worn
(body surface area covered) and special finisk@eh of these factors contributes to
keeping the athlete comfortable.

Picking the appropriate fiber content for a spoetated activity is critical to the
comfort of the wearer. Fabrics for athletic andeational uses should have the ability
to transport moisture to the fabric surface forpmration (Cotton Inc., 2002). In
research conducted by Cotton Inc., they compar@ocl@dtton and Nike Dri-Fifl. The
benefits and disadvantages of both fibers and kvete discussed. Cotton is perceived
as too heavy when wet, sags when wet due to the extight, takes too long to dry,
sticks to the skin that restricts movement and afteactivity the wearer often feels
cold (Cotton Inc., 2002). When referring to wateagoration and fabric absorption, the
most important factor in determining how much wdterperspiration) can be absorbed
by a fabric is its fabric thickness. The drying ¢ilepends on how much water is

absorbed by the fabric. A largely reported berafitotton is of its comfort and
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combination of properties that create the comfeebple report cotton as being soft,
good fitting and good moisture transfer. The cofadric naturally wicks moisture
away from the body but in contrast will absorb miageid. To increase comfort of
recreational apparel the fabric must allow vapat kguid to pass to the surface of the
fabric for evaporation. Moisture vapor transmissmithe speed or rate at which
moisture vapor moves through fabric. Too much dirsaery can have a negative effect
in recreational fithess apparel and lead to poastae vapor transmission. The fabric
becomes too heavy, takes too long to dry and afteactivity, the wearer often feels
cold. This is where the application of synthetlwefis comes into play. Synthetics
absorb less liquid due to the thin construction aatiral water resistance and have a
much less drying time. The synthetic Nike DritFiteported the lowest fabric weight,
fabric thickness, absorbent capacity and lowesnhdriime, thus making it an ideal
fabric for active wear.

Aside from choosing the appropriate fiber contardesigner must take into
account the fabric structure that is chosen. GEM93) studied individual fiber, fabric
structure and the amount of airflow effects on m&dn temperature in different
climates. For an athlete in a warm climate it isicil to stay cool as for an athlete in a
cold environment it is desired to stay warm. Hisgmse was to understand the effects
of clothing on thermal balance. Gavin states thatftllowing six factors must be
considered when evaluating clothing; 1:“Wind speaedreased speed disturbs the zone
of insulation. 2: Body movements: pumping actioraohs and legs disturb the zone of

insulation. 3: Chimney effect: loosely hanging blag ventilates the trapped air layers



24

from the body. 4. Bellows effect: vigorous body raments increase ventilation of air
layers for conserving body heat. 5: Water Vapandfer: clothing resists the passage of
water vapor and this decreases body heat lossdpoeative cooling. 6: Permeation
efficiency factor: how well clothing absorbs ligusdeat by capillary action (wicking)”
(Gavin, 2003 pp.942). Gavin is explaining a fewetiént ways of heat loss and how
they affect the body temperature. In technical seconvention, conduction and
evaporation are the three major ways for an atltelese heat (Parsons, 2004).

Convection heat loss occurs when warm air neteédoody and trapped air
between the clothing and the skin is replaced lyecair from the environment. Wind
is the biggest factor contributing to convectivatiess. The event of wind is referred
to as “forced” convection. Whereas “passive” coriogcoccurs via the “chimney
effect” briefly discussed above by Gavin (2003)eThimney effect draws cool, dense
air into the clothing from any opening. For examplants cuffs, open sleeves, waist
hems and then replacing the warm air that exit©batur neck hems and other vents
with the cooler air.

Conduction heat loss takes place when a warmecbbpmes in contact with a
cooler object and the warmer objects heat is tearesfl. For example, cool air streams
against the warm skin. The airflow is cooler thia@ $kin and the heat from the skin is
transferred to the surrounding air. This is anothe@mple of how wind and body
movement contribute to heat loss.

Evaporation heat loss occurs when the body sweatges phase to a vapor

(sweat vapor). This phase change requires heatrtunitely, the body’s heat drives
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this phase change. “Evaporative heat loss may s nwiceable in context of the
“flash-off” effect, which occurs after a periodiotense physical activity and sweating
in cold conditions, followed by rapid evaporatiareachill after stopping to rest”
(Sanders, 2005). Evaporative heat loss from seagabccur in two different ways.
Sensible or also called “active” perspiration isszd by the configuration of liquid
sweat droplets on the skin surface in responsgdess heat. This excess heat is usually
a result of being dressed too warmly for the gigetivity. The second type of
evaporative heat loss is insensible or also cdpjedsive” perspiration. This is the
direct emission of sweat vapor from the skin swefacresponse to a humidity gradient.
For example the skin is drying out. Insensible pieasion is most prevalent while at
rest, or while sleeping, while sensible perspiratomost significant during periods of
activity (Sanders, 2005).

Gavin explores the impact of airflow in differeartvironments and concludes
that more airflow would increase convective heasigiation and promote evaporation
by reducing water vapor surrounding the individddle first study in a hot
environment, evaluated the effect of clothing falam exercise during 3@, 35%
relative humidity and simulated wind of 11-km/h.€eFé were three separate outfits.
One outfit was semi-nude, the second was a synthetierial and third a cotton outfit.
The trail consisted of a 30-minute treadmill ruheTsynthetic material outfit was found
to have higher sweat efficiency and clothing reganfiuced. Subjects were asked to
evaluate their thermal and sweating sensation edt&sntervals through the warm-up,

run and cool down. Temperature sensations in th#éhetics were reported the coolest



26

except for stage four of the experiment. Sweatemgsation was also reported the lowest
in the synthetic throughout the entire exerciseewhe compared the weave structure
for physical exercise he compared underwear fronidb knit, fleece, fishnet,

interlock and double-layer rib. Recording mean s&mperature, he found that the
more open a weave structure; the more airflow éosin will result in a cooler mean
skin temperature. Therefore, the fishnet constoanciillowed the most air to sweep over
the skin and kept the athlete the coolest. Keepingpture off the skin assists the athlete
is staying cool and is ideal for physical exerci&aring a fabric that is not breathable
during physical exercise will increase heart raite gectal temperatures much faster
than fabrics that are breathable (Umbach, 2001228hen fabrics are more
breathable, the skin has more access to air therstaying cooler and the athlete was
able to withstand longer periods of activity. THere, having a breathable fabric is
critical.

Wickabililty is the fabric’s ability to move liqdior sweat from the skin and
penetrate through the fabric by capillary actiola{&, 1985 pp.189). Capillary action is
the force of a liquid being pulled up and throudhilze. Synthetic fibers with a fiber
crimp, the way in which the individual fibers ziggzalong their length, influence the
ability to move moisture. With the crimp in thedib it creates a tube or tunnel for the
moisture to flow to the surface of the fabric, tigh capillary action.

For example, Slater (1985) describes the diffexdretween cotton and
polyester responses to sweat. Suppose it is adyarad a shirt or blouse is being worn.

Areas of high perspiration (under the arms, fotanee) in a cotton fabric will absorb
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moisture and transport or spread it to other andese it can evaporate from the cloth
surface. A crimped polyester garment in the saroation would soon become
saturated, because the water produced isn’t abdarik because of the specific crimp
in the fibers the moisture would be pulled awayfrihe skin and evaporate at a faster
rate.

Zou and McCullough (2004) researched the heastearf individual sports
apparel. Heat transfer occurs when a warm objeuesdn contact with a cooler object
and the warmer is transferred to the cooler taxgiteequilibrium of the two. In this
case, the warmth of the human body, it's clothind #s interaction with the cooler
exterior temperature. The purpose of the studytawaseasure the thermal resistance
(insulation value) and evaporative resistance giiteien sports ensembles using a
heated, sweating manikin in an environmental chai{@eu, 2004). Among these
eighteen uniforms were football, basketball, babebaccer, track, tennis, golf and
cycling. Each garment was chosen by consideringicgiyle National Collegiate
Athletic Association (NCAA) attire requirementsnge each of these sports is played
during different seasons, the ambient room tempezdor the study was held
consistent for tests to get an accurate and corblgam@easure of each outfit.
Descriptions of the individual garments, their widual fabrics, textiles thickness and
weight were reported. “Ensembles for a given spfiein vary with respect to the
amount of body surface covered by garments, thebeuwf fabric layers on different
parts of the body, the looseness or tightnesseofiththe type of garments to be worn

(e.g., knee-length socks versus ankle-length spskaysonal differences, and the
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thickness and permeability of the fabrics” (Zou, Rgsults showed that football
uniforms provided the highest insulation valuethie data set. It is concluded from this
study that clothing insulation increases as thewrnhof body surface area covered by
garments increases and as the thickness of theegatayers increases. The
evaporative resistance of an ensemble dependsandtsture permeability
characteristics and wicking properties of the congm materials used in the clothing
and the amount of skin surface that is covered.

In the Zou, (2004) study to evaluate the thermaperties of sports uniforms,
they found that the fiber content has little tovdith the moisture permeability of
textiles. It is the openness of the fabric struetaind type of surface treatments that have
more of an impact. Fiber content has some impachoisture permeability but is not as
significant as the openness of the fabric weavesire.

Other studies have concluded the same findingedls Hor example, Zhang and
Gong (2002), “investigated the combined effectthefproperties of clothing materials
and wind on human thermoregulatory responses lalystg the effects of air
permeability during exercise in controlled enviramts with and without wind”. They
used two sets of experimental clothing, type A eype B, both consisted of underweatr,
outerwear and socks, both type made from 100% rcofigpe A was reported at a
thickness of 0.18mm and type B reported thickné€s238. Each subject cycled on an
ergo-meter for one hour. One group was testedwiitld and the other without wind
during exercise. They recorded rectal temperatikie,temperature, body mass loss,

salivary lactate and clothing microclimate relatiwemidity. Their study concluded that
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physiological responses to heat are influenced ibg &nd the air permeability of
clothing materials. During the exercises, skin temafure, clothing microclimate
temperature, body mass loss and salivary lactot @mncentrations are significantly
lower for the clothing with higher air permeabilitythe environment with wind.
Looking at another research article by Ciesielskakwinksi and Orlowska-
Majdak (2001), their study analyzed the influertta tlothing material may have on
human physiology and thermal comfort both at rest@uring physical effort to answer
the question, which fabric is better, a naturadyrthetic. The study involved twenty
young healthy volunteers, (6 females and 14 maletsyeen the ages of 21-29). They
performed a 15-minute treadmill exercise test twees. The first time they were asked
to wear a 100% coarse wool clothing set. The setestdhey wore 100% acrylic
clothing set. Physiological parameters, perceivadfort, psychomotor skills and well-
being questionnaire were asked before and aftér @egrcise. Perceived comfort data
was collected in a qualitative method. Before esercSubjects reported that the course
wool set of clothing was extremely unpleasant intaot with the skin and they felt
uncomfortable wearing it. Subjects reported theosjte with the acrylic set before
exercise. However, after exercise, their opinidmenged. Subjects reported feeling
cooler and dryer in the 100% course wool set altdliscomfort in the acrylic set of
garments. According to this research, this istdute yarn and fiber structure of the
two materials. Acrylic has a lower air and liquiekrmeability then the woolen textiles.
This article concludes that clothing materials, thiee made from natural or synthetics,

has an impact on physiological parameters in hurdanag physical exercise. “The
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type of material for the clothes to be worn dunpiysical effort should ne selected
depending on the type, intensity and duration efdfiort and talking into account the
potential effects on human physiology” (Ciesielsk@)9).

This study by Purvis and Tunstall (2004) demonssr#hat fabric and material
type impact skin temperature, whole body thermdedgn, energy expenditure,
perceived comfort and fabric preference. This stesgarched two sock types, a
standard running sock and an ergonomic asymmefitiead sock. Subjects included 16
healthy athletes who were highly active and paréited in structured training
programs. There were 6 males and 6 females thatipated. Each participant visited a
lab, on two separate occasions, one week apat@rdlicted the experiment. They
were asked to perform 30 minutes of continuousaseion a treadmill. Each visit they
wore a different sock, once the standard and dmeertgonomic. The order of socks
tested was randomized. Participants provided their shoes and running attire that
was worn on both visits. The standard sock was ¢é68&6n, 24% nylon and the
ergonomic sock was 44%cotton, Coolr@a&6% polypropylene and 14% nylon.
Coolmax© content claims to be a sweat wicking material. Mglein temperature, heat
rate, rate of perceived exertion and following etast, subjects were asked to fill out a
guestionnaire describing their sock preference.skbdy used a thermal perception
scale to evaluate comfort and sock preferencerd@sdts conclude there is no
statistical difference in heart rate when wearittigez sock. Core temperature was not
significantly influenced by wearing either sock.eTérgonomic sock showed a slight

increase in skin temperature compared to the stdrsdek although the increase was
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not statistically significant. The perceived ravégxertion were identical for both sock
conditions. Thermal body perception and thermal myception was also identical for
both sock conditions. The participant questionnsirews that they perceived the
ergonomic sock as having more cushioning whilestaedard socks were more
comfortable to wear. When asked what type you weuldhase, 10 out of 16 indicated
they would purchase the ergonomic sock. “When agkedte the socks on a scale from
1 to 5, with 5 being excellent and 1 being pooe, ¢hgonomic socks were rated higher
than the standard sock. Sock types examined hemetdggnificantly affect thermal or
physiological responses during exercise. The engoneock was perceived to be
cooler and was preferred which suggests that stiNgegoerceptions may be more
important than the objective measurements” (PuRae4).

There has been extensive research in the regulaticomfort among athletes
depending on the textile used. However, there iseBearch found on the garment
construction or style and it's influence on bodyperature. The only study that refers
to style garment and its influence on body tempeeats the Zou and McCulla (2004)
study that examined the amount of clothing worn laon that affects the thermal
temperature. It does not however refer to the siiytbe garments just the articles of
clothing. The Purvis and Tunstall (2004) sock gtpobvides us with information
explaining that the human perception of comfort barstronger than the subjective
data collected. The majority of people perceivel@oolma© sock to be cooler when
data recorded of foot temperature revealed it tavéener than the perceived

temperature. To further explore the area of pestenomfort and objective data,
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literature was reviewed comparing thermal maniksuits to subjective human

perception results.

Thermal Manikin Results Compared to Human Percaptio

Tsang and Fan (2008) conducted an experimentasiigation on the effect of
clothing thermal properties on the comfort sensatiof wearers during sport activities.
They used a sweating manikin to measure the clgththermal properties of five
separate tracksuits. They had 5 men wear eacleafdabk suits and found the average
comfort sensations of each that were then corlatth the thermal properties of the
track suit measured from the manikin. The 5 setsagk suits were purchased from the
commercial market and consisted of one long sleéaitsuit and long trousers, which
varied in style, material composition and functiorthe other samples. All sets were
polyester except for 1 shirt. The special functiometuded on the tags indicated the
garments were breathable, thermal insulated aagrmidynamic design. Subjects were
asked to dress in the provided tracksuit, ratectimefort sensations for each suit then
proceed to play badminton for 30 minutes. Afterélercise they were asked to
evaluate comfort sensations again. Comfort senmsatie@re rated on a 1(no)-5
(extremely) scale. Comfort sensation evaluatiomsewere different before and after
playing badminton. Before playing badminton, thenbart sensations subjects were
asked to evaluate included: warmth, pricklineséfinsss, roughness and overall
comfort. After playing badminton, the comfort seimsas the subjects were asked to

evaluate were: warmth, permeability, skin drynesiskiness, clinginess, prickliness,
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stiffness roughness and overall comfort. Fan asah@ (2008) found the comfort
sensations before exercising were not relatedadht@érmal properties of the clothing,
but very much related to the tactile sensationsh s prickliness, roughness and
stiffness. The comfort sensations after exercigiage very much related to the
moisture vapor resistance of the clothing and amotimoisture accumulation within
clothing measured from the sweating manikin. Thislg shows that the measurements
from the sweating manikin can provide reliable andurate evaluation of the comfort
of sportswear.

Further research comparing thermal manikin anddrusubjects indicates that
there is a strong correlation between human pezdetomfort and thermal manikin
data collected. Thermal manikins have proven tadmeirate in other types of thermal
environments. A trial conducted by Meinander (20€ehpared thermal manikin
insulation values to human perception in sub zemgperatures. They used four cold-
protective clothing ensembles that were intendedi$e in a temperature range 6ft0
-50° C. The clothing chosen had been previously testetsure safety in the wearers.
The four separate temperature ensembles were pvetedown to a certain
temperatures,°C, -10°C, -25C, and -50C., three participants wore the ensembles and
performed mild to moderate activities in the appiatp climate. The thermal insulation
was collected from the thermal manikin in four sepainstitutions. Results concluded
that the thermal manikin insulation values defimeth thermal manikin correspond

well with the wear trail values in the temperattarge of OC to -10C. Knowing that
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thermal manikin data is accurate and comparaldelgecting human data provides a

basis for the comparison or subjective data tothective data.
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CHAPTER 1l
METHODS
The purpose of this study is to determine if thygesof running pant affects the
comfort. In this study, comfort has been definedhee interaction between the
textile/material used in the garment, the fit, im@ironment in which the garment is
used, and the style. The methods chapter willaxgiow each of these variables was
controlled, how only the style of pant was changed] how comfort was measured.
The measurement of comfort was the subjectiveuatiain of the pant. The
objectives have been developed to define percaigedort as three components: the
fit, skin sensation, and thermal properties. Eadbject answered a questionnaire

related to each of these components.

Protocol

Three male subjects were recruited. Subjects wmévemed of the research
topic through the student researcher, who worlixain Recreation Center as a fitness
instructor. The study consisted of four separatetmgs. The first meeting was to
collect demographic information and to take bodysueements. (Appendix A).
Measurements include waist, hips, thigh, knee,eaakld outseams. The following three
sessions lasted one-hour long occurring over avieek period. There were at least 2
days between each visit. The 2-day break betweamg sessions gave the subject
time to rest and give a legitimate assessmenteopémt style without recalling the

previous pant style worn.
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The subjects were asked to engage in jogging d&®H on a treadmill for
duration of 40 minutes. This is a moderate to ghaee and the subject will complete
less than 4 miles of distance. This includes a Butei warm up and a 5-minute cool
down walking on a treadmill at 3.0 MPH. Duringealry constant running exercise, a
rise in oxygen uptake occurs after about 2 to 3uteand onsets a rise in core body
temperature and perspiration (Bringard, 2005). Ard@ute run was felt appropriate
because athletes begin perspiring at different poiats during running and when
running it can take an individual anywhere frono30 minutes to perspire (Porcari,
2007). This time frame was found in the followingerimental design studies that
used apparel and exercise (Wong 2007, Trenell 2D08ield 2007, Bringard 2005,
Purvis 2004 and Gavin 2003). With a warm up and down, a total of 40 minutes
gives the opportunity for all participants to attgierspiration. During the activity, the
participant was asked subjective questions befodeafter the exercise. Questions
asked directly related to the comfort of the rugnpant. Each session, the subject was
wearing a different fit of running pants. The fipstir, Style A, fit on legs without any
pressure or room for airflow to the skin on theslebhe second pair, Style B, was
slightly baggier and allowed for more airflow beemethe fabric and skin of the leg.
The third pair, Style C, was a snug fit and did altaw any airflow directly to the skin.
The unidentified style of pant was provided to plagticipant before the study.
Throughout the study heart rate (HR) was monitdoeehsure the participant is within a
normal HR range for jogging. HR is used to undedtaow much blood is being

pumped through the heart in one unit of time, saxBeats per Minute. HR increases as
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the need for oxygen changes, such as during erescisleep. HR is measured by
finding the pulse of the body. For moderate exercHR should stay 40 beats per
minute (BPM) below the individuals maximum HR. Tihdividual’'s HR was
determined through the standard calculation forimam heart rate. Example: 220-
(age) = maximum HR recommended for males while inmrA resting HR was taken
prior to exercise to establish each individuals tdRge. Monitoring HR range will
ensure the safety of the participant during thdyst&rotocol stated that, if at any time
the subjects HR went over or under their HR ratige study would be stopped

immediately.

Subjects

Adult male trainers who are employee fitness #esrat Dixon Recreation
Center took part in this study. They were invitegbarticipate in this study because
they are male fitness trainers currently workinghatDixon Recreation Center. As a
fitness trainer it is assumed they are able togperthe required exercise and are able
to evaluate the fit of the running pants. Subjeatse recruited from Dixon Recreation
Center at Oregon State University. The researeWtas,works at Dixon, recruited male
trainers through word of mouth and all subjects$igeintified to participate. A chart

showing the overview of age, height weight and yedtraining is in Table 1.



Table 1: Subjects Overview

Subject #1 Subject # 2 Subject #
Age 25 years 29 years 26 years
Height 5'9” 511" 6'3”
Weight 160 Ibs. 180Ibs. 165 Ibs.
Years Training 5 years 8 years 2 years
Procedure

Subjects were instructed to drink 10 oz of wa@@rminutes prior to the exercise
and were instructed to refrain from alcohol forlurs prior to the test. Alcohol is
shown to raise blood pressure. Alcohol is a diaratid can lead to dehydration.
Dehydration means your body does not have as matér\and fluids as it should.
Dehydration is the most commonly overlooked sofmcendurance. The body uses
fluids to help regulate body temperature via sveeat to maintain blood pressure. With
alcohol in the bodies system it can lead to dehyaivaand high blood pressure (Porcari,
2007). For safety of the subjects they were astigdftain from alcohol 24 hours prior
to each session and consume 100z of water 30 rsibefere running. This was
duplicated from protocol of Duffield (2006), andeCielska (2009). Each session the
subjects were handed either style type A, B or thout knowledge of the style type
they were given. The random order of style wasmivecause by randomizing
treatment assignment, the group attributes fodtfierent treatments will be roughly

equivalent. Both garments and sequences of subjeetsng them were randomized to
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eliminate systematic errors. Each running sessiaswithin 14 days with at least 2
days between each visit. The 2-day break betweaamg sessions gave the subjects
time to rest and give a legitimate assessmenteop#émt style without recalling the
previous pant style worn.

Every 5 minutes throughout the exercise, a diggalsor connected to the
treadmill-recorded heart rate. Heart rate was noosdt to insure the safety of the
subjects. According to IRB approval the tests wdag discontinued if a subjects HR
went over the calculated maximum HR for their speeige.

Equipment used is a Precor 9.35 Treadmill with Rtatd Integrated Footplant
Technology adjusts belt speed at microsecondsgpastistride, Patented Ground
Effects Impact Control System cushions your joifitsich and Telemetry (Wireless)
heart rate with Smart Rate and included chest $taagmitter, ranges in Speed: 0.5 -

12 mph, Decline -2%, Incline 15%, 23 programs, 4UBs, Workout Log and Pacer.

Pant Style

Material
To control the influence of the textile and matksti@ach style pant is made from the
same fabric and construction techniques was idantithe fabric was a moisture
wicking material. The fiber content of the fabriasva blend of 88% polyester and 12%
spandex. The fabric structure was a single knihgkxsey. The fabric was made of two
types of yarns. One yarn was 100% polyester, mhloeofand X1 Denier. The term

micro-denier is used to describe filaments thagéess than one gram per 9,000
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meter length. The yarn was manufactured to bestiied to reduce, but not
completely, eliminate the shine. It was also preduwith a false twist, which certain
synthetic yarns are given stretch characterisfibs.yarns are wound under heat to
eliminate the twist, but because of the yarns @tendency to retain its twist, fabrics
made from the false twist have a tendency to strefthe fiber is round due to the
synthetic production and was yarn dyed. The seganas are untwisted and 100%
Lycra-Invista Spandex= Elastine. Lycra is the geneame and Spandex® in the brand
name. The term micro-denier is used to describenints that weigh less than one
gram per 9,000 meter length. The yarn was manukedto be delustered to reduce, but
not completely, eliminate the shine. The fiber Waton one side and rounded on the
other. It had a 3mm absorbent capacity. The efaglyec was finished with a MM
chemical finish on face and back. The polyestarsgnthetic fabric and was dispersed
dyed by immersion in an aqueous dispersion of uideldyes, whereby the dye
transfers into the fiber and forms a solid solutidine technical Jersey back side of
fabric is the fashion face of fabric. Fabric widtleasures 157 centimeters and weighs =

288 grams per square-meter.

Garment Design and Fit
Each subject was measured. For the human ssbfiete measurements were
taken at the first meeting and process approvd®By Appendix A shows the location
and procedure used to measure each subject. @asunements for each subject and

pant are given in Tables 1, 2 and 3.
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The design of the pant was developed through 8ttepn and drafting
techniques. Each pant was made of the same faiiased the same construction
techniques. The design of the pant was the sanhetlee amount of ease was changed.
Figure 1 illustrates the basic design.

There were three pant styles, Style A, Style B @ityde C. Style A will rest at
0% from the body, sitting on the leg without anggsure. Style B will have an
additional 5% of fabric added to the width of tkg.IStyle C will consist of a 20%
reduction in material causing it to compress tlys.|& his Style C, and smaller
representation of the subject’s lower body, woudasd to almost 100% of the original
measurements of Style A. The most important fast@ur investigation is the amount
of ease in each style and how that affects theestibjperceived comfort. Tightness

was measured as a percentage.
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Figure 1: Basic Pant Style

Front Back

In order to develop the three different style pahésbasic pant pattern was
altered to develop a compression garment and aidibsng pant. To achieve identical
level of ease on each subject, Style A, B, and € wade to custom fit each subject.
Table 2, 3 and 4 report the amount of design edsieh was incorporated to develop
the three different styles for each subject.

Each total ensemble consisted of underwear, athigti, socks, and provided

pants. Participants provided their own running sheecks, underwear and top.
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Subject #1 Body Style A 0% Style B+ 5% | Style C — 20%
Measurements

Waist 36.5” 36.5” 37.825” 311"

Hips 40" 40" 42" 32"

Distance 5.5” 5.5" 55" 5.5”

from waist

line*

Thigh 20.5” 20.5" 21.525” 16.4”

Upper Knee | 16" 16" 16.8” 13.625”

Knee 15” 15" 15.75” 13.125”

Calf 15.125” 15.125” 16.625" 13.3125”

Ankle 7.75" 7.75" 8.1375” 6.2"

Outseam* 36.5" 36.5” 36.5” 36.5”

Inseam* 29.5” 29.5” 29.5” 29.5”

* Vertical measurements stay same across treatments

Table 3: Subject #2 Body and Pant Measurements

Subject #2 Body Style A 0% Style B+ 5% | Style C — 20%
Measurements
Waist 37.5” 37.5” 39.375” 30"
Hips 42.75” 42.75" 44.887" 34.2”
Distance from | 4.5” 4.5” 45" 4.5
waist line*
Thigh 25" 25" 25.5” 30"
Upper Knee 19” 19” 19.95” 15.2”
Knee 16.75” 16.75” 17.5875" 13.4”
Calf 16” 16” 16.8” 13.625”
Ankle 10” 107 10.5” 8"
Outseam* 38" 38" 38" 39”
Inseam* 29” 29" 29” 29"

* Vertical measurements stay same across treatments
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Subject #3 Body Style A 0% Style B + 5% | Style C — 20%
Measurements

Waist 33.5” 33.5” 35.175” 26.8”

Hips 39.75” 39.75” 41.7375” 31.8”

Distance from | 5” 5" 5" 5"

waist line*

Thigh 22" 22" 23.1" 17.6”

Upper Knee 177 177 17.85” 13.6”

Knee 15.75” 15.75” 16.5375" 12.6”

Calf 15" 15" 15.75” 12"

Ankle 18" 18” 18.9” 14.4”

Outseam* 42" 42" 42" 42"

Inseam* 33" 33" 33" 33"

* Vertical measurements stay same across treatments

Pant Clo Value

Because the present study investigates subjdutinen thermal comfort of the

three pant styles, the researcher was also inéer@sbjective measures of the three

styles’ thermal comfort. Therefore, the three gegdtments were submitted to the

Department of Design and Human Environment’s Texdild Apparel Performance

Testing Laboratory for objective thermal testingebfaculty researcher. The faculty

researcher followed guidelines outlines in ASTM &12Standard Test Method for

Measuring the Thermal Insulation of Clothing Usangleated Manikin. Using a

thermal manikin, data were collected and resultevweovided in the form of a dry

(non-sweating) thermal resistance value for reaatigstyle under two conditions at an

average temperature of 71.2EGnd an average relative humidity of 49.501%. Wnde
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the first condition, the manikin was hanging frorfraane in a stationary position.
Under the second condition, the manikin was hanfimg a frame and walking at a
speed of 50 strides per minute. In all cases, affhahe sweating function was
disabled, the manikin wore a sweat skin. Resulggest that there are no significant
differences in thermal resistance across the tinea¢ments under the first stationary
condition. Furthermore, results suggest that taezeno significant differences in
thermal resistance across the three treatments thrmleecond walking conditions,

results provided by the faculty member are dispdaperable 5.

Table 5: Thermal Manikin Rct Values:

. Walking
Pant Stationary (setting = 50)
Rct sd Rct sd
Skinonly | 0.118 0.003 0.078 0.002
A &skin | 0.141 0.004 0.097 0.010
B &skin | 0.141 0.002 0.1 0.002
C &skin [ 0.139 0.005 0.96 0.022

When using the manikin for apparel thermal ingatatesting, the size and design
of the garment on the manikin are critical in obtiag valid data (Mullet and Chen,
2005). To ensure consistent fit and garment easeeba manikin and the human
subjects, the fit and size of the garments subthftietesting followed the same
procedure as used for pant style development éohtiman subjects.

After obtaining results from the Textile and ApplaPerformance Testing

Laboratory, the researcher converted the provibdedhal resistance values (Rct) into
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Clo values. To do so, the researcher multipliedheaermal resistance value by 6.45.
Thermal resistance values are often used in tHdibgiand construction market as a
measure of thermal insulation for materials. The llue is a measure of thermal
resistance value of clothing, especially as ittesddo relative human comfort within
that clothing at given conditions. (Parsons, 2008 Rct value was converted to Clo
value to get a more comparable value to that adrattothing insulation values. The
conversion is in Table 6.

Table 6: Converted to Clo value:

Pant Stationary Walking
(setting = 50)
Clo s Clo sd
Skin only 0.761 0.01935 0.531 0.0129
A & skin 0.90945 0.0258 0.62565 0.0645
B & skin 0.90945 0.0129 0.645 0.0129
C & skin 0.89655 0.03225 0.6192 0.1419

The Clo values of the three pant styles when desta stationary position did
not differ significantly. Furthermore, the Clo uak of the three pant styles when tested

in the walking setting did not differ significantly
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Questionnaire Development

A questionnaire was developed to obtain infornmatoncerning the perceived
comfort of the three pants styles. The questioenaas modeled after Wong’s (2003)
study on human sensory perception. The questions based on fit, skin sensation and
thermal properties of the pants. (Appendix B)

The subjects were asked to report on an 11-poaieow they felt about a
description of the pants. A Likert Scale was usadi laroken into three sections: Fit
perception, skin perception and thermal comfort@gtion. Ten fit questions included
rating the tightness on a scale of (0O = very lodde- extremely tight), chafing/ rubbing
on a scale of (O = no rubbing - 11= extreme), ptiverall fit on a scale of (0 = very
poor- 11 = very good) and comfort of the waisttchg thigh, knee, calf, ankle, overall
fit on a scale of (0 = very uncomfortable- 11= ertely comfortable). Seven questions
were used in the skin perception section. Subjeete asked to rate the following
guestions about feeling damp, prickly, clammy kstigtchy on a scale of (0 = not at all
— 11 = extremely) describing the weight of the pant a scale of (0 = light — 11 =
heavy), and overall breathability on a scale of @tremely — 11= not at all). The third
section was one question which asked the subjectdd the perception of their body
temperature at that time on a scale of (0 = vepf €o 11 = very hot). The last question
on the questionnaire was an open-ended questiamgaskbjects if they had any
additional comments. The open-ended question wasded for the subjects to address
anything that might not have been addressed igqulkestionnaire, give opinions, and

expand on anything they felt necessary.
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Questions were asked once before and once aftex.mEan scores and range of
all questions, for each treatment, was reported.

A pre-test on the questionnaire was conductedrmwve errors or any
confusion. One male subject was asked to comietexercise and complete the
guestionnaire. No pant treatment was providedvak discovered that it was not
needed to do the survey questions throughout themiike Wong (2003) who had the
subjects fill out the questionnaire during the eis. It was determined that the
guestionnaire be administrated twice, once befanaing and once after. There was
also slight confusion about the definition of ‘gdiness’. Therefore, the clinginess
sensation was replaced with chafing/rubbing semsatue to literature that supports
that common event in athletic apparel. Otherwissaisations were replicated from
Wong (2003).

Data Collection and Objectives

The questionnaire was developed to collect infeienaabout the perceived
comfort of the pant styles. The objectives of gtisdy were then used to focus on
specific components of the perceived comfort.

Objective 1: To determine human subjects' perckiteomfort of three pants
styles with varying levels of ease.

In the questionnaire, questions 1-10 are relatédl comfort of the pant style
treatment. Each question based on an 11 pointtl8aale. The 10 questions were
added up across all subjects, with the highestilplesi# score equaling 110 points. To

find the mean fit score, the researcher dividedigbest possible fit score (110) by the
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amount of subjects. In this case, there were Fstbpqualing the highest mean fit
score of 36.6. This 36.6 indicates the most coralbetfit score possible. The higher the
mean fit score, the higher perceived comfort ofgghet style. The lowest possible score

for fit equals O, indicating the style is very undortable.

Objective 2: To determine human subjects' perceskad sensation of three
pants with varying levels of ease.

In the questionnaire, questions 11-17 are reldtedsensations. Each question
based on an 11 point Likert Scale. The 6 questiare added up across all subjects,
with the highest possible skin sensation scorelegu@7 points. To find the mean skin
sensation score, the researcher divided the higlessible skin sensation score (77) by
the amount of subjects. In this case, there wengbfects equaling the highest mean
skin sensation score of 25.6. This 25.6 indicdtesniost experienced skin sensation.
The higher the skin sensation score, the lowergneed comfort of the pant style. The
lowest possible score for skin sensation equalsdicating the style has very little skin
sensation and is therefore very comfortable.

Objective 3: To determine human subjects' peeckthermal comfort of
three pants with varying levels of ease.

In the questionnaire, question 18 is related peedethermal comfort.
This question was based on an 11 point Likert Sddle single question was added up
across all subjects, with the highest possiblentiaéscore equaling 33 points. To find

the mean thermal score, the researcher dividedigihest possible fit score (33) by the
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amount of subjects. In this case, there were Fstdbpqualing the highest mean
thermal score of 11. This 11 indicates the higllemtmal score possible. The higher the
mean perceived body temperature score, the wareneeiped thermal temperature of
the pant style. The lowest possible score for peedebody temperature equals 0,
indicating the style is very cool.

The questionnaire also included an open-endediqudsr additional
comments during each session. This open-endedigu&gas used to provide
information on experiences during exercise that imeye been left unanswered in the

guestionnaire. Individual comments per pant stydéeenreported in the results section.

Data Analysis and Procedure

The data were analyzed according to the objecttagsd in the previous
section. The program STATA version 11.0, a genpuapose statistical software
package created in 1985 by Stata Corp was usddtistisally analyze the quantitative
subjective data. All quantitative subjective datsventered into STATA. The Likert
Scale scores were analyzed using means for eable afdividual criteria per section
on the questionnaire. The mean and standard daviatiall questions, for each
treatment and subject were calculated. Each secfitre questionnaire produced an
overall fit, skin sensation and thermal comfortred@r each subject and each pant
style. The running test response for perceived odmfas evaluated with a Repeated
Measures ANOVA with repeated-measures across égeh subject and time,

followed by a post ANOVA contrast analysis usedstate differences among
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conditions. The four assumptions of Repeated MeasdiNOVA include independence
of observations within and between samples, notynafisampling distribution, equal
variance and homogeneity of covariance. The indégece assumption is based on the
way data are collected. The normality assumptiorcems the sampling distribution.
The equal variance assumption addresses variamties populations. Under the null
hypothesis, the "within-groups" and "between-grdwasiance both estimate the same
underlying population variance and the F ratio@se to one. If the between-groups
variance is much larger than the within-groups,Rhratio becomes large and the
associated p-value becomes small. This leadsdotre@n of the null hypothesis, thereby
concluding that the means of the groups are n@opial. The homogeneity of
covariance refers to the requirement that the effethe treatment is consistent for all
of the subjects and no carry-over effects existalaas reported as mean +- SD for
each of the measures, unless otherwise speciffezllevel of significance was set at p<
0.05 for all analysis. The researcher chose tRepeated Measures ANOVA because
there were 3 or more independent groups. The thdependent groups were pant
styles, subjects, and time. The researcher decidetb conduct a series of t-tests (one
for each pair of sample means) because it woulditlean inflated Alpha. To conclude

more precise results, the researcher used Repdai@slires ANOVA.
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CHAPTER IV
RESULTS

The purpose of the research was to investigateepead comfort between men’s
athletic running pants. In this chapter, the resafithe questionnaire are presented and
will follow the objectives of the study. Three resylents participated, resulting in a
response rate of 100%. All statistical tests weterpreted at 0.05 probability level.

Objective 1: To determine human subjects' perceiteomfort of three pants
styles with varying levels of ease.
In the questionnaire, questions 1-10 are relatezbfnfort of the pant style treatment.
These were analyzed and compared across subjeiciss atyles, and before and after
each session. A fit score was calculated for stbjeg adding up their total scores for
each pant style. There were 10 questions that caingm a scale of 1-11 totaling a
mean maximum of 36.6 points for extremely comfdedlt. Scale ranged from 0-very
uncomfortable to 11-exteremly comfortable. TabEh@ws that mean perceived fit
scores across all three subjects before and aféecising. Following that, Table 8
shows the ANOVA statistical data. Figure 2 shovimagraph of the mean fit scores by

subject and style.



Table 7: Mean Perceived Fit Comfort Score
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Fit Comfort Score| Style Time Mean SD

Tight no pressure| A Before 23.43 +-3.092

Tight no pressure| A After 27.53 + - 4.664

Baggy B Before 21.06 +-4.760

Baggy B After 21.26 +-4.509

Compression C Before 27.53 +-3.742

Compression C After 25.16 +-2.459

Table 8: ANOVA of Perceived Fit Comfort Score

Source Partial SS d.f M.S. F- P R-squared=
Value 0.9538

Model 262.554 13  20.1964 6.35 0.0439*

id 135.314 2 67.6572 13.88 0.0159*

style 88.9144 2 44.4572 9.12 0.0323*

id*style 19.4922 4 4.87305

time 9.67999 1 9.67999 6.70 0.1225

ld*time 2.88999 2 1.44499

style*time 6.26333 2 3.13166  0.99 0.4489

Residual 12.7166 4 3.17916

Total 275.271 17  16.1924

*Significant at p < .05
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Figure 2: Graph of Mean Fit Scores:
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The overall model for the fit scores is significa(t3) = 6.35, p=0.0439. R-
squared = 0.9538 and can explain 95% of the vagianc

Within this model (Table 8), there is a significaifference in style, f (2,4) =
9.12, p=0.0323. After discovering the subjects ificemtly identified styles as fitting
differently, there was an ANOVA Contrast run to ewae the difference between each
style. Table 8 shows the ANOVA contrast betweeieSA and Style B. It reports no
significant difference between Style A and Style Bable 10 reports the difference
between Style A and Style C. Table 10 explainsetien significant different between
Style A and Style C f (1,4) = 39.93, p=0.032, amdbl€ 11 shows there is also a

significant difference between Style B and Style(C,4) = 65.96, p= 0.0013.
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Table 9: ANOVA CONTRAST of Perceived Fit Comfortd3e between Style A and B

Source SS df SM Contrast=_1.15
contrast | 3.96749956 1 3.9675 F= 325
error | 4.88888889 4  1.22220bP> F = 0.1459

t = .80
* Significant at_ p > 0.05

Table 10 : ANOVA CONTRAST of Perceived Fit Comf&tore between Style A and
C

Source SS df MS Contrast= -4.03
contrast | 48.8033287 1 48.8033 F = 39.93
error | 4.88888889 4 1.222rob > F = 0.0032*

t = 6.32

*Significant at p > 0.05

Table 11: ANOVA CONTRAST of Perceived Fit Comfotde by Style between B
and C

Source SS df SM Contrast=_-5.18
contrast | 80.6008254 1 80.6008 F = 65.95
error | 4.88888889 4  1.222Prob >F = 0.0013*

t = 812
* Significant at_ p > 0.05

Objective 2: To determine human subjects' perceskaa sensation of three pants with
varying levels of ease.

In the questionnaire, questions 11-17 are reldtedsensations. These were
analyzed and compared across subjects, stylegebamfid after each session. Perception
of skin sensation was described as 0-not at dlltextremely. Table 12 reports the
mean scores across all subjects before and akecise®. Highest mean skin sensation
score is 25.6. Mean scores across all style rafigad(3.067 to 7.734) (Table 12). The

results indicate there was no statistical diffeeebetween pant style, skin sensation and
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time (before and after). The following Table 13he ANOVA of perceived skin
sensation. Figure 3 shows a bar chart of meanssgkisation scores by subject and

across styles. It is shown that there is not siegisdifference between pant style.

Table 12: Mean Skin Sensation Score

Skin Sensation Style Time Mean SD
Tight no pressureg A Before 5.734 +- 4.3
Tight no pressureg A After 7.734 +-3.3
Baggy B Before 3.067 +- 1.6
Baggy B After 7.667 +-4.3
Compression C Before 5.067 +-3
Compression C After 6.533 +-2.5

Table 13: ANOVA of Perceived Skin Sensation Score

Source Partial SS df. M.S. F- P R-squared=
Value 0.8427

Model 157.171 13 12.0900 1.65 0.3353

id 49.0300 2 24.5150 4.81 0.0863

style 5.85333 2 2.92666 0.57 0.6036

id*style 20.3866 4 5.09666

32.5355 1.59 0.3345
20.4672
4.21555 0.57 0.6035

time 32.5355
ld*time 40.9344
style*time 8.43111

NN R

Residual 29.3488 4 7.33722
Total 186.5200 17 10.9717

* Significant at_ p > 0.05
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Figure 3: Mean Skin Sensation Scores:
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Objective 3: To determine human subjects’ perakithermal comfort of three pants
with varying levels of ease.

In the questionnaire, question 18 is related peedethermal comfort. This was
analyzed and compared across subjects, treatmahtsefore and after each session.
Table 14 shows the mean scores across all sulbjeftiee and after exercise. Highest
mean score is 11 points. Ranging from 0-very codll very hot). Across all pant
styles the scores ranged from 2.666 to 7.667.

In Table 15, the ANOVA of perceived thermal confoe results indicate that
the overall model is approaching significant f (8= 5, p=0.0662. There is a

significant difference between time and perceiaals of thermal comfort (1, 2) =
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27.13, p=0.034. Figure 4 shows a bar chart of nileammal perception scores by

subjects, across styles, before and after exercise.

Table 14: Mean Thermal Perception Score

Thermal Score Style Time Mean SD

Tight no pressure| A Before 3.333 +- 1.67

Tight no pressure| A After 5.333 +-0.77

Baggy B Before 2.667 +-1.33

Baggy B After 7.667 +- 2.0

Compression C Before 3 +0

Compression C After 5.667 +-1.33

Table 15: ANOVA of Perceived Thermal Comfort Score

Source Partial SS d.f. M.S. F- P R-squared=
Value 0.9420

Model 79.388 13 6.10687 5.00 0.0662

id 11.444 2 5.7222 3.03 0.1581

style 2.7778 2 1.3889 0.74 0.5346

id*style 7.5556 4 1.8889

time 46.722 1 46.7222 27.13  0.0349*

ld*time 3.4444 2 1.72222

style*time 7.4444 2 3.7222 3.05 0.1571

Residual 4.88889 4 1.22222

Total 84.2777 17 4.95751634

* Significant at p > 0.05




Figure 4: Mean Thermal Perception Score
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Overall Subjective Evaluation

At the very end of the survey there was an opere@mgiestion where the
subjects could comment on the overall comfort efggant. Open-ended question
responses are reported by style.
Comments- Style A:
“Thighs are loose”
“Very comfortable waistband”
“Thighs felt a little loose for my taste.”
“Very comfortable waist band but felt a little lads
“Pants are itchy at the calf’s”, “Felt a chill,rsof”
“Pants feel slightly breathable but too loose iotcin”
Comments- Style B:

“Feels good”

59



“Comfy loose fit”
“Very comfortable waist band”
“Comfy loose fit”

“Felt a lot warmer in these today”

Comments- Style C:

“Pants feel very nice”

“Very breathable/ comfy”

“Very comfortable waist band”

“Just thought the knees were a little restrict®éher than that | thought they were
comfortable.”

“Really liked the comfort of the waistband”

“I would run in these pants”

60
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CHAPTER V

CONCLUSIONS AND DISCUSSION
In this chapter, the results are discussed anbyetheses which were developed
for each objective will be accepted or rejectethe General findings, limitations, and
recommendations for further study are presented.
Hypotheses
Objective 1: To determine human subjects' perckiteeomfort of three pants with

varying levels of ease.

HI. There is a significant difference between pered fit comfort between
Style A and Style BThis hypothesis was rejected.

H2. There is a significant difference between pmed fit comfort between
Style A and Style CThis hypothesis was accepted.

H3. There is a significant difference between ped fit comfort between

Style B and Style CThis hypothesis was accepted.

Objective 2: To determine human subjects' perceskin sensation of three pants with
varying levels of ease.

H4. There is a significant difference between pmed skin sensation comfort
between Style A and Style Bhis hypothesis was rejected.

H5. There is a significant difference between pmed skin sensation comfort

between Style A and Style This hypothesis was rejected.
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H6. There is a significant difference between pmed skin sensation comfort

between Style B and Style This hypothesis was rejected.

Objective 3: To determine human subjects' percktliermal comfort of three pants
with varying levels of ease.

H7. There is a significant difference between pmed thermal comfort
between Style A and Style Bhis hypothesis was rejected, although the ovenaliel
is approaching significant.

H8. There is a significant difference between pmed thermal comfort
between Style A and Style This hypothesis was rejected, although the ovenaliel
is approaching significant.

H9. There is a significant difference between pmed thermal comfort
between Style B and Style This hypothesis was rejected, although the ovenaliel

is approaching significant.

Findings
The following are the major findings of the study:

1. There is a significant difference in the ovenatidel of perceived fit comfort
scores between all styles. This tells the reseatblat the subjects identified significant
differences between the pant styles.

2. There is a significant difference of fit comifbetween Style A and Style C.
Style A and Style C is similar in overall appea®style when worn on the body, but

very different ease fit. The amount of design dem® Style A to Style C results in a



63

variation of pressure on the body from 0% to -20¥is design ease reduction in fabric
compresses the legs and therefore produces a detypldferent comfort of fit than
any other style that is not compressing the bodgaies.
3. There is a significant difference between peszefit comfort between Style

B and Style C. Style B and Style C have the lardéfrence in fabric weight and ease
fit. There is a 25% difference in fabric. StyledBhbaggy and Style C compressed the leg
muscles.

4. There is a significant difference in perceitleelmal temperature before and
after exercise. This was expected and is not aiserto the researcher. As activity

increases the human heart rate increased themafodecing heat (Parsons, 2004).
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Conclusions and Discussion

The purpose of this study is to determine if thygesdr design ease of a man’s
running pants influences the subject’s perceivedfod of the garment. For each style
treatment, the fabric, fitting ease, environment aonstruction remained the same,
only the design ease was changed. The majoritiudfes on clothing comfort have
usually dealt with the fit of the garment or th8uence of different textile properties.
Few studies have evaluated the design ease aedo$tyhrments as it relates to
comfort.

When looking at the significance between styles,ithman subjects found a
significant difference between Style A and StyleSg/le A and Style C has a 20%
difference in ease. Style C had a higher fit stba@ Style A. The mean fit scores for
Style C was (27.5, 25.167) before and after exer€@®mpared to Style A, the mean fit
scores was (23.433, 21.2) before and after (Tabl8u&cessfully completing all
elements of this study fulfilled objective To determine human subjects' perceived fit
comfort of three pants with varying levels of ed$e. There was a difference between
the perceived comfort of Pant Style A and PaneSiyl

The results of this study cannot be applied togéreeral public or to running
pant styles that have not been tested, yet thgsinakvealed a significant difference
between pant Style B and C, supportii§ There was a difference between the
perceived comfort of Pant Style B and Pant Styl8t¢e B was the baggiest style out
of the three and had a mean fit score of (21.0&)4Table 6) before and after exercise.

There is an insignificant difference between thimteeand after fit scores for Style B.
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However, when comparing the overall fit scores leevStyles B to Style C there is a
significant difference. This significant differecsin be due to a few reasons. First
possibility is due to the lack of ‘chimney effectThe chimney effect occurs when
loosely hanging clothing ventilates the trappedajiers from the body (Gavin, 2003
pp.942). With the lack of this effect, the air betm the fabric and the body is heated up
during exercise and has no way of escape. The tdhgaluration of the exercise, the
warmer the trapped air will get. Second, it is gassthat the weight of the fabric had
some type of contribution to the overall fit scofehe pants. The lighter fabric weight,
the less amount of clothing worn and more airflovitte skin result in a cooler athlete
(Zou and McCulla, 2004, Gavin, 2003). Compressiamtents provide all of these
factors, therefore making them an ideal pair ohrog pants. This confirms the
hypothesighat there was a significant difference betweeeStg to B.
Pant Weight

Table 16 indicates the mean pant weight perceitone across all subjects
before and after exercise. Style B to Style C hadargest variation in amount of
yardage used. On the survey, subjects perceived Bigs feeling the heaviest, while
perceiving Style C as feeling the lightest in weiddelow is a chart showing the
differences in before and after scores across sighjer perceived weight of the fabric

used.



Table 16: Pant Weight Perception Score Before diel Axercise.

Style Before SD After SD
A 9 +-0 9 +- 0.6
B 9 + 1 16 +-2.7
C 6 +- 0.5 7 +- 1.7

As shown, Style A has no change across subjegsroeived weight of the
garment before and after exercising. While, StyleaB the largest variation in score,
jumping from 9 to 16 points in perception of weightyle C only has a 1-point increase

in perception of weight. Table 16 shows the aclalatic weight in grams.

Table 17: Actual Pant Weight

Style | Grams
A 279.248 ¢
B 315.9¢g
C 219.588 ¢

Comparing the perceived fabric weight to the ddaaric weight reinforced the
perception of fabric weight is accurate. Style Bhis heaviest at 315.9 grams. Style A is
the second heaviest at 279.248 grams. Style @ ikghtest pair of pants at 219.588
grams. This concludes that humans are capablero¢ipang fabric weight before and

after exercise.
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Perceived Skin Sensation

In Objective 2, this was to determine human subjgurceived skin sensation
of three pants with varying levels of ease. Thedtlyesis that we would find a
significant difference in skin sensation acrosatireents was rejected. During the
planning stages of the study, no consideratioedgdair and skin perception revealed
itself during a literature review. However, lookiagthe data a bit closer we find an
interesting difference across subjects. Scores adided up across all the skin sensation
scores by subject. The questions included, do gelugrickly, clammy, damp, itchy etc,
and there was a noticeable large difference betwabject 1 and 3 and subject 2 and 3.
Subject 3 had much higher skin sensation scoresthigeothers. | wanted to know what
could contribute to this finding. After consideratj | recalled that Subjects 1 and 2
ritually shave their legs and Subject 3 does ndtelMooking at the difference in scores
between the shavers and non-shaver we find arestieg difference. Below, Table 18,

shows the total scores of skin perception by siubjeefore and after exercise.

Table 18: Skin Sensation Perception Scores by subgfore and after exercise.

Subject Before SD After | SD

1 29 +- 2.6 56 +-3.4

2 37 +-4.21 39 +-2.43
3 44 +-4.16 113 +-4.1

By reviewing the scores of skin perception acreggexts, it is clear that there

is a large difference between Subject 3's afteresend the other 2 subject’s scores
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after exercise. Upon further research, it has shibvnrepeated rubbing on a hair
follicle can lead to increased skin sensationsemah infection. The most common hair
infection is called folliculitis. Folliculitis isnflammation surrounding a hair follicle.
Symptoms of follicultitis include pain, itching, siling and puss development. One of
the factors contributing to the development incluglgbing of tight clothing or hats
(Freiman, 2004). This leads the researcher to\eetliee leg hair on subject 3 influenced
the increase in his skin sensation score compartuketother subjects.

Objective 3 was to determine human subjects'gpezd thermal comfort of
three pants with varying levels of ease. There meastatistical difference found
between perceived thermal comforts of the three gigtes. The room average
temperature and relative humidity range for eactt pgyle is shown in Table 19. There
is an interesting range of scores across pantsséyld room temperature/ relative

humidity during the tests.

Table 19:Temperature/ relative humidity range/ agerby pant style:

Style Temp. Range F Relative Temp RH Average
Humidity Range | Average F

A 68° — 75.2° 31%-50% 71.6° 40.5%

B 66.2°-73.7° 31% - 50% 69.95° 40.5%

C 69.6° — 74.5° 32% - 46% 72.05° 39%

The relative high humidity in each test is seea asmitation of the study.

However, the room with the highest average tempegatias during the test in which
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Style C pant was being evaluated. Style C pantevakiated by the subjects as being
the coolest even thought the room was not. The nedmthe lowest average
temperature was during the test in which Style B b@ing evaluated. Style B was
evaluated by the subjects as being the warmestteeeight the room was not.

Although there is no significant difference betwagyles and perception of
thermal temperature, Table 20 shows that Styleshmacoolest perceived thermal
temperature, both before and after exercisingliébe this is because of the openness
of the knit fabric. As the fabric is stretched,isohe openness of the fabric structure
that allows more airflow to the skin. The more laif to the skin will result in a cooler
mean skin temperature (Gavin, 2003). The highezlle’compression may result in
more airflow. The designer will have to accountfiaric structure, percentage of
fabric stretch and the size of the athlete. Dependn the levels of compression, the
percentage of compression will impact the amouhgriow to reach the skin. The
higher the compression level the more opennedsedabric, the lower levels of
compression the more closed the fabric structulieoei

Style A is rated as having no change in percapiidchermal temperature

before and after exercise. Lastly, Style B was @eed to be the same thermal
temperature as Style A before exercising and tlegathvhottest, by 7 points, after
exercise. There is reason to believe that thisiestd the lack of “chimney effect”. The
chimney effect occurs when loosely hanging clothiagtilates the trapped air layers

from the body (Gavin, 2003 pp.942). With the latlkhas effect, the air between the
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fabric and the body is heated up during exerciseheas no way of escape. The longer

the duration of the exercise, the warmer the trdgpewill get.

Table 20: Total Percption of Thermal Temerature

Style Before SD After SD
A 9 +- 1.6 9 +-14
B 9 +-1.4 16 +- 0.6
C 6 +-1 7 +-1.4

This is interesting when compared to the Tempesadnd relative humidity of
the exercise portion. Style B was perceived ttheevarmest style even though the
ambient room temperature was the lowest of all@gersessions (Table 19). Style C
was perceived to be the coolest pair of runninggpatile the ambient temperate was
measured the highest. These temperatures aregndficaintly different but do bring up
an interesting observation.

Although not statistically supported, there appeaise a trend that warrants
further testing. Style B had the highest overatl Ghlue (Table 6) and was perceived to
be the hottest pair of running pants across alesit Even thought there is not a
statistical difference, this finding is interestifReferring to (Table 14), we can tell that
the lowest Thermal Temperature perception scorasfavgpant Style C. Table 21
shows a comparison between the average Clo vatlitharperception of thermal
temperatures. The lowest averaged Clo Value (Tablevas for pant Style C as well.

The middle score for thermal temperature perceptias pant Style A. The Clo value
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for pant Style A matches the middle rated of per@eithermal score. Lastly, Style B
was perceived as the hottest pair of running pamisthat matches with the Clo average

for Style B on the thermal manikin.

Table 21: Walking Clo Value Compared to Human Thariremperature Perception

Style Clo Vvalue sd Thermal Perceptign
Score
A .625 0.0645 18
B .645 0.0129 25
C .619 0.1419 13

Reviewing the overall subjective comments by irdiral style, we find two
themes that relate to the findings. Supportinge@ioye 3 hypotheses: there was a
difference between thermal perceptions of panestybtyle B received the highest
overall mean score for perception of thermal com#®rcomment for Style B
supporting that is, “Felt a lot warmer in theseagd Not only do scores reflect this but
the additional comment reinforces that Style B paceived to be the warmest during
exercise.

Another important comment that appears acrosstdés is about the comfort of
the waistband. The majority of waistbands, thad\ve worn on athletic apparel, range
from 1” - 2”. With a band this thin there is monegsure on less surface skin area. As a
designer and athlete, | have a person preferema@\iader waistband and |
incorporated this into my running pant design f@alesubjects. With a wider waistband
there is less pressure concentrated on one aresawidth distributes pressure evenly

over a larger surface area. In using this desigmnigue, it can prevent unsightly curves
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or rolls around the abdomen area. Waistband vadtbach subject’s pants was a 5”
band. Under each style there is a comment thasstafery comfortable waistband”. |
think it is important to note that each style, altgh different in ease throughout the

legs, was very comfortable at the waist.
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Limitations

This section will describe the limitations of tHedy.

1. The large range of relative humidity across mgrsessions limits the accuracy of
the results. The relative humidity contributes éogeption of body temperature. With
the large range in relative humidity it may haviduences the perception of body

temperature.

2. Another limitation of the study is the differenin leg shaving routines. Two of the
three subjects regularly shaved their legs andsabgect did not. This resulted in a
large difference between subject’s skin sensationes. This limits the accuracy of our

skin sensations results and data.

3. The use of only three subjects was also a ltraitaf the study and the results may

not be generalized to the larger population.
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Implications and Recommendations

The results indicate that humans have a differertgption of thermal comfort
as opposed to the measured Clo value. This confrungis’s (2004) study of sock
comparison. They discovered that “subjective peroap might be more important than
the objective measurements” (Purvis, 2004). Alugjiothere is no significant
difference in skin perception, thermal temperapgrception and Clo value results;
there is a significant difference in perceivedcbinfort. This reinforces that subjective
perceptions may be more important to designersetaders than the objective
measurements. Developing a more sophisticatedigoeaire and integrating them
with a larger sample size may yield to more stéticagnificant results.

The comparison of subjects indicate that amouhiaafon the legs has a large
influence on perception of skin sensation. To daither insight on creating an ‘ideal’
pair of running pants, future studies might invgste the use of subjects with similar
hair grooming rituals to see if there is a linegationship for perceived skin sensation.

Having a larger sample of pant styles with a maoeadtic difference in ease
across each style, may lead to more staticallgdfit results based on thermal
perception. Testing a larger sample of pant styiés a more dramatic difference in
ease across each style may also yield to a stgtdiEference in Clo values from a
thermal manikin.

From a design stand point, it is recommended fuett design companies to
incorporate a larger waistband for men’s runningaaiel. The subjective comments

revealed that a wider waistband is comfortabletHeurresearch may benefit from
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experimental design research exploring differemitlvof waistbands and preference of
width.

Further research may include exploring differemtites, knits and additional
pant styles. It would be interesting to comparéedent pant styles with more dramatic
ease variations. Exploring the impact of differenttiles in running pants would also be
valuable. Instead of comparing three styles ofsdnae fabric, compare six styles of
pants with three different textiles.

This data is valuable to designers and retaileteerathletic apparel field. From
the review of literature, we learned that comp@sgiants are beneficial of overall
athletic performance. They are proven to reducersss, increase jump height and
increase squat depth. From this study, it was fabatimale trainers find them more
comfortable compared to two other pant styles. [Agimore knowledge about
consumer’s preferences may yield higher sales,ibappnsumers and a lower return

rate.
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APPENDIX A HUMAN SUBJECT GUIDE
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APPENDIX D PRE- TEST QUESTIONAIREE

Perceived Comfort in Apparel HHS- DHE Research ftud
Subjects General I nformation:

1.Name:

2. Gender:

3. Age:

4. Height:

5. Have you had any recent injuries: f no,lcontinue on to
guestion 8.

6. If yes, have they been examined by a
doctor?

7. If yes, do you have physician approval or pesioisto endure aerobic
exercise?

Contact information

8. Email:

9. Cell phone:

10. Preferred Method of
communication:

11. Best time to contact:

12. Best days/ times to participate in
study:




APPENDIX E QUESTIONAIRRE

Perceived Comfort in Apparel- Fit assessment
Subject:
Treatment:
Date:

Visit #

Questionnaire:
Thefollowing questions was asked twice, once befor e the exer cise and once after.

Please rate perceptions of fit comfort on a saalef0-11. Circle your answer.
1. How tight would you rate the pants?
Loose - Slightly loose - Not loose or tigl8lightly tight Extremely Tight

2. How would you rate the chafing/ rubbing of ttes?

0 ----- 1 - 2 - 3 - 4 —---- 5 ----- 6--- 7 ------ 8 ------ 9 ----10 ----- 11
Not at all Slightly SomewhatVery Much Extremely
3. How would you rate the fit?

0---- 1 - 2 - 3 - 4 - 5----- 6--- 7 ------ 8 ------ 9---10 ----- 11
Very Poor Poor Acceptable Good Very Good

4. How comfortable does the waist fit feel?

01 --m- p R U N - U ; W — S — 9----10 - 11
Very Uncomfortable - Slightly Uncomfortable - @fortable - Quite Comfortable - Extremely Contédle

5. How comfortable does the crotch/ rise feel?
0 ---- 1 ---- 2 -—--- 3 - 4 - 5 6--- 7 ------ 8 -—---- 9 ----10 ----- 11
Very Uncomfortable - Slightly Uncomfortable - @fortable - Quite Comfortable - Extremely Contédle

6. How comfortable does the thigh area feel?

[ JE— p— R JUURURY GURRY GRS - Wy gun— s Ja— 9 ---- 10 - 11
Very Uncomfortable - Slightly Uncomfortable - @fortable - Quite Comfortable - Extremely Contédle

7. How comfortable does the knee feel?

01 - R R Lk - I . Seely e 8 - 9---10--—---11
Very Uncomfortable - Slightly Uncomfortable - @fortable - Quite Comfortable - Extremely Contédle

8. How comfortable does the calf are feel?

01 - R e e 8 - 9--10--—--11
Very Uncomfortable - Slightly Uncomfortable - @fortable - Quite Comfortable - Extremely Contédle

9. How comfortable does the ankle area feel?
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01 - R R Lk - I . Seely e 8 - 9---10-----11
Very Uncomfortable - Slightly Uncomfortable - @fortable - Quite Comfortable - Extremely Contédle

10. How comfortable is this garment?
QR [— p JEN QRN RN QU S g— S — 9 ---- 10 - 11
Very Uncomfortable - Slightly Uncomfortable - @fortable - Quite Comfortable - Extremely Contédle

Please rate perceptions of skin sensation on a &cah 0-11. Circle your answer.

11. Do you feel damp?

0----- 1 --—--- 2 ----- 3 - 4 ----- 5-—6 ---- 7------ 8------ Q —-mmmm 10 ----- 11
Not at all Slightly Somewha Very Much Extremely
12. Do you feel prickly?

0----- 1 --—--- 2 ----- 3 - 4 ----- 5-—6 ---- 7------ 8------ Q - 10 ----- 11
Not at all Slightly Somewha Very Much Extremely
13. Do you feel clammy?

0----- 1 --—--- 2 ----- 3 - 4 ----- 5-—6 ---- 7------ 8------ Q - 10 ----- 11
Not at all Slightly Somewha Very Much Extremely
14. Do you feel sticky?

0----- 1 --—--- 2 ----- 3 - 4 ----- 5-—6 ---- 7------ 8------ Q —-mmem- 10 ----- 11
Not at all Slightly Somewha Very Much Extremely
15. Do you feel itchy?

0----- 1 --—--- 2 ----- 3 - 4 ----- 5-—6 ---- 7------ 8------ Q —-mmem- 10 ----- 11
Not at all Slightly Somewha Very Much Extremely
16.How would you describe the weight of the pants?

0----- 1 --—--- 2 ----- 3 - 4 - 5--6 - 7 - 8------ Q--mmmm- 10 ----- 11
Light Light Med. Medium Medium-Heavy Heavy
17.Do these pants feel breathable?

0----- 1--—--- 2 ----- 3 ----- 4 ----- 5----- 6--- 7 ------ 8 ------ 9 oo 10 ----- 11
Not at all Slightly Somewha Very Much Extremely

Please rate perceptions of thermal comfort on ke $aam 0-11

18. How would you rate your body temperature?
0----- 1 --—--- 2 ----- 3 - 4 ----- 5-—6 ---- 7 ------ 8 ------ 9------- 10 ----- 11
Very cool Cool Average Hot Very Hot
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