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EXPLORING CONSUMERS’ VIRTUAL GARMENT FIT SATISFACTIONS
TO PREDICT THEIR ACTUAL SATISFACTIONS

SUMMARY

Garment fit satisfaction is a very complicated phenomena due to its numerous
components and has always been a problem for clothing companies since consumers
often complain about poor fitting. However, this issue became more significant due to
high return rates of online shopping which is often associated with the fit of the
garment. Virtual try-on technology is a useful tool to minimize fit issues encountered
during and after online purchasing. Virtual try-on technology enables consumers to
see and evaluate how a specific cloth would actually look on their own bodies. During
a virtual try-on experience, consumers are expected to evaluate the garment fit by
looking at a virtual image. This image consists of a virtual cloth created by a simulation
software and a virtual model that represents consumer’s body. For a life-like
experience, virtual model must be an accurate and realistic simulation of consumer’s
body which is often attained by 3D body scanning.

Occasions for the virtual try-on technology to be used for online shopping have been
already discussed in academia and industry during the last decade, but these
expectations have not been met due to expensive and inaccessible 3D body scanners.
However, 3D body scanning technology has evolved since then. Nowadays, to scan an
object, a surface or a human body, is as easy as using a mobile phone or a portable
scanner. Even though, it is not yet that common, using virtual try-on technology for
online shopping is now around the corner. When the virtual try-on technology is fully
ready for the market, it can be possible for consumers to decide whether to buy a cloth
depending on their fit satisfactions of a virtual garment. This anticipation makes virtual
fit satisfaction as important as real fit satisfaction.

In this dissertation, factors affecting consumers’ virtual fit satisfactions were heeded
and a further exploration of virtual fit satisfaction notion was pursued. The research
model offered by LaBat and DeLong (1990) was the keystone when exploring the
factors that affect consumers’ virtual fit satisfactions. According to their research,
consumers’ garment fit satisfactions depend on some internal factors (directly related
to the cloth and the consumer) and external factors (related to the fashion trends and
beauty perception of societies and fashion industry). The model offered by LaBat and
DeLong cannot be directly implemented to understand the factors that affect
consumers’ virtual fit satisfactions since the virtual try-on conditions are considerably
different than actually wearing the cloth and assessing its actual fit. Hence, for this
dissertation, these internal and external factors were modified and additional factors
which are only applicable for virtual context were included. These novel factors
offered in this dissertation were consumers’ virtual body satisfactions, virtual try-on
acceptance, 3D body scanning experience and the 3D fabric properties which are
derived from actual fabric properties. The relationship between these novel factors and
consumers’ virtual fit satisfactions were questioned and tested by an experimental set-
up. Moreover, the association between consumers’ virtual fit satisfactions and other
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factors which are also present during an actual try-on scenario, such as consumers’
body measurements, product liking and online shopping attitudes were also
investigated.

Although virtual fit satisfaction is important and influential, it is actually a tool to
ensure consumer’s satisfaction with the real fit of the garment. Before the virtual try-
on technology, it was almost impossible to predict whether the consumer would be
satisfied with the fit of the garment or to what extend he/she would be satisfied after
an online purchase. In this study, consumer’s virtual fit satisfaction was sought as a
useful tool to predict consumer’s actual fit satisfaction by incorporating internal factors
(consumers’ body measurements, body satisfactions and fabric properties). Ultimately,
in this dissertation, a research model to predict consumers’ real fit satisfactions was
offered, experimentally measured, and statistically tested.

Garment fit satisfaction is highly subjective since personal preferences are involved.
People may like or dislike the fit of a garment due to its design that consists of its
silhouette, line, color and texture (or fabric). In this study, the impact of fabric
properties on consumers’ fit satisfactions was particularly investigated. To do that,
other design elements (silhouette, line and color) were fixed, and only fabrics have
been altered. Eventually, fourteen woven fabrics were collected, and their critical
properties (thickness, weight, bending rigidity, shear rigidity, elongation, drape
coefficient, surface friction and roughness) were measured by various testing
instruments. Afterwards, fabrics were statistically clustered into four groups according
to their measured fabric properties. Following this objective clustering, seven of the
fabrics were extracted due to their subjective alikeness to the other fabrics within the
same cluster. Finally, seven circular skirts which have the same color (black) and same
measurements (medium size), but different woven fabrics were produced by a
professional seamstress.

For the garment fit experiments, forty-five medium size subjects were recruited in
Cornell University. Subjects’ body satisfactions, product likenesses, online shopping
attitudes were measured by an online survey. Then, each subject was 3D body scanned
with their underwear, and their 3D body scans were exported to a commercial 3D
garment simulation software to be assigned as virtual models during virtual try-on.
After 3D body scanning, each subject tried on four different skirts (one skirt from each
cluster) and evaluated their actual fits. Subjects also saw the simulation of each skirt
before wearing and evaluated their virtual fit on their own avatar. By doing so, subjects
were intended to have an ideal virtual try-on experience during an online shopping
scenario. At the end of the experiments, subjects’ i virtual fit technologies used
throughout the experiments (3D body scanner and virtual try-on) were measured.

Collected data was analyzed by using SPSS v.25 statistical software. The first
objective of this research was to investigate the factors affecting the virtual fit
satisfactions of the consumers. Pearson’s correlation test was conducted to explore the
correlation between subjects’ virtual fit satisfactions and; body measurements, virtual
body satisfactions, liking of the cloth design, interaction with virtual fit technologies,
attitudes toward product type, and 3D fabric properties. The strongest correlation of
subjects’ virtual fit satisfactions was found with their virtual body satisfactions at hips
level (r (180) =.50). It was followed by their belly, hip-thigh and waist measurements
(r (180) = -. 34, -. 29,-.28, respectively), and finally their liking of the cloth design (r
(180)=.33). A weak correlation was found between consumers’ virtual fit satisfactions
and their interaction with 3D body scanner and virtual try-on technology (r (180) =.26

XXil



and .24, respectively) (All correlations were significant at p=0.01 level). On the other
hand, no significant correlation was found between consumers’ virtual fit satisfactions
and 3D fabric properties.

The second objective of the study was to develop a statistical model to predict
consumers’ real fit satisfactions and to test its validity. In this study, various skirts
were fitted on numerous subjects hence, it was appropriate to use multilevel linear
regression instead of simple regression. Therefore, a multilevel linear model (MLM)
with maximum likelihood estimation was developed. Subjects’ real garment fit
satisfaction was assigned as dependent variable; and subjects’ body measurements,
body satisfactions, virtual fit satisfactions, and fabric properties were assigned as
predictor variables. The results of the analysis showed that subjects’ virtual fit
satisfaction was the strongest predictor of their real fit satisfaction (F (1, 80.72) =
55.00, p<.01, B=0.54). The second-best predictor was fabrics’ bending rigidity in weft
direction (F (1, 155.26) = 13.33, p<0.01, B =- 0.37). Subjects’ waist height and overall
body satisfactions were also significant to predict their real fit satisfactions (F (1,
37.67) =6.23, p< 0.01, p=0.28, F (1, 41.58) =5.71, p< 0.05, p= 0.24, respectively).
Ultimatly, subjects’ real fit satisfactions were predicted by the developed MLM by
using their virtual fit satisfactions, body measurements, body satisfactions and fabric
properties. According to the results, subjects’ real fit satisfactions and their predicted
fit satisfactions were strongly correlated (r (180) =.775, p <.01). Furthermore, cross
validation was established to test the efficacy of the developed prediction model. For
cross validation, collected data were partitioned into two groups randomly. 80 percent
(N=148) of the data were used for training the model and 20 percent (N=32) were used
for testing. A linear regression equation was obtained by running the developed MLM
with the training data. Afterwards, obtained regression equation was used to predict
subjects’ real fit satisfactions in the preserved test data. According to the cross-
validation, the predicted and actually measured real fit satisfactions were strongly
correlated (r(32)= .83, p< 0.01). In addition to correlation analysis, a paired t-test was
conducted between subjects predicted and actually measured real fit satisfactions.
According to the paired t-test results, no significant difference was found between
these two groups (t(1, 31)= 1.86, d=.23, p= 0.073). The correlation and paired t-test
analysis are strong indicators that the developed MLM works well to predict
consumers’ real fit satisfactions.

Another objective of this study was to compare consumers’ real and virtual fit
satisfactions. The correlation between subjects’ real and virtual garment fit
satisfactions were explored by Pearson’s correlation test and the means were compared
by paired t-test. The results showed that subjects’ real and virtual garment fit
satisfactions were highly correlated (r (180) = .63, p< 0.01). Even though the
correlation was high, a significant difference between subjects’ real and virtual fit
satisfactions were detected for some of the skirts particularly. This brings an answer
to the final objective of the study which was to understand how different fabrics affect
consumers’ garment fit satisfactions in real and virtual context. The results showed
that whilst consumers’ grasp the fabric related fit alterations in real context, they do
not perceive it in virtual context.

Finally, the decline of subjects’ body satisfaction level after being exposed to their 3D
body scan images was also notable. This decrease was remarkable especially for waist
and hips area.
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In this dissertation, garment simulation technology was used to create an online
purchasing scenario. Moreover, consumers’ garment fit satisfactions were measured
with respect to the subjectivisms of the garment fit whereas literature often adopt an
objective approach. Factors affecting the virtual fit satisfaction of consumers were
empirically explored, and a statistical model to predict consumers’ real fit satisfactions
were successfully developed by incorporating their virtual fit satisfactions.

The research methodology used in this dissertation study can be used to predict
consumers’ real fit satisfactions for other cloth types or styles by adjusting variables,
and consequently increase online shopping and reduce garment returns related to fit
issues.
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SANAL GIYSi DURUSU MEMNUNIYETININ GERCEK GIiYSi DURUSU
MEMNUNIYETINI TAHMIN ETMEK iCiN KULLANILMASI

OZET

Kiyafet gibi denenerek satin alinmasi tercih edilen iiriinlerin internet satig1 nispeten
yeni ve bir o kadar da problemli bir konudur. Internet iizerinden satin alman her dért
kiyafetten biri iade edilmektedir (Briggs, 2013). Iade sebeplerinin baginda kiyafetlerin
giyen kisinin bedenine uygun olmamasi ve durusu gosterilmektedir (Kim, 2008).

Son yillarda, sanal giyinme (virtual try-on) teknolojisi, internet iizerinden yapilan
kiyafet aligverislerinde giysi durusuna (fit) bagli olan sorunlarin giderilmesi igin
¢ozlim olarak Onerilmektedir. Sanal giyinme; tiiketicinin viicudunun sanal
benzetiminin (simulation) olusturulmasi ve bu benzetimin bilgisayar ortaminda sanal
kiyafetlerle giydirilmesi olarak tanimlanabilir. Sanal giyinme teknolojisinin giyim
sektoriinde kullanilmasi heniiz sik karsilagilan bir durum olmasa da Sniimiizdeki
yillarda giderek yayginlasacagi diisiiniilmektedir. Sanal giyinme teknolojisini test eden
Ingiliz perakende firmas1 ASOS, internet alisverislerinde iiriin iade oranlarinin yiizde
elli oraninda azalttigini belirtmistir (Dunn, 2015).

Internet aligverisinin giderek yayginlasmasi ve buna bagli olarak giysi durusunun daha
sik karsilasilan bir problem olarak ortaya ¢ikmasi bu tezin motivasyonu olmustur. Son
on yil igerisinde internet aligverislerinde karsilasilan giysi durusu sorununu ele alan
pek ¢ok akademik arastirma yapilmistir. Ancak bu aragtirmalarin ¢ogunda, giysi
durusu tiiketiciler tarafindan degil, giyim tasarimi veya teknolojileri konularinda
uzman kisiler tarafindan degerlendirilmistir. Bir diger dikkat ¢eken nokta da ii¢
boyutlu giydirme teknolojisinin internet aligverisi i¢in kullanilmasindan ziyade iiriin
gelistirme amaciyla kullanimina yonelik arastirmalarin yayginhigidir. Bu doktora tezi,
tilketici bakis acisinin dikkate alinmasi ve sanal giyinme teknolojisinin internet
aligverisine yonelik degerlendirilmesi acisindan farklilik gostermektedir.

Giysinin bedene uygunlugu, farkli ve pek ¢ok sayida faktore bagli oldugu i¢in oldukca
karmagik bir konudur. 1990 yilinda LaBat ve DeLong, tiiketicilerin giysinin
durusundan memnuniyetlerini etkileyen faktorleri i¢sel ve digsal faktorler olarak
siniflandirmislardir (LaBat & DeLong, 1990). igsel faktdrler; kiyafet, tiiketici ve bu
ikisinin etkilesimine bagli olan faktoérler olarak tanimlanabilir. Digsal faktorler ise
moda endiistrisi ve toplum tarafindan belirlenen, giizellik algisina bagli olan ancak
giysiyi giyen kisiden bagimsiz olan faktorlerdir. Digsal faktorlerin giysi durusu
memnuniyetine etkisinin 6l¢iilmesi doneme ve topluma bagli oldugu i¢in daha zordur.
LaBat ve DeLong (1990) tarafindan onerilen modeldeki igsel faktorler goz oniinde
bulundurarak deneylerin planlamas1 yapilmistir. Bu sebeple tiiketicilerin giysi durusu
memnuniyetine etki eden igsel faktdrleri detaylandirma ihtiyaci dogmaktadir. Igsel
faktorler kisiye bagli olarak beden memnuniyeti; kiyafet-kisi iligskisine bagh olarak da
beden olgiileri ve kiyafet olarak siniflandirilabilinir. Kiyafet etkeni ise kendi i¢inde alt
kavramlari olan bir basliktir. Kiyafetin Ol¢iileri ve kiyafet tasarimi (siluet, kontur, renk
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ve doku o6zellikleri) giysi durusu memnuniyetine etki eden bu alt faktdrler olarak
sayilabilir.

Yakin zamanda sanal giyinme kavramu tiiketicilerin bilgisayar ekranina bakarak giysi
durusundan memnuniyetlerine karar verme durumunu beraberinde getirecektir. Sanal
giysinin durusuna bagli olarak tiiketiciler iiriinii satin almaya veya almamaya karar
vereceklerdir.  Sanal giysi durusu memnuniyeti bu sebeple baslt basina yeni bir
kavramdir ve bugiine kadar sanal giysi durusu memnuniyetine etki eden faktorler
tizerine heniiz bir arastirma yapilmamistir. Bu doktora tezinde, tiiketicilerin sanal giysi
durusu memnuniyetine etki eden faktdrler, DeLong ve LaBat’in ger¢ek kiyafet durusu
memnuniyetine yonelik onerdikleri model esas alinarak gelistirilmis ve etkileri istatik
yontemlerle test edilmistir. Sanal giyinme gergek hayatta kiyafeti denemekten oldukga
farkli bir tecriibedir. Dolayistyla bu model i¢in yeni faktorler dnerilmistir. Bu yeni
faktorlerin basinda sanal beden memnuniyeti gelmektedir. Sanal giyinme esnasinda,
ideal durumda, kisi kendi bedenini bilgisayar ortaminda {i¢ boyutlu olarak
gormektedir. Kisinin sanal ortamdaki bu goriintiisinden memnuniyeti; sanal giysi
durusundan memnuniyetini etkileyen bir faktor olarak onerilmistir. Bunun disinda,
sanal giyinme siirecinde kisi ii¢ boyutlu giydirme teknolojileriyle etkilesim halindedir
ve bu teknolojilere kars1 tutumlari sanal giysi durusu memnuniyetine etki edebilir. Bu
teknolojilerin basinda ii¢ boyutlu viicut tarayicilar: gelmektedir. Mevcut teknolojilerle,
kisinin viicut benzetiminin en gercekci sekilde olusturulmasi i¢in {ic boyutlu
tarayiciyla taranmast gerekmektedir. Etkilesim halinde olunan bir diger teknoloji de
ic boyutlu giydirme programi araciligiyla saglanan sanal giydirmenin kendisidir. Son
olarak sanal giyinme esnasinda kumaslara dokunup hissetme imkani yoktur. Normal
sartlarda bu kumaslarin tutum 6zelliklerini objektif olarak degerlendirmek i¢in bazi
mekanik ve fiziksel 6zellikleri kullanilmaktadir. Bu 6zellikler giydirme programlarina
iic boyutlu kumas Ozellikleri olarak aktarilmakta ve algoritmalarinda sanal kiyafeti
olustururken kullanilmaktadir. Farkli kumag 6zelliklerinin sanal ortamda da gergek
hayatta oldugu gibi farkli giysi durusu gostermeleri beklenmektedir. Dolayistyla ii¢
boyutlu kumas ozellikleri de sanal giysi durusu memnuniyetini etkileyen bir diger
faktor olarak onerilmistir.

Tiiketicilerin sanal giysi durusundan memnun olmasi durumunda iirlinii satin almasi
olasidir. Daha sonrasinda iiriinii temin eden tiiketici, lirlinii deneyecek ve gercek giysi
durusunu degerlendirecektir. Bu degerlendirmenin sonucu da gercek giysi durusu
memnuniyeti olarak adlandirilabilir. Dolayisiyla sanal giysi durugu memnuniyetinin
gercek giysi durusu memnuniyeti ile pozitif yonde bir iliskisinin olmasi beklenir. Bu
doktora tezinde de, sanal giysi durusu memnuniyetinin, gercek giysi durusu
memnuniyetini tahmin etmek i¢in kullanilmasi 6ngoriilmiistiir. Sanal giysi durusu
memnuniyeti tek bagina tahmin eden degisken (predictor variable) olarak
kullanilabilir. Ancak bu degiskenin LaBat ve DeLong’un 6nerdigi modelde diger igsel
faktorlerle (kumas ozellikleri, beden Ol¢iileri ve beden memnuniyeti) birlestirilmesi,
ve bu degiskenlerin de tahmin eden degisken olarak kullanilmasi durumunda gergek
giysi durugu memnuniyetini daha iyi/yakin tahmin edecegi 6ngdriilmiistiir. Dolayisiyla
gercek giysi durusunu yiliksek oranda tahmin edecek bir istatistiksel modelin
gelistirilmesi hedeflenmistir.

Bu tezin temel iki amaci: 1) tiiketicilerin sanal giysi durusu memnuniyetlerine etki
eden faktorlerin belirlenmesi/test edilmesi; 2) tiiketicilerin gergek giysi durusu
memnuniyetlerinin, sanal giysi durusu memnuniyetlerini kullanarak tahmin edilmesi
olarak 6zetlemek miimkiindiir. Bu amaglar g6z oniinde bulundurularak deneylerin
tasarimi gerceklestirilmistir. Deney tasarimi gerceklestirilirken dikkat edilen bir diger
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nokta da sanal giydirme teknolojisinin gergek kumas oOzelliklerini yeterince
yansitamamasi yoniindeki aragtirma ve tespitlerdir. Dolayisiyla farkli 6zelliklerdeki
kumaslarin gercekte ve sanal ortamda nasil bir giysi durusu sergiledikleri ve tiiketiciler
tarafindan giysi duruslarinin nasil degerlendirildigi 6nemsenmistir. Daha 6nce de izah
edildigi gibi, giysi durusuna etki eden igsel faktorlerden biri de kiyafetin tasarimidir.
Tasarim ise siluet, kontur, renk ve doku 6zelliklerinin bir bilesimidir. Eger kumasg
ozelliklerinin giysi durusuna etkisi aragtirilmak isteniyor ise, diger bilesenlerin
sabitlenmesi deneysel tasarim agisindan gereklidir.

Deneyler i¢in, giysi durusu problemlerinin daha ¢ok alt beden kiyafetlerde yasanmasi
sebebiyle, alt beden kiyafet gruplarindan birinin sec¢ilmesi uygun goriilmiistiir.
Kumaglarin dokiimliilik ozellikleri giysi durusuna etki eden temel Ozelliklerden
biridir. Dolayistyla farkli dokiimliiliikk 6zelliklerine sahip kumaglarin kullanilmasi
benimsenmistir. Bu sebepten otiirii de dokiimliiliik 6zelliginin ortaya gikacag: dairesel
etek modeli kiyafetin silueti i¢in uygun goriilmiistiir. Renk olarak ise notr bir renk olan
siyah tercih edilmistir. Uriin grubu ve renk belirlendikten sonra on dért farkli dokuma
kumas temin edilmistir. {lk olarak bu dokuma kumaslarin 6zellikleri farkli test
yontemleriyle dl¢iilmiistiir. Kumaglarin {i¢ boyutlu giydirme programlarinda gercege
en yakin olarak olusturulmasi i¢in biikiilme ve kayma direnglerinin, ve esneme
ozelliklerinin atki ve ¢6zgii yoniinde ayr1 ayr1 tespit edilmesi ve programa girilmesi
gerekmektedir (Bu programlar kendi kiitliphanelerinden uygun kumasin seg¢ilmesi
secenegini de sunmaktadirlar. Ancak, kumas Ozelliklerinin yarattigi farklarin bu
calisma i¢in esas alinmasi sebebiyle, gercekte Olciilen degerlerinin kullanilmasi uygun
goriilmiistiir). Bahsedilen ozellikler disinda kumas kalinligi, gramaji ve siirtiinme
katsayisinin da programa girilmesi gerekmektedir. Kumaslarin esneme ve kayma
ozellikleri, mukavemet cihaziyla; biikiilme Ozellikleri, Shirley kumas sertlik test
cihaziyla; slirtiinme katsayisi ve ylizey piiriizliilik 6zellikleri ise bu 6l¢giim amagclari
icin gelistirilen test cihazlariyla Sl¢iilmiistiir. Bunun disinda kumaslarin dékiimliiliik
katsayis1 degeri de Cusick dokiimliiliik cihazi kullanilarak hesaplanmigtir. Daha sonra
bu on dort kumas, Olciilen Ozelliklerine gore R programinda hiyerarsik olarak
(hierarchical cluster) dort grupta kiimelenmis, her gruptaki kumaslarin tutum
ozellikleri iki tekstil teknoloji uzmani tarafindan siibjektif olarak degerlendirilmis, ve
grup igerisinde birbirine ¢ok benzer olan kumaglar elenmistir. Siibjektif eleme
yapilmasinin sebebi, etekleri deneklerin giyecek olmasi ve birbirine ¢ok benzer olan
kumaglarin giysi durusu degerlendirmelerinin de ¢ok benzer olacagidir. Sonug olarak
dort farkli kiimeye dahil yedi farkli kumas, giysi durusunu degerlendirmek iizere, ayni
Olciilere sahip daire etekler olmak {izere dikilmistir. Daire etekler baz bedeni olarak
tercih edilen Medium (M) beden olarak dikilmislerdir.

18-35 yas aralig1 arasinda M beden giyen kadinlar en sik internet aligverisi yapan yas
grubu olmasi sebebiyle tercih edilmistir. Deneylere farkli etnik gruplarda ve egitim
diizeylerinde, kirk bes kadin denek katilmistir. Deneyler Cornell Universitesi’nin etik
kurul onayiyla, Cornell BodyScan Lab’da uygulanmistir. Her bir denek laboratuvara
tek tek cagirilmistir. Denek laboratuvara geldiginde ilk olarak kendi i¢ camasirlariyla
iic boyutlu viicut taramasi yapilmis; demografik 6zellikleri, beden memnuniyeti,
internet aligveris aligkanliklari, hazir giyim kiyafetlerinin kendi bedenlerine
uygunlugu, moda zevki gibi degiskenler ¢cevrimi¢i bir anketle 6l¢iilmiistiir. Daha sonra
denege kendi bedeni ii¢ boyutlu olarak ekrandan gosterilmis ve sanal beden
memnuniyeti buna bagli olarak 6l¢iilmiistiir. Sonraki etapta, denege her bir kumas
kiimesinden bir etek olacak sekilde toplamda dort farkli etek verilmis ve etekleri
giymesi istenmistir. Denegin viicut tarayicisindan elde edilen avatarina bu dort etek
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ayr1 ayr1 sanal olarak giydirilmistir. Sanal etekler olusturulurken daha dnceden Sl¢iilen
kumas Ozellikleri kullanilmistir. Denekler her bir etegin Once sanal giydirmesini
gbérmiis ve etek durusunu 7°li Likert dlgeginde bel, karin, basen ve etek ucu bolgeleri
icin ayr1 ayrt degerlendirmigtir. Daha sonra ayni etegin gercegini giymis ve ayni
degerlendirmeyi bu sefer aynaya bakarak yapmistir. Bu iglem dort etek igin
tekrarlanmistir. Deneyin sonunda denegin {i¢ boyutlu giysi durusu teknolojilerine
yonelik degerlendirmeleri Olciilmiistiir. Her bir deney yaklagik bir saat siirmiis ve
deneklere deney sonunda on bes dolar 6deme yapilmistir.

Elde edilen veriler SPSS v.25 istatistik analiz programinda analiz edilmistir.
Arastirmanin ilk amaci olan sanal giysi durusu memnuniyetini etkileyen faktorleri
tespit edebilmek icin dlgiilen her bir bagimsiz degiskenin (beden 6lgiileri, sanal beden
memnuniyeti, etek tasarimina karsi tutumu, sanal giyinme teknolojilerine karsi
tutumu, lirlin grubuna kars1 tutumu, iiriin grubu internetten satin alma davranist ve 3
boyutlu kumas o6zellikleri), bagimli degisken (sanal giysi durusu memnuniyeti) ile
iligkisi Pearson’s korelasyon testi ile Ol¢iilmiistiir. En yiiksek korelasyonun, basen
bolgesi icin Olciilen sanal beden memnuniyeti oldugu tespit edilmistir (r(180)= .50).
Daha sonra karin, basen-kalca ve bel ¢evresi Ol¢iileri ile negatif yonlii iligkisi tespit
edilmistir (sirasiyla: r(180)=-. 34, -. 29, .-28). Deneklerin etek tasarimina kars1 tutumu,
sanal giysi durusu memnuniyetleriyle pozitif iligkili bir degisken olarak saptanmigtir
(r(180)=.33). Deneklerin sanal giyinme teknolojilerine karsi tutum ve sanal giydirme
memnuniyeti arasinda iligki tespit edilmis olsa da bu iligskinin derecesi azdir (r(180)=
.26). (Tiim korelasyonlar i¢in p degeri 0.01°den kiigiiktiir). Bir diger tespit edilen
durum da, giydirme programina girilen kumas Ozelliklerinin sanal giysi durusu
memnuniyeti ile iliskisi olmadigidir. Baska bir deyisle, farkli kumaslara gore
olusturulan sanal giysilerin, giysi durusu memnuniyetleri kumas farkliligindan
etkilenmemistir.

Bu arastirmanin bir diger temel amaci da tiiketicilerin ger¢ek giysi durusu
memnuniyetini tahmin edecek bir istatistik model gelistirmek ve basari oranini test
etmektir. Farkli etekler farkli denekler tarafindan giyilip degerlendirildigi i¢in ¢oklu
dogrusal regresyon modelinin (multilevel linear regression model) kullanilmasi uygun
goriilmiistiir. Coklu regresyon modellerinin hiyerarsik yapisina gore etekler birinci
katmanda, denekler ikinci katmanda yer almaktadir. Bu analizde tahmin yontemi
olarak en biiylik olabilirlik kestirimi (maximum likelihood estimation) ydntemi
kullanilmigtir. En nihayetinde, gercek giysi durusu memnuniyeti tahmin degiskeni
olarak; denek numarasi rassal degisken olarak; beden 6l¢iileri, beden memnuniyeti,
kumas 6zellikleri ve sanal giysi durusu memnuniyeti tahmin eden degiskenler olarak
tanimlanmis ve analiz gergeklestirilmistir. Tahmin modelinin gegerliligini test
edebilmek i¢in capraz gegerlilik (cross validation) yontemi uygulanmistir. Bu amagla
verinin ylizde sekseni (N=148) ile ¢coklu regresyon modeli kurulmus ve kalan yiizde
yirmisi (N=32) ile de modelin gecerliligi test edilmistir. Coklu regresyon modeline
gore, en kuvvetli tahmin eden degiskenin sanal giysi durusu memnuniyeti oldugu
tespit edilmistir (F(1, 88.720=49.292, p<0.01, B= .55). Kumaglarin atki yoniinde
biikiilme direncinin en iyi ikinci tahmin eden degisken oldugu goézlenmistir (F(1,
131.055)=11.174, p< 0.01, B= -.38). Olusturulan c¢oklu regresyon modeli, verinin
kullanilmayan yiizde yirmilik kismini tahmin etmek i¢in kullanilmigstir. Tahmin edilen
ve gercekte Olciilen giysi durusu memnuniyeti arasinda c¢ok yiiksek korelasyon
bulunmustur (r(32)= .83, p< 0.01). Ayrica tahmin edilen ve gercekte Slgiilen giysi
durusu memnuniyeti arasinda eslestirilmis t-testi (paired t-test) yapilmis ve iki grubun
aritmetik ortalamalar1 arasinda istatistiksel olarak bir fark gozlenmemistir (t(1, 31)=
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1.86, d=.23, p= 0.07). Olgiilen aritmetik ortalama farkinin (d= .23) diisiik olmas1 da
modelin tahmin etme basarisinin yliksek oldugunu gostermektedir.

Ayrica, deneklerin sanal giysi durusu memnuniyetlerinin gercek giysi durusu
memnuniyetlerinden istatistiksel olarak daha diisiik oldugu goriilmiistiir (t(1, 180)=
2.69, p< 0.01, d= .21 ). Olduke¢a dokiimlii (biikiilme direnci 0.5-3 mikroNm civari)
veya oldukca sert (biikiilme direnci 7 mikroNm {izerinde) olan kumaglardan
olusturulan sanal ve gercek eteklerin giysi durusu degerlendirmesi arasinda
istatistiksel olarak fark gozlenirken, orta derecede dokiimlii kumaslarda (3-7
mikroNm) fark gézlenmemistir. Bu arastirmada kullanilan kumaglara gore, 3 boyutlu
giydirme programinin 3-7 mikroNm araliginda biikiilme direnci gosteren kumasg
benzetimlerinde basarili oldugu, ancak diger kumaslarda yeterince basarili olamadigi
gozlenmigtir. Ayrica gergek eteklerin giysi durusu degerlendirmeleri, kumas
farkliliklarindan otiirti, birbirlerinden farkli iken ayni eteklerin sanal giysi durusu
degerlendirmelerinin farkli olmadigi sonucu istatistiksel olarak tespit edilmistir. Bu da
giydirme programlarinin kumas Ozelliklerini yansitmakta heniiz yeterince basarili
olmadig1 sonucunu beraberinde getirir. Bir diger tespit de deneklerin kendi viicutlarini
iic boyutlu ortamda gordiikleri zaman o&zellikle bel, kalga ve basen bolgeleri
memnuniyetlerinin anlamli bir oranda azaldig1 tespit edilmistir.

Sonug olarak, bu aragtirma literatiirden farkli olarak giysi durusunu degil daha
siibjektif bir kavram olan giysi durusu memnuniyetini sanal ve ger¢ek ortamlarda
tiiketici perspektifini esas alarak dlgmiistiir. U¢ boyutlu tarayicilarin daha ulagilabilir
olmasi sebebiyle dnlimiizdeki yillarda internet aligveriglerinde kullanimi ¢ok olasi olan
sanal giyinme ve tiliketicinin sanal giysi memnuniyetine etki eden faktorler arastirilmig
ve etkileri Olciilmiistiir. Sanal giyinme teknolojisinin nihai hedefi gercek hayatta
kisilerin giysi durusundan memnun olmasini saglamaktir. Bu amagla sanal giysi
durusu memnuniyeti ve diger i¢sel faktorler kullanilarak, kisilerin giysi durusunu
basariyla tahmin edebilecek bir istatistiksel model gelistirilmistir.

Bu ¢aligmanin, tiiketicilerin gercek hayattaki giysi durusu memnuniyetlerini tahmin
edebilecek bir model gelistirmesi agisindan hem tiiketiciye hem de giyim sektdriine
fayda saglayabilecegi diisiiniilmektedir. Ornegin bir giyim firmasi, bu ¢alismadaki
metotlar1 kullanarak, misterisinin giysi durusundan memnuniyetini sanal giydirme
teknolojileriyle internet araciligiyla Olctiigii takdirde, giysinin kumas Ozelliklerini
kullanarak, kisinin kiyafeti gercekten denediginde ne kadar memnun olabilecegini
tahmin edebilir. Bu sayede internet {izerinden satin almalarda geri doniis oranlarini
minimize edip, maliyetlerini ciddi oranda azaltabilir. Bu ¢alisma ile giyim ve tekstil
iiriinlerinin internet lizerinden aligveriglerinde en yaygin iirlin iadesi sebebi olan giysi
durusunun optimize edilmesi hedeflenmis, deneylerle olusturulan senaryoda bu hedef
gerceklestirilmistir.
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1. INTRODUCTION

After the debut of internet, retailing strategies of companies had started to shift to
electronic commerce (e-commerce). U.S. Department of Commerce (www.doc.gov)
reported e-commerce sales in U.S. in 2016 as $391 billion. The largest product
category of e-commerce sales was computer and consumer electronics ($76 billion)
and it was followed by apparel and accessories category ($60 billion) (Miller &
Washington, 2017). Online shopping was found convenient by consumers because it
sweeps away the necessity to go to a physical store to buy a certain product. However,
high return rates are one of the biggest limitations of online shopping. A research done
by Internet Retailer in 2013, reviewed the return rates of top merchants’ online
activities and found that the highest return rates belonged to apparel industry with a
statistics of 20-30 percent of the products being returned (Briggs, 2013). Another
study revealed that return costs of apparel sector reached up to $ 1.4 billion by 2016
(Rivero & Zhu, 2016).

Poor garment fit is one of the main reasons of the product returns (Kim, 2008), and
majority of consumers hesitate to buy garments online due to their fit concerns ( Kim,
2008). Various technologies such as 3D body scanning and virtual try-on have been
offered over years to reduce return rates by increasing consumers’garment fit
satisfaction (Sayem, Kennon, & Clarke, 2010). Some studies show that 3D
visualization of products decreases consumers’ perceived risk during online shopping
and increases their purchase intention (Park, Lennon, & Stoel, 2005). Garment fit
satisfaction is a very complicated phenomena as it depends on internal and external
factors. External factors are shaped by apparel industry and society while internal
factors are self-centric and depend on one’s self (LaBat & DeLong, 1990). Virtual
garment fit is relatively a new notion that emerged after introduction of 3D fit
technologies. Virtual garment fit can be described as the fitness of the virtual cloth on
a virtual body. Virtual body can be either a direct avatar (virtual model) created by
using a 3D body scanner; a parametric body model obtained by manually inserting

body measurements of the model to the simulation software; or a statistical body model



created by learning from a scan database (Istook, 2011), (Pishchulin, Wuhrer, Helten,
Theobalt, & Schiele, 2017). Currently, there are some commercial software to display
garment fit virtually (Sayem et al., 2010), and some apparel companies (e.g. Target,
Koh!’s and JCPenney) already use these software for their product development (Lee
& Park, 2017). Aside their product development attribute, these software offer
solutions for various end-users such as online apparel retailers and online shoppers (
Kim & LaBat, 2013b). Loker and her colleagues’ scenario (2008) describes how these
technologies could be beneficial for consumers and clothing companies. In their
scenario, they encourage readers to imagine that they possess a smart card with their
3D body scan file in it, and they can just plug the smart card into the computer and go
online, select the style they want to virtually try-on, and finally view the virtual
garment on their own virtual body model (Loker, Ashdown, & Carnrite, 2008). In this
dissertation study, this scenario was actualized in order to see how a virtual garment
fit would actually be assessed by consumers. The objectives of this study were
developed by reviewing the literature, considering customer demands and trajectory
of the apparel industry. One of the main objectives was to understand factors that affect
virtual garment fit satisfaction of consumers and compare it with their real garment fit
satisfaction. This first objective brought an important question along with it: Why
should we investigate consumers’ virtual fit satisfaction mechanism? The fundamental
purpose of this thesis emanates as an answer to this question. It is important to
understand consumers’ virtual fit satisfactions to have a prediction about their actual
garment fit satisfactions. Thus, the other objective was to predict consumers’ real

garment fit satisfactions.

1.1 Purpose of the Thesis

The fundamental purpose of this dissertation is:

1) To predict consumers’ real garment fit satisfactions by employing a statistical

model.

Consumers’ garment fit satisfaction is a long discussed and studied phenomena.
However, consumers’ virtual garment fit satisfaction is relatively new. Therefore, the

other study objectives are:

2) To explore factors affecting consumers’ virtual garment fit satisfactions,



3) To compare consumers’ virtual garment fit satisfactions and real garment fit

satisfactions.

As mentioned in introduction part, fabric simulation is very challenging, and it is one
of the biggest concerns of simulation software users and providers. During an online
shopping, consumers are not able to touch or feel the fabric, so they cannot sense the

fit differences that stem from the fabric itself. Hence, the other objective is:

4) To wunderstand how different fabrics, affect consumers’ garment fit

satisfactions in real and virtual environment.

1.2 Significance of the Thesis

Real and virtual fit comparison of garments have been explored and reported in
journals, conferences as well as thesis studies (Lim, 2009), (Jevsnik, Pilar,
Stjepanovic, & Rudolf, 2012), (Kim & LaBat, 2013a), (Song & Ashdown, 2015).
However, they are often either objective comparisons, or subjective comparisons of
experts or study participants who view virtual garments on someone else's virtual body
model, but not on their own. On the other hand, most of these studies compare real fit
and virtual fit. However, consumers’ garment fit satisfaction is a more complex and
subjective term than the garment fit itself as consumers and their individualities are

involved to the evaluation process.

Another significant, yet undiscovered, aspect of virtual try-on technology is its
correlation with fabric properties. It is expected that fabrics drape well and fit
realistically on consumers’ virtual bodies during virtual try-on. 3D garment simulation
software enable users to create virtual fabrics by inserting their actual fabric properties.
But it is still a question how consumers perceive virtual fit of the garments created by
using different fabric properties. Is virtual try-on technology adequate to display the
fit differences of garments made from different fabrics? How does consumers fit
satisfaction vary for different fabrics during virtual try-on? Virtual garment fit is
relatively a new phenomenon and yet there aren’t many systematic researches to

analyze fabric properties and their influences on virtual garment fit satisfaction.

As explained in the introduction part, virtual try-on is expected to be used for online
shopping in the next few years. According to this anticipation, understanding virtual

garment fit and its components will become more important for clothing companies.



Hopefully, academia and clothing industry will benefit from the outcomes of this study
by having an insight of the factors affecting consumers’ virtual fit satisfactions. On the
other hand, in this study, a statistical model is offered to predict consumers’ real fit
satisfactions by using their virtual fit satisfactions and some other variables. Since the
product returns after online shopping are mostly due to poor garment fit, a close
prediction of consumers’ real fit satisfactions can be very critical to reduce return rates,

increase online sales and finally elevate profits.

1.3 Theoretical Background

Textile and apparel industry have been using computer technology for many years (Hu,
2011). However, 3D technology applications are relatively new. 3D technologies draw
textile and apparel researchers’ attention during the last decade because, efficient
utilization of this technology is expected to speed up the production and reduce the

manufacturing costs (Hu, 2011).

3D technologies influence clothing industry by transforming the product development
stage and introducing new practices such as virtual try-on (Lee & Park, 2017). Product
development is strategic, creative, technical, production and distribution planning of
the goods with respect to the delivery time (Keiser & Garner, 2012). Fashion industry
is being challenged by the shortened fashion cycles and rapidly changing consumer
demands. Thus, optimizing product development is crucial to reduce costs and
diminish production spans. 3D technologies emerge as an optimization tool by
minimizing the number of samples required before production. It was predicted in
1998 that, 3D technologies would reduce the number of samples required before
production and eventually cut down the production time and costs (Hardaker &
Fozzard, 1998). This prediction was actualized to a certain extent in the last twenty
years (Song & Ashdown, 2015). However, this progression has been relatively slow
for apparel industry due to challenges in fabric simulation (Papahristou & Bilalis,

2017).

E-retailing has been another platform where 3D technologies are expected to boost
online apparel sales by reducing number of returns (Kim, 2008). ASOS, the biggest e-
retailer in UK, reported that adapting virtual try-on technologies to their online store
reduced the return rates by fifty percent (Dunn, 2015). Currently, there are a few

commercial 3D technology providers and start-ups trying to minimize fit and size



related issues of online shopping (Gill, 2015). However, prevalence of 3D
technologies for online shopping is not very high yet, and by 2018 there aren’t many
apparel retailers that offer 3D technologies to their customers to overcome the fit

related issues during online shopping (Brook, 2015).

3D body scanners have been thought as an auxiliary tool for online shopping to
improve garment fit since the early days of online apparel shopping ( Ashdown, Loker,
Schoenfelder, & Lyman-clarke, 2004), (D’Apuzzo, 2007). In the last ten years,
scanned body images were integrated with CAD systems to create virtual simulations.
Nowadays, many fashion companies use 3D garment simulation software such as
Modaris (by Lectra), O/Dev (by Optitex), V-stitcher (by Browzwear), Vidya (by
Assyst), Clo 3D and Marvelous Designer, and using 3D body scanners to develop
their products (Gill, 2015). Even though fashion companies are familiar with garment
simulation, fashion consumers are still not familiar with this technology. It is still not
clear how consumers would adapt to virtual try-on technology. By 2018, the essential
issues that needs to be answered for consumers to accept this new technology are

summarized as:

1) To understand consumers’ garment fit perceptions in virtual and real settings

and minimize the discrepancy of these two mediums,

2) To understand consumers’ psychology and shopping attitudes when imposed

to their body image in virtual environment,
3) To implement tactile features of different fabrics to virtual environment.

This dissertation study purposes to embrace a large scope by investigating the issues
stated above. Accordingly, literature review was designed according to the key

concepts related to these issues.
1.3.1 Garment fit

1.3.1.1 Definition

Garment fit is a very complicated notion because fabrics which are 2D materials in
nature are compelled to drape over a 3D human body form during fitting (Bona, 1994).
It is defined as the relationship between garment dimensions and body dimensions
(Daanen & Reffektrath, 2007), and it evolves with time, hinges on fashion culture and

subjective perception of fit (Yu, 2004). A cloth should conform to the body surface



while having enough space for movement though being wrinkle free and look neutral
to give the sensation that it is a part of the wearer (Chambers & Moulton, 1961).
According to Frost (1988), fit accommodates visual, physical and functional
evaluation of a cloth (Frost, 1988). Hazen (1998) says that a good fitting garment
should be manipulative by showing wearer’s body to be more symmetrical and
proportional than it actually is (Hazen, 1998). Ashdown and Locker’s definition is a
combination of Frost’s and Erwin’s definition, and it states that a well-fitting garment
should be wrinkle-free while having some design ease and functional ease (Ashdown
& Loker, 2010). When dressed up, consumers are probably not aware of these garment
fit definitions. However, some cloths still looks good and feels right to them. As the
words imply, visual evaluation of a cloth is usually described with look, whereas the
interaction with the body is described with the word feel (Frost, 1988). Appearance of
a cloth, being associated with the look, can be either assessed by the wearer herself or
by an external spectator. However, feel can be only assessed by the wearer (Frost,
1988). In other words, an external spectator judges the fit of a cloth only by looking at
its appearance on the wearer, while the wearer includes her feelings. This distinction

introduces two different fit evaluation approaches (Shin, 2013):
1) Fit according to the wearer,
2) Fit according to the observer,

During product development, observers (often designers or fit technicians) plays a key
role for garment fit, whereas the key role belongs to the weaver when purchasing the
garment. In literature, garment fit from consumer perspective has been explored way
less than the observer perspective (Pisut & Connell, 2007), (Gill, 2015), (Shin, 2013).
Eventhough online apparel shopping has gradually expanded over the last five years,
there aren’t enough studies to explore virtual garment fit from consumer perspective
(Kim & LaBat, 2013b). Thus, a need to study virtual garment fit from consumer

perspective still exists.

Majority of female consumers decide whether a garment fits well by monitoring if the
garment allows them to move freely and drape smoothly on their bodies (Howarton &
Lee, 2010). Technical evaluations like seam and grain line orientation are less
important for consumers (Howarton & Lee, 2010). The definition of good and bad

fitting garments varies for consumers as well. According to some consumers, a bad



fitting garment makes them look thicker while a good fitting garment shows them
slimmer. On the other hand, for some consumers, a gratifying length and tightness of

the garment determine its fit quality (Shin, 2013).

Shin (2013) studied consumers’ garment fit perception and identified five prominent
themes: aesthetic fit, physical fit, functional fit, social context and social comfort (
Shin, 2013), (Shin & Damhorst, 2018). Physical fit is associated with tightness and
length of the garment while functional fit is more related to its comfort features.
Aesthetic fit 1s described as overall appearance of the garment on the wearer’s body
and it is associated with attractiveness and fashion trends (Shin, 2013). Some
consumers include social context to their fit perceptions by saying that the cloth should
be appropriate for the occasion. Consequently, according to these consumers,
appropriateness/misappropriateness ~ of the cloth generates a social comfort/
discomfort (Shin, 2013). The conceptual model of consumers’ fit perception identified

in Shin’s study (2018) is given in Figure 1.1.

Social

context Functional
fit

Social
- comfort

Physical Aesthetic
fit - fit

Figure 1.1 : Conceptual model of consumers’ fit perception ( Shin & Dambhorst,
2018).

1.3.1.2 Evaluation of garment fit

Fit evaluation can be classified according to the testing protocol where the test subject
can be either in dynamic state, quasi-static state or static state (Zakaria & Gupta,
2014). During dynamic fit evaluation test, subjects are asked to conduct several tasks
and perform any forms of motion while static evaluation requires the subjects to stand

still at a specific position (Zakaria & Gupta, 2014).

The garment fit evaluation can be also classified according to the nature of the
evaluation method such as objective or subjective evaluation (Yu, 2004). Objective

fit evaluation requires a deep technical knowledge and a set of equipment to measure



the fit quantitatively. Hence, it is widely used for academic purposes, whereas
subjective fit evaluation is steadily established by apparel manufacturers, fashion

brands and finally by the consumers (Fan, Hunter, and Yu , 2004)

Objective fit evaluation

Numerous instrumental analysis methods have been offered over years to objectively
measure garment fit (Yu, 2004). Objective fit evaluation methods may be classified
as: Moiré optics, waveforms, pressure mechanics, computer fit modelling and
algebraic evaluations (Yu, 2004). Moirée optics is a non-contact system that is used to
measure the contours of a cloth (Meadows, Johnson, & Allen, 1970). In this system, a
light source and a moving frame with grid plates are used in order to create moiré
fringes on the person that is wearing the cloth. The contours of the cloth is extracted
according to the moir¢ fringes map by calculating the depth of the fringes on certain
body locations (Yu, Yeung, & Lam, 1998). Algebraic evaluation is essentially the
distances, areas and volumes between the cloth and the body. In other terms it is the
mathematical calculation of the total ease allowance (Ng, Chan, Pong, & Au, 1996).
Waveforms are similar to algebraic evaluation in principle. Waveforms are derived
from the cross-sectional distances between the body and the cloth in certain areas such
as bust, waist line and hips. These distances are measured with alternative techniques
in literature such as digitizing by Vectron measuring apparatus, acoustic theory or

symmetrized dot patterns (Taya, Shibuya, & Nakajima, 1995).

The methods stated above are non-contact methods to measure the garment fit. In
2002, a new method was introduced by Yu et.al. (2001) which is an in-contact
measuring system (Yu, Fan, Qian, & Tao, 2001). In their research, Yu et. al. (2001)
manufactured a soft mannequin from flexible polyurethane and soft rubber to
substitute the soft form of lower body. They suggested that the cloth pressure on an
actual body can be predicted by using linear equations derived from the measured
pressure on this soft mannequin. This technique was later adopted by scholars that
explore compression garments especially (Yu, Fan, Qian, & Tao, 2004), (Wang et

al., 2011).

In 2004, Ashdown and her colleagues used 3D body scanners to analyze the fit of a
garment (Ashdown et al., 2004). In their study, they 3D scanned subjects with a pair
of pants and assessed the garment fit by looking at their 3D scans (Ashdown et al.,

2004). In that study, the measurement was done objectively but the fit evaluation was



done subjectively. Later, in 2008, Petrova and Ashdown (2008) carried on the work,
and this time they objectively measured the ease allowance of pants from the 3D scans
(Petrova & Ashdown, 2008). Scholars often benefited 3D body scanners to measure
ease allowances, develop customized garment patterns and evaluate garment fit (Xu,
J., Zhang, 2008), (Song & Ashdown, 2010), (Bye & McKinney, 2010), (Lu, Song, &
Li, 2013), (Gu, Xu, Su, & Liu, 2015).

Subjective fit evaluation

Objective fit evaluation is considered to be a quantitative assessment while subjective
evaluation is qualitative (Yu, 2004). Gersak (2002) stated that the garment fit is
qualitatively assessed according to aesthetic appearance of a garment drape and the

visual form of its 3D shape (Gersak, 2002).

Apparel manufacturers and brands use often live models or dress forms to evaluate
garment fit subjectively (Bye & LaBat, 2005). Fit evaluations with live models are
more reliable than the dress forms since actual human bodies involve to assessment
(Song & Ashdown, 2010). Whether the dress is displayed on a dress form or a live
model, the subject rating scales are often engaged to evaluate the garment fit (Yu,

2004).
Subjective fit evaluation scales

Users associate garment fit often with its tightness and length (Shin, 2013). Parallel
with this statement, developed garment fit evaluation scales were often designed to
assess tightness and length of a garment. To best of our knowledge, the oldest garment
fit evaluation scale in literature dates back to a master thesis published in 1973
(Vanderpoorten, 1973). In this thesis, Vanderpoorten (1973) developed a garment fit
rating scale, as she named it back then, for a dress. In this scale, the dress was viewed
from side, back and front, and evaluators were asked to rate certain elements of the
dress (e.g. front length of bodice part, bust tightness, sleeve length) on a three points
scale (good, fair or poor) (Vanderpoorten, 1973). Later, Lesco (1982) developed a fit
evaluation scale for a bodice. In that study, subjects evaluated tightness/looseness and
shortness/lengthiness of various parts of the bodice (i.e. neck, front, back and sleeves).
Additionally, scale included questions about the sizes and angles of the darts, drop of

the neckline, and seam lengths and positions (Lesko, 1982).



Fit evaluation scales alter according to the garment type and the style. Therefore, it is
not possible to find an all-inclusive fit evaluation scale in literature. The majority of
the garment fit evaluation scales were designed for performance garments since fit is
assumed to be critical especially for this type of garments. Most of these performance
based scales evaluate dynamic fit where participants are asked to do specific tasks with
respect to the design purposes of the garments (Tan, Crown, & Capjack, 1998), (Huck,
Maganga, & Kim, 2006), (Gordon, Lastovich, Bye, & LaBat, 2014).

1.3.2 Consumers’ garment fit satisfaction and its components

Garment fit is defined as the relationship between garment dimensions and body
dimensions (Daanen & Reffektrath, 2007), whereas garment fit satisfaction
corresponds to consumers’ evaluation of a particular garment on their particular body
parts such as waist, hips etc. (LaBat & DeLong, 1990), (Shin & Damhorst, 2018). Fit
satisfaction and fit preferences are highly correlated notions as consumers make free
choices (preferences) to maximize their satisfactions (Shim & Bickle, 1993).
Consumer satisfaction is defined as the evaluation of the outcomes occurred after using
a product or a service, and if the outcomes meet the expectations or standards of the
consumer, product/service is assumed to be satisfactory (Conant, Brown, & Mokwa,
1985). On the other hand, consumer dissatisfaction occurs when the outcomes are
negative and the expectations of the consumer are not met (Engel, Blackwell, &

Miniard, 1990).

It should be noted that garment fit satisfaction is not identical to clothing satisfaction.
Clothing evaluation has three dimensions according to Francis and Dickey (1984),
namely: expressive satisfaction, instrumental satisfaction and market satisfaction
(Francis & Dickey, 1984). Style and color represent expressive meaning, while fit and
size are instrumental, and finally price is a marketing attribute (Francis & Dickey,
1984). According to this definition, fit satisfaction embraces instrumental satisfaction

level of individuals, and it shouldn’t be confused with clothing satisfaction.

In 1990’s, numerous scholars studied the factors that affect fit preferences of
individuals (LaBat & DeLong, 1990), (Hwang, 1996), (Anderson et al., 1999). As
mentioned in the introduction part, LaBat and DeLong’s study is a keystone to
systematically analyze the fit preferences of individuals (LaBat & DeLong, 1990). In
their study, LaBat and DeLong (1990) questioned the factors affecting the fit
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satisfaction/dissatisfaction of consumers in all aspects. According to their model in
Figure 1.2, consumers’ satisfaction/dissatisfaction of a garment fit is influenced by
external and internal factors. Internal factors mainly depend on the consumer herself

while external factors depend on time and society (LaBat & DeLong, 1990) .

Consumer perceived satisfaction of garment fit

Internal Factors External Factors

Body Satisfaction Ideal body image in society and in
fashion industry

Physical dimensions

Figure 1.2 : Factors affecting consumers’ garments fit satisfactions (LaBat &
DeLong, 1990).

1.3.2.1 External factors

The impact of physical dimensions of a cloth on consumers’ fit satisfaction has been
the main research area of the scholars before 1990s. However, as mentioned by Shim
and Bickle (1994), looking into only physical features of a product may hinder
psychological effects and motives behind consumer behavior ( Shim & Bickle, 1994).
After 1990s, the connections between consumers’ fit satisfaction and notions like body

image, ideal beauty and fashion figure started to be stressed.

According to Solomon (1983), products may have a symbolic meaning and these
meanings may stimulate the society, and eventually this interaction may affect the
product satisfaction (Solomon, 1983). In other words, for clothing aspect, the

interaction of society and the wearer may have an impact on garment fit satisfaction.
Ideal body image

It is important to understand ideal body image because it has an impact on garment fit
satisfaction (LaBat & DeLong, 1990). As LaBat and DeLong suggested, when a
fashionable garment do not fit, the consumer may accuse her own body which causes

negative feelings about herself ( LaBat & DeLong, 1990).
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Ideal beauty perception had transformed over three thousand years and had distinct
meanings for different societies (Yang, Celestino, & Koeppel, 2015). Beauty
perception changes parallel with the advances in societies. For instance, emanation of
social protests and feminism in 60s brought androgynous look as the beauty norm of
the day (Romm, 1987). On the other hand, scholars agree that each society generates
an ideal body figure itself (LaBat & DeLong, 1990). For instance, a study done in 2002
showed that Caucasians favor a thinner body while African American has less

tendency to do so (Gluck & Geliebter, 2002).

The differentiation of ideal beauty between societies diminished due to the impact of
social media (Ridolfi, Myers, Crowther, & Ciesla, 2011). Celebrities have millions of
followers from all over the world and they are influential for them. Social media or in
general mass media now impose how the perfect body should look like (Pritchard &
Cramblitt, 2014). On the other hand, people who are entitled by media to have ideal
bodies that do not represent the majority of the public (Bell, 2016).

There are many studies in the literature that demonstrate positive association between
body dissatisfaction and fashion media exposure (Grabe, Ward, & Hyde, 2008),
(Hawkins, Richards, Granley, & Stein, 2004), (Swiatkowski, 2016). Nowadays,
millions of people follow the fashion models and take them as role models. For
example in 2017, only in US, almost 24 million people watched Victoria Secret

(intimate wear company) fashion shows (Statista, 2017b).

Ready to wear (RTW) companies, probably the biggest influencer of the fashion
industry, also play an important role for the perception of ideal body by the sizing
standards they develop and the advertisements they use (Kinley, 2010). McVey’s
(1984) study is an early example to show how apparel brands influence consumers’
perceptions (McVey, 1984). This study suggests that consumers tend to blame
themselves when they encounter a poor-fitting but expensive and fashionable garment,
and eventually they start to believe that they are not good enough (McVey, 1984). For
RTW companies, fit models represent the average costumer and base size is shaped
according to the fit models, and bigger/smaller sizes are graded according to the base
size (Bougourd, 2007). As a consequence, the sizing system developed according to

a fit model brings an issue that it only fits a specific body type.
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It should be noted that there is a positive movement at the moment to endorse diversity
of body figure and appearance. Two luxury fashion houses (LVMH and Kering)
announced in September 2017 that they won’t hire any super-skinny models for their
fashion shows and adds (Samuel, 2017). Pirelli calendar, which is well-known for
being publicized every year with nearly nude pictures of the famous and beautiful
women, debuted with a new issue in 2016. The pictures in 2016 calendar were not
supermodels but successful women with diversified professions, and they weren’t
actually representing the ideal beauty perception of today (Rodulfo, 2015). Serena
Williams (professional tennis player), an African American with a muscular body,
being the cover of Vogue America (April 2015) is another example of this movement

to alter ideal body perception of societies (Joseph, 2016).

Eventhough there is a positive movement, ideal beauty perception remains as a
constant problem for societies. Hwang’s study (1996) confirms that women between
18-25 are dissatisfied with their bodies and pursuit of the ideal body has a significant
effect on this dissatisfaction (Hwang, 1996). Internalization of the standards imposed
by the society is one of the main reason for body dissatisfaction (Johnson, Lennon, &
Rudd, 2014). The foundation of this dissatisfaction is explained mostly by social
comparison theory (SCT). According to SCT, people have a propensity to compare
themselves to others to endeavor “the ideal” or “the normal” (Festinger, 1954). As
explained so far, the comparison with the ideal body may cause a dissatisfaction about
one’s self and this dissatisfaction may consequently decrease the garment fit

satisfaction of the person.

1.3.2.2 Internal factors
Body satisfaction

Body satisfaction notion has been used interchangeable with body cathexis in the
literature. Body cathexis notion was first used by Jourard and Secord and defined as
the satisfaction or dissatisfaction of one’s own body (Secord & Jourard, 1953). After
Secord and Jourard’s study (1953), scholars started to focus on factors affecting the
body satisfaction levels of individuals. A study done in 1976 suggested that face
accounts most for the general appearance satisfaction and it is followed by the weight
(Mahoney & Finch, 1976). However, a following study found that weight was the

essential antecedent for general appearance satisfaction (Garner, 1997).
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Kaiser (1990) mentioned that self-feelings may influence the clothing preferences and
attitudes of the consumers (Kaiser, 1990). Fit preferences of two women with same
height, weight and body measurements may be different (Alexander, Connell, &
Presley, 2005). Later, LaBat (1987) associated these self-feelings with body
satisfaction and linked it to the garment fit satisfaction for the first time (LaBat, 1987).
In her studies she showed that, women are less satisfied with their lower body parts
and, consequently, they have the highest dissatisfaction with the garment fit at thigh,
hips and buttocks ( LaBat, 1987), ( LaBat & DeLong, 1990).

After 1990s, numerous researchers focused on the body satisfaction/dissatisfaction
correlation to garment fit satisfaction, clothing preferences and body shape (Shim,
Kotsiopulos, & Knoll, 1991), (Hwang, 1996) (Alexander et al., 2005), (Pisut &
Connell, 2007), (Manuel, Connell, & Presley, 2010). Hwang’s dissertation (1996)
elaborately investigated the association of body satisfaction with clothing benefits
sought and clothing behavior (Hwang, 1996). This study found that women that are
satisfied with their weight and lower body parts tend to be more satisfied with garment
fit at thigh and hips areas (Hwang, 1996). Kim and Dambhorst (2010) proved that
women with higher body dissatisfaction is more likely to have concerns with garment
fit during an online shopping ( Kim & Damhorst, 2010). Shim et. al.’s (1991) study
distincts from others as it explored the correlation between body satisfaction and
clothing attitude, and shopping behavior of male consumers and it still confirmed a
positive correlation between body satisfaction and clothing attitude of men (Shim et

al., 1991).

Alexander et. al. (2005) studied the correlation between clothing fit preferences of
women between 18 to 30 years old and their garment fit satisfactions. She found that
female participants with a higher body satisfaction at certain body parts were more
confident to wear garments which reveal those parts of their bodies (Alexander et al.,
2005). Since fitted garments reveal the body features, studies confirm that women
with higher body satisfaction appreciate tight clothes more than the women with lower

body satisfaction (Pisut & Connell, 2007).

Since studies showed that women have different satisfaction levels for different body
parts, researchers questioned if body satisfaction level significantly varies also for
different body shapes. According Manuel et.al. (2010) study, women with a

rectangular body shape were more satisfied with their lower and upper body than the
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women with a pear- shaped body (Manuel et al., 2010). Another study reports that
body satisfaction level of women with inverted triangular and hourglass body shapes

were significantly higher than those with rectangular and pear shaped bodies (Pisut &

Connell, 2007).
Physical dimensions

Physical fit (dimensional fit) notion emanates from the dimensional relation between
the cloth and the wearer (Yu, 2004). Tightness, length and size of the cloth are the
three most common words used by the consumers to describe the physical fit (Shin,
2013). Tightness of a garment is closely related to garment ease. As mentioned earlier,
garment ease can either depend on the design or the necessary space for the wearer to
function easily. Design ease is more subjective as one consumer may prefer a loose fit
design while another one prefers a skinny fit design (Presley, Connell and Alexander,
2005). Studies prove that the clothing preferences are related to body measurements
and body shape of the subject as well as her fashion taste (Apeagyei, 2008), (Pisut &
Connell, 2007). However, the garment ease needed for the wearer to function
comfortably (functional ease) is more objective. Functional ease is highly correlated
to fabric properties and these fabric properties determine the physical fit of a garment
(Yu, 2004). Two garments with same measurements and same style may look and
function differently if their fabrics are different. In other words, garment fit is also a

function of fabrics’ mechanical and drape properties (Thi, Ngoc, & Anh, 2010).

1.3.3 Online apparel shopping and approaches to minimize garment fit issues

during online shopping

Clothing online sales were always behind electronics, hardware and office supplies
until 2014 (Russell, 2017). However, apparel industry started to transform lately. For
instance, regardless of the product category, global online retail value is estimated to
be almost $3000 billion by 2018 (Garcia, 2018), and surprisingly more than 10
percent of it is expected to account for clothing and apparel category (Orendorft,
2018). Eventhough apparel online shopping numbers are increasing, studies show that
consumers still prefer in-store shopping over online shopping when clothing and
footwear is considered (PwC, 2017). For instance, H&M, one of the biggest apparel

retailers in the world, reported that their online sales’ value was $3.7 billion in 2017

15



which is only 12.5 percent of their total sales for that year (Business Insider Nordic,

2018).

One of the biggest obstacles of online apparel shopping, and probably the biggest
reason why in-store shopping is still greater than online shopping, is that; in retail
shopping, information gathering and desire for the product is strongly connected to
touching the product (Peck & Childers, 2003). However, as mentioned by Rodrigues
et.al. (2017), this feature is missing for online shopping (Rodrigues, Silva, & Duarte,
2017).

For online sales, fashion brands often prefer to display their products as a picture which
consists of a fashion model wearing the product. This state brings an issue together:
consumers consistently struggle during online shopping because they cannot see
bodies similar to their own. On the other hand, this situation may cause a discrepancy
on consumer perception of her own body and the ideal body offered by the retailer

(Kim & Damhorst, 2010), (Shin & Baytar, 2013).

Return rates of apparel online shopping is an indicator that consumers are not very
satisfied with the product information they gather during online shopping. Online
shopping return rates of apparel products are five times more than actual store returns
(Winkler, 2017). According to industrial and academic researches garment fit is one
of the biggest reason of apparel returns (Kim, 2008)- (Shin, 2013), (Rivero & Zhu,
2016), (Ratcliff, 2014), (Winkler, 2017).

1.3.3.1 Improving sizing systems

Unfortunately, the sizing of clothing is quite complicated, especially for the
consumers. The main reason of this complication is that sizing labels vary for
countries, genders, companies and product groups (Chun, 2007). In addition to
complicacy of labeling systems, consumers are also confused as they fit into different
sizes of different brands due to vanity sizing. Size specifications of an apparel brand
are determined according to the demographics of the target customers. After selecting
a fit model that reflects the average measurements of target customers, the
smaller/bigger sizes are graded according to brand’s target costumers’ measurements
(Chun, 2007). As a result of this process, consumers encounter clothes from different
brands that has the same size label but different measurements (Ashdown, 2007). To

minimize this confusion, size standardization is offered by multiple standards
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organizations such as ASTM in US. Establishing a reliable size standardization
requires a large-scale and long-term anthropometric study. ASTM 5585-11 (Standard
Tables of Body Measurements for Adult Female Misses Figure Type, Size Range 00—
20) was first developed in 1994 based on O’Brien and Shelton’s study (O’Brein &
Shelton, 1941) and the earlier sizing system which dates back to 1950s (U.S.

Department of Commerce, 1958).

Following the technological innovations, especially the 3D body scanning technology,
size standardizations were updated with more recent anthropometric data (Robinette,
Daanen, & Paquet, 1999). At the beginning of 2000s, some leading apparel brands
sponsored a project named SizeUSA. Over ten thousands subjects from twelve
different cities in US were scanned by 3D body scanners (The Textile Clothing
Technology Corporation, 2003). These large-scale body scanning projects provided a
deeper understanding of the average anthropometry of the society. After national
studies such as SizeUSA, SizeFrance, SizeMexico, some companies adjusted their size

specifications according to the outcomes of these studies (Zernike, 2004).

Recently, human body has been subjected to alterations due to changing ideal beauty
perception and eating habits (Bozsik & Bennett, 2018). Human Solutions Company
is working on Size North America, to obtain most recent body measurements of
Americans and scan eighteen thousand men, women and children (Human Solutions,

2018).

1.3.3.2 Online size and fit recommendation

A couple of years ago, apparel brands were only providing their size charts as a guide
in their web sites. However, some costumers didn’t know their body measurements
precisely or wasn’t sure how to measure their bodies. Nowadays, some apparel brands
are offering alternative solutions to their customers. These new solutions are mostly
based on 3D scan data provided from earlier large scale surveys (Gill, 2015). Some
fashion brands, for instance Mango, ASOS and Zara, are collaborating with several
online technology providers to offer the correct size to their consumers during online
shopping. These interfaces usually ask costumers to enter some of their body
measurements (mostly height, weight, bust, waist and hip girth) to offer the most

appropriate size of the product.
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After 2010, there have been many start-ups to offer solutions for online fitting issues.
The leader online technology providers were listed by Gill (2015) as Fits me, Metail,
Fit Analytics GmbH, Model My Outfit, Qvit and TrueFit (Gill, 2015). However, the
ground has been slippery and some of these start-ups closed down while some of them
changed strategy. By 2018, the leading companies offering size and fit

recommendation interfaces to the consumers are given below:
Fit Analytics GbBH

Fit Analytics is a Berlin based company established in 2010. Fit Finder is the size
recommendation interface that uses the big data provided by collaborating brands and
costumers. Fit Finder uses machine learning to analyze the data. Previous shopping
history of costumers are recorded and used for the future shopping activities. Many
fashion retailers (e.g. Mango, ASOS, North Face, Puma, Tommy Hilfiger) work with
Fit Finder to recommend proper garment size to their costumers (Fit Analytics GmbH,
2018). To be able to get a size recommendation, costumers are asked to enter their
height, weight, age and body shape. This information is saved by Fit Finder and
matching size is recommended to the costumer. Fit Finder saves data from different
retailers and collects them in a data pool. When a costumer enters her body
specifications, Fit Finder scans this pool to find similar customers and their previous
purchases with an information about their return rates. Finally, Fit Finder offers the
costumer the best size by making a deduction of these information (Fit Analytics

GmbH, 2018).
True Fit

True Fit company has named their size recommendation interface as True Fit
Confidence Engine. Similar to Fit Finder, costumers are asked to insert their height,
weight and age. However, costumers are also asked to select an apparel brand which
they think its products fit best to their body figure. True Fit collects data (size specs,
style attributes etc.) from hundreds of apparel brands worldwide and stores it through
TrueFit Genome interface. According to their web site, they have the largest connected
apparel fit and style data (True Fit, 2018) in the world. Macy’s, Levi’s, American Eagle
Outfitters, Nordstrom are some of the big brands that collaborate with True Fit to

recommend size to their costumers (True Fit, 2018).
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Rakuten Fitsme

UK/Estonian based start-up Fitsme was acquired by Rakuten (Japanese e-commerce
company) in 2015. Rakuten Fitsme offers several services for apparel sector. Fit Origin
is the size recommendation interface driven by body data and garment data similar to
the other companies explained above. Gant and Mud Jeans are some apparel brands
that utilize Fit Origin to recommend sizes to their online costumers (Rakuten Fitsme,

2018).

1.3.3.3 Online visualisation of garment fit

3D garment fit simulation technology has been often used by apparel companies during
product development. Garment manufacturers and designers have been using 3D
garment fit simulation technology to speed up product development stage and
eventually minimize their costs (Park, Kim and Sohn, 2011). Target, Kohl’s, JCPenney
are only a few of the apparel brands to use this technology for product development
(Lee & Park, 2017). Although garment fit simulation technology found a wide
acceptance among the apparel brands, its presence for online shopping has been
limited. Online visualization technologies aim to create the most accurate virtual
models of the consumers and simulate a realistic garment on them, in other words they
propose the consumer to virtually try-on the garment (Kim & LaBat, 2013b). Virtual
try-on is described as an online (web) activity where users can choose garments online
and try-on the virtual garments on the created/exported 3D models (mannequins)
(Cordier, Seo, & Magnenat-Thalmann, 2003), (Volino, Cordier, & Magnenat-
Thalmann, 2005) .

For online shopping, creating avatars of costumers is very critical and challenging.
The most realistic avatars can be obtained by 3D body scanning technology
(Magnenat-Thalmann, 2010). Other approaches to create avatars either depend on the
photographs of the body or the size charts ( Liu, Zhang, Ming, & Yuen, 2010). The
photographic approach is based on taking pictures of orthogonal views (side, front etc.)
of the body and extracting body silhouette by using image processing technique
(Wang, Wang, Chang, & Yuen, 2003). However, size chart method is more feasible
for online interfaces, thus it is often preferred by companies that offer online virtual

try-on technologies (Liu et al., 2010).
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In Gill’s review published in 2015, four companies were mentioned to offer virtual
try-on technologies online (Fitsme, Qvit, Metail and Model My Outfit), (Gill, 2015).
However, in 2018, only Metail is operating. Metail is a UK based company, and it
aims to corporate with apparel brands to extend virtual try-on experience to their
customers during online shopping. In order to virtually try-on a garment, users are
asked to enter several information about their bodies such as height, weight, bra size
and body shape, and pick a profile photo from the offered library to create their avatar.
After creating their avatar, they can scroll down in the brand’s website to pick a
garment they would like to virtually try-on. When the garment is selected, Metail
interface displays how the garment will look on the virtual model of the user. Aside
the virtual try-on, the interface also gives size recommendation and fit information

(tight/loose) of the recommended size (Metail, 2018).

1.3.4 3D garment simulation

Garment simulation, 3D garment simulation and virtual garment simulation notions
have been used interchangeably in textiles and clothing researches to define the
creation process of virtual garments or 3D garments. Garment simulation is described
as the three dimensional depiction of a cloth in virtual environment (Magnenat-

Thalmann, 2010).

Researchers have been working on garment simulations almost over three decades.
The early attempts to simulate a cloth dates back to 1987 (Terzopoulos, Platt, Barr, &
Fleischer, 1987). Garment simulation favors the computer graphics, animation and
game sectors to create virtual garments on animated characters (Volino et al., 2005).
Besides graphic designing, garment simulation has significant advantageous for

garment manufacturers, retailers and apparel consumers.

First of all, garment simulation technology is an effective tool for product
development. Traditionally, product development starts with a 2D sketch and it is
followed by prototyping until a final decision is made on the product design and the
garment fit (Keiser & Garner, 2012). The traditional method for product development
is time consuming and expensive due to multiple prototypes prepared during the
process (Bye & Labat, 2005) . Besides, most of the manufacturers are located overseas
which makes the communication and sample transaction between apparel

manufacturers and the retail companies troublesome (Magnenat-Thalmann, 2010).
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Adoption of garment simulation technology helps manufacturers and retailers to see
the garment on a computer screen before actually producing it and to make any
necessary amendments digitally (Park, Kim, & Sohn, 2011), therefore it is already
being used by some of the leading apparel retailers (Lee & Park, 2017).

Secondly, there is a growing demand for customized garments that embrace specific
needs of consumers ( Lu, Wang, Chen, & Wu, 2010). Mass customization is a
marketing approach to overcome this demand (Kotler, 1989), (Pine, 1993). For mass
customization three steps are prominent: body dimension collection, garment pattern
generation and fabric cutting (Lu et al., 2010). Garment pattern generation has long
been achieved by CAD/CAM systems (Hu, 2011). However, with the integration of
3D technologies , now it is possible to simulate garments on individual customers in

virtual environment (Lim, 2009), (Satam, Liu, & Lee, 2011).

Finally, garment simulation technology emerges as the most sophisticated technology
to boost online shopping for clothing (Bohnhoff, 2016). Garment simulation
technology can offer consumers a dressing room experience without actually going to
a store and enhance their shopping involvement during an online purchase ( Loker et

al., 2008), (Kim & LaBat, 2013b).

1.3.4.1 Modeling the cloth

Since 1980’s researchers have embraced alternative models to simulate clothes (House
& Breen, 2000), (Magnenat-Thalmann, 2010). As stated by Magnenat-Thalmann :
“The mechanical properties of fabrics account for how the fabric will react to a
deformation” (Magnenat-Thalmann, 2010). Breen et.al.’s study (1994) was a pioneer
to incorporate fabric mechanical properties to create fabric simulations. In their study,
a cloth was modelled as a collection of particles that were the intersection points of
warp and weft yarns and these intersections were subjected to mechanical forces such
as gravity, bending, trellising (shearing), stretching and collision (Breen, House, &
Wozny, 1994). Other studies followed this particle-based simulation principle and
benefitted from the mechanical and drape behavior of fabrics to create fabric
simulations (Bottino, Laurentini, & Scalabrin, 2001), (Volino & Magnenat-Thalmann,

2005).

Most of the contemporary commercial 3D garment simulation software use mass-

spring (particle-based) models to create garment simulations (Power, 2013). Users of
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these software are either asked to insert fabrics’ mechanical properties or, select a
fabric from the software library. This library has fabric alternatives with predetermined
mechanical properties. The modelling principle of the mass-spring simulation was well
presented by Jiang and peers (Jiang, Guo, Ma, & Shi, 2018). In mass-spring model,
fabric surface is thought as a mash of warp and weft yarns. The vertices of this mash
are imagined as particles that are vulnerable to the impact of the forces. According to
the model, each particle has its own coordinates, mass and velocities. In this theoretical
approach, particles are thought to connect with linear springs. Each spring is
responsible of different forces (external and internal) acting on fabric. The external
forces are gravity, air resistance and friction, and the internal forces are tension,

shearing and bending (Jiang et al., 2018). This relationship is illustrated in Figure 1.3.
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Figure 1.3 : Forces acting on particles in mass-spring model used for cloth
simulation (Jiang et al., 2018).

As summarized by Luible and Magnenat-Thalmann (2007), realistic fabric simulations
depend on two factors: accurate computational models and explicit input of fabric
mechanical properties (Luible & Magnenat-Thalmann, 2007). Hence in the following
section, fabrics’ mechanical properties and the systems to measure these properties are

summarized.

1.3.4.2 Mechanical properties of fabrics

Mechanical properties of fabrics are the measures to understand fabrics’ behaviors
under various forces. These mechanical properties are often categorized into four
groups: Compression, tensile, bending and shear properties. The forces applied on a

fabric to measure these properties are simply illustrated in Figure 1.4.

22



Force A Shear Shear
Force

l | Angle )

' }

COMPRESSION TENSILE SHEAR BENDING

Figure 1.4 : Forces applied on fabric surfaces to measure their mechanical
properties (Chan et al., 2006).

Thickness of fabric under various loads reflects its fullness and softness properties
and it is correlated with its compression properties (Wang, Liu, & Hurren, 2008).
Tensile properties of fabrics give an insight about the strength and elongation
properties of the fabrics. Elongation is the extension percentage (%) of the fabric on
its axial direction, and it is calculated by measuring the sample length increase when
it is subjected to a force. Shearingis critical for garment fit, since it contributes to the
fabrics’ conformation behavior on complex surfaces such as body counters (Skelton,
1976). Shear is often pronounced for woven fabrics because it is a result of yarn
slippage at the interlacing points of warps and wefts (Wang et al., 2008). When a
woven fabric’s two parallel edges are subjected to equal but opposite stresses, the warp
and weft yarns rotate (shear) along the fabric plane axis and yarn slippages occur at
their intersections (Skelton, 1976), (Sanad & Cassidy, 2015). Bending is described as
the flexing capability of a material, and resistance to this bending action is called
bending rigidity (or flexural rigidity). Bending rigidity is correlated to the aesthetic
and the comfort properties of the fabrics (Wang et al., 2008). Finally, the smoothness
and softness properties of fabrics are associated with the surface characteristics of the
fabrics (Moorthy & Kandhavadivu, 2015). Resistance to sliding motion when being
pulled over a surface is described as fabric’s surface friction (Sanad & Cassidy, 2015),
and it has considerable importance on subjective assessment of a cloth (Moorthy &
Kandhavadivu, 2015). Surface friction properties of a fabric can be either measured as
static friction or dynamic friction. Static frictional force is the maximum force required
to move and slide a static fabric under a load, and the dynamic frictional force is the
average force required to sustain sliding (Moorthy & Kandhavadivu, 2015). For the
wear conditions, dynamic friction is critical because fabrics do not stay still on human
body and there is a constant friction among the human body and the fabric (Moorthy

& Kandhavadivu, 2015). The friction coefficient alone may not be enough to describe
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the fabric smoothness or surface properties (Kim & Slaten, 1999), (Moorthy &
Kandhavadivu, 2015). Therefore, surface roughness is also measured often along with
the surface friction. The surface roughness is defined as the average distances between

the throughs and peaks on the fabric surface (Cassidy, 2002).

Fabric objective measuring (FOM) systems

Over years, researchers developed some instruments to objectively measure fabrics
properties. Kawabata Evaluation System (KES-FB) and Fabric Assurance by Simple
Testing (SiroFAST) are widely accepted instruments to measure fabrics’ mechanical
properties (Postle, 1999). These instruments are often used for research purposes due
to their high costs and difficult interpretation of their test reports (Kim & Slaten, 1999).
Therefore, usage and acceptance of FOM systems are small among the apparel
industry. On the other hand, some researchers also advise that hand properties of
fabrics should be evaluated subjectively since the hand assessment of fabrics is an

aesthetical preference of individuals (Brand, 1964).
