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Abstract 

Consumers purchasing apparel online are unable to “try on” products. With the 

development of 3D body scanning and 3D virtual garment simulation technologies, 

online shopping is becoming more promising. However, little research has been done on 

the fidelity and accuracy of 3D virtual dressing software to prove that it can represent a 

real person in a garment so that the virtual try-on can be used reliably for apparel fit 

assessment.  

The purpose of the research was (1) to investigate the fidelity and accuracy of a 

3D virtual garment simulation tool in assessing fit on a 3D virtual model by comparing 

the resulting fit on the 3D virtual model and on the participant real body through 

participant evaluation and (2) to evaluate the effectiveness of the tool for 3D online 

virtual clothing shopping for consumers. Ferwerda’s (2003) framework for functional 

realism in computer graphics is adapted as a framework for this study.  

A 3D virtual garment simulation software package developed by a leading US 

company was selected. Thirty-seven participants were recruited. Two questionnaires and 

an interview were used to collect quantitative and qualitative data. During the participants’ 

first visit, each participant was scanned with a VITUS/smart 3D Body Scanner produced 

by Human Solutions. Virtual models were made from the participant’s scan. During the 

second visit, the participants evaluated fit of their selected pants simulation on their 

virtual model. Then, the participants evaluated the test pants fit on their body, and they 

compared the test pants fit to the virtual pants fit. The quantitative data from the 

questionnaires were analyzed using descriptive statistics, two-way repeated measures 

ANOVA, and independent t-test. The qualitative data from the interview were analyzed 

using the content analysis technique.  

The general participant responses were that the visual information from the virtual 

model provided them with an overall idea about the pants fit. They were especially 

impressed that the visual information of overall pants silhouette in relation to their body 

shape was very accurate. Additionally, the virtual garment simulation accurately 
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represented the test pants length and the waistband position.  However, the simulation 

was not completely accurate. The major difference between the fit on the virtual model 

and the fit on the body was inaccurate material representations. The fabric simulation was 

laying smoothly on the virtual model, but many wrinkles were visible on the body. 

Additionally, the fabric texture was inaccurately represented and the simulated fabric was 

described as resembling a knit fabric.  

Technological limitations were found in accurately representing garment to body 

shape relationships. Because 3D images from a body scanner were solid and 

uncompressible images, the shape of the body scan images could not be modified in 

accordance to garment tension. Due to this limitation, in some cases, the pants size was 

inaccurately represented.  

The results led to the conclusion that the overall accuracy of the virtual simulation 

tool was moderately good but not to the extent that the participants could perform all the 

aspects of the meaningful task of the fit evaluation that were important. This indicates 

that the fidelity of the virtual simulation tool was moderate as well. The results of the 

study will help software developers in improving the 3D virtual dressing technologies 

that are accurate enough for consumers to make a satisfactory and reliable online 

purchase decision.  
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CHAPTER ONE: INTRODUCTION 

Consumers purchasing apparel online are unable to “try on” products. A 

consumer must determine his or her apparel size by interpreting information from size 

charts provided by a company and then hope for the best when ordering the product. With 

the development of 3D body scanning and 3D virtual garment simulation technologies, 

customized clothing and online shopping are becoming more efficient and promising. A 

body scanner captures the 3D image of a person in less than one minute. A consumer can 

view a realistic image of a garment on their scanned body or on an avatar that has been 

“sized” to replicate the person.  The concept is to simulate the in-store dressing room 

experience. 

Several companies have started to use virtual try-on technologies to sell garments 

online or as a tool for producing customized clothing. My Virtual Model™ is a Montreal-

based company that offers companies such as JCPenney, Levi’s, Victoria’s Secret, 

Lands’Ends, Sears, L.L. Bean, and other specialty stores a virtual 3D model that users 

can create based on their profile (Nantel, 2004). With this model, the users can view 

clothes on a body that looks like themselves. E-Tailor project has an objective of 

developing customized clothing services using virtual online shopping for the European 

Fashion Industry (Kartsounis, Magnenat-Thalmann, & Rodrian, n.d.). The virtual store 

developed by the project partner, ATC, provides 3D bodies wearing simulated garments 

that are made based on 2D garment patterns. The virtual store can also include animation 

of the dressed bodies. 

When consumers order customized products and they are not satisfied, especially 

after a long wait for delivery of the product, the results are what some researchers label 

cognitive cost and the actual premium cost (Piller, Schubert, Koch, & Möslein, 2005). To 

prevent these problems, mass customization researchers emphasize the importance of 

developing well-designed software tools that consumers can use in the product selection 

process (Dellaert & Stremersch, 2005; Franke & Piller, 2004). Previous virtual garment 

simulation research in computer graphics focused on simulating fabric drape to develop 
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techniques for accurate representation and visualization of the fabric. But cloth drape 

simulation methods alone are not sufficient for virtual try-on which needs to allow testing 

of fit, adjusting patterns, and testing appearance of the total garment (Magnenat-

Thalmann & Volino, 2005). Little research has been done on the fidelity and accuracy of 

3D virtual dressing software to prove that it can represent a real person in a garment and 

that viewers of the 3D images can use a similar fit evaluation process, so that the virtual 

try-on can be used reliably for apparel fit assessment.  

This research evaluated if the fit of a garment (in this case pants) as evaluated by 

a consumer in an online virtual simulation would be the same as the fit of the actual 

garment on their body. Ultimately the research described the fidelity and accuracy of a 

current 3D virtual dressing tool in representing the fit of pants and evaluated its 

effectiveness for 3D online virtual clothing shopping. The results of the study will greatly 

increase knowledge about the 3D virtual dressing tool and provide rich understanding of 

the tool. The resulting information will help software developers in developing and 

improving the 3D virtual dressing technologies that are accurate enough for clothing 

consumers to make a satisfactory and reliable online purchase decision.  

Ferwerda (2003) presented a conceptual framework to explain three types of 

realism that computer graphics try to achieve. The framework can be used to formulate 

criteria to achieve effective methods of representing objects with computer graphics. 

Ferwerda’s framework for functional realism was adapted as a framework for this study 

to evaluate fidelity and accuracy of a 3D virtual dressing tool. 
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CHAPTER TWO: LITERATURE REVIEW 

Apparel Fit 

In order to measure fidelity and accuracy of garment simulation in terms of 

apparel fit, it is necessary to examine how apparel researchers measure apparel fit 

perception. Apparel fit can be defined as the relationship between apparel and the body 

(Ashdown & DeLong, 1995), and fit analysis is a process of judging how well the 

clothing conforms to the body based on a set of requirements (Ashdown, Loker, 

Schoenfelder, & Lyman-Clarke, 2004). Ashdown, et al. (2004) state that “A well-fitted 

garment is a garment that hangs smoothly and evenly on the body, with no pulls or 

distortion of the fabric, straight seams, pleasing proportions, no gaping, no constriction of 

the body, and adequate ease for movement. Hems are parallel to the floor unless 

otherwise intended, and the garment armscye and crotch do not constrict the body” (p. 3).  

Erwin and Kinchen (1964) identified five elements of fit: (1) grain, (2) set, (3) 

line, (4) balance, and (5) ease. Brown and Rice (2001) further explained how each 

element can serve as a guide for fit evaluations. Grain is about how well the fabric warp 

yarns and intersecting filing yarns, the grain, hangs in relation to a wearer’s body. In 

order to achieve good fit in terms of grain, first, the fabric needs to be cut on the grain, 

unless there is a design element which requires the fabric be cut in a different direction, 

such as on the bias. When a person puts a garment on, the garment with a good fit shows 

lengthwise grain hanging parallel to the body, and the crosswise grain running 

perpendicular to it. Set is about how smoothly a garment sits on a body and follows the 

body contour without strange or unnecessary wrinkles. The third fit element, line, is 

about evaluating the structural lines of a garment. Examples of structural lines include 

sideseams, center front and back lines, necklines and waistlines. The structural lines 

should follow the body line appropriately; for example, the neckline of a garment needs 

to follow the natural body neckline without any distortion. Balance is about how well a 

garment is distributed on the body from left to right as well as from front to back. A well 
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balanced garment hangs on the body evenly and symmetrically. The final fit element is 

ease. Two types of ease, fitting ease and design ease, affect fit evaluation. Fitting ease 

gives an appropriate amount of room between body and garment so that wearers can 

move comfortably. A garment may have more ease purely for design purposes, and this 

type of ease is called design ease.  

In the current study, participants were not instructed about any specific fit 

elements that they needed to consider during fit evaluations.  Instead, they were asked to 

use their own fit evaluation criteria that they would normally use when purchasing a 

garment.  

Studies of apparel fit have been approached from different perspectives. Fan, Yu, 

and Hunter (2004) divided fit evaluation types into two major categories – subjective and 

objective fit evaluation – and provided the following explanations on each type. The 

researchers labeled subjective fit evaluation as a qualitative method and objective fit 

evaluation as quantitative.  Qualitative fit evaluation is subjectively completed by either 

wearers or observers. Wearers try on a garment and assess fit and comfort. Observers 

assess the garment fit on a body form or a model, but they are not able to assess garment 

comfort.  

Qualitative fit evaluation is the most commonly used method in apparel 

companies or in research projects; however, evaluation can often be influenced by 

personal preferences and there could be limitations in communicating evaluation to 

others. In order to prevent these drawbacks and to make evaluation more objective, 

researchers define a series of critical locations of a garment to evaluate and use fit 

evaluation scales to evaluate fit at the locations.  

Objective fit evaluation is a more difficult method and less commonly used. Fan, 

Yu, and Hunter (2004) introduced five different methods: Moiré optics, an algebraic 

mannequin, waveform, pressure mechanics, and computer fit modeling. These methods 

are used to evaluate and quantify fit objectively. Another example of objective fit 

evaluation was presented in a study by Kohn and Ashdown (1998). In this study, apparel 

fit was quantified by using slashed garments and observing the changes in the slashes 

while participants moved when wearing the garments.  
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Ashdown (2007) presented a conceptual framework from two perspectives: 

‘Quantification of fit’ and ‘Perception of fit’. ‘Quantification of fit’ is divided into ‘Fit 

testing’ and ‘Wear testing’ while ‘Perception of fit’ is divided into ‘Subject opinion’ and 

‘Expert opinion’. Expert judge opinions are used to measure fit perception with more 

reliability and objectivity.  It is similar to the apparel industry practice in which a team of 

designers evaluates garment fit on a fit model. Subject opinion is used when evaluating 

fit and comfort based on wearers’ subjective perception of clothing that they are wearing.  

In some research, perception of fit is evaluated based only on either expert judge 

opinions or subject opinions. In other research projects, both opinions are used. Rating 

scales for a number of critical fit locations are often used to measure both subject and 

expert evaluation of garment fit. Ashdown et al. (2004) tested effectiveness of using 3D 

body scan visualization as a fit analysis tool. One-hundred-fifty-five models were 

scanned wearing pants, and a panel of expert judges evaluated fit of the pants on the 

computer screen. The evaluation criteria were how ease, line, grain, balance and set were 

visualized on the screen. The fit was evaluated as acceptable, marginal, or unacceptable. 

The results showed that using 3D body scan as a fit analysis tool was effective and has 

much potential. Schofield et al. (2006) used both expert and subject opinion in a study on 

fit analysis of two types of pants on people with fuller and flatter seat shapes. Participants 

evaluated their satisfaction of the fit of the pants, focusing on two aspects, appearance 

and comfort. They evaluated fit at the waist, hip, crotch and thigh, and overall fit on 

rating scales ranging from 1 (unsatisfactory) to 5 (very satisfactory). Expert judges 

evaluated more critical aspects of participant pants fit such as alignment, tightness or 

looseness, and crotch pull on a 5-point scale, which was later combined to represent poor 

fit, moderate fit, and good fit. Nam et al. (2005) approached fit analysis of two liquid 

cooled vest prototypes with both expert and subject opinions. Subjects evaluated for fit 

and comfort perception, and expert judges evaluated fit on the 3D scan visualizations 

using a 5-point scale. Ashdown and DeLong (1995) studied wearer’s perceptions and 

preference for pants fit at waist, hip and crotch. Specifically they studied the amount of 

ease variation that the wearers can perceive differently and find acceptable. Their 

perception test focused on one aspect of fit, wearer’s tactile reaction to the pants, while 
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controlling their visual reaction to the fit. They examined fit preference as the 

individual’s subjective decision on a 7-point scale. Turnbladh (1989) conducted a study 

to investigate consumer’s perceptions of fit and comfort of pants. In order to determine 

participant’s preferred amount of movement ease, the researcher identified four critical 

body locations for pants fit including waistband, waist and hip circumference, and crotch 

depth. Participants were asked to evaluate custom made pants for their own body 

measurements when sitting, walking, and standing.  

Fitting pants is an especially challenging task. Participants in a study by LaBat 

and DeLong (1990) evaluated the fit of lower body sites including pants length, crotch, 

thigh, buttocks, and hip, as least satisfactory. Turnbladh (1989) studied consumer’s 

perception of fit and comfort of pants, and the participants in the study reported that the 

places that were especially difficult to fit in ready-to-wear pants were pants length, and 

waist and hip circumference. For this reason, pants were selected as the test garment type 

in this research study.  

Garment fit can be evaluated in several ways including how comfortable the 

garment feels on the body and the visual appearance of the garment on the body. Findings 

from Turnbladh (1989) showed that evaluation of pants fit and comfort were interrelated 

in the participant’s pants evaluation. However, online shoppers are able to judge garment 

fit only based on the visual factors of the garment and cannot evaluate the comfort of 

clothing as they do in the fitting room. Therefore this study focused on fit evaluation 

based on the visual (not tactile) fit on the virtual model and the participant body. 

Turnbladh (1989) also reported that participants who were not expert judges were able to 

perceive and communicate fit and comfort of the pants effectively. In this study, fit 

analysis was conducted by participants based on their subjective evaluations. Rating 

scales were used to quantify fit evaluations with open-ended interview questions 

supplementing reasons for the ratings.  
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Online Shopping 

Apparel is a popular product sold over the Internet and apparel online sales are 

growing rapidly. Approximately 40 to 50 percent of Internet users purchased online 

between 2000 and 2003, and the annual number of online purchases for adults increased 

during this time period (Cole et al., 2004). The NPD Group, Inc reported that even with 

the decline in U.S. apparel sales in 2000, online sales increased. Even with such growth, 

apparel online shopping is unlikely to supplant other shopping modes, as consumers still 

prefer to buy clothes in a store (92.9%) rather than through the Internet (3.2%), but it will 

supplement them as shoppers continue to use multiple channels to buy apparel 

(Goldsmith & Flynn, 2005).  

This heavy preference of apparel shoppers to buy in stores is contrary to shoppers 

who purchase other types of merchandise. The 2003 Digital Future Project examined the 

impact of online technology on America and reported that more than two-thirds of 

Internet buyers (67.1%) say their traditional “brick-and-mortar” retail stores purchases 

have been somewhat reduced or very reduced due to their online purchases (Cole et al., 

2004).One of the problems of shopping for apparel online is that consumers have to 

determine their correct size without seeing the garments on their body. This issue is more 

problematic because each company has size charts unique to their target market, and the 

correct size for one company is often different than for other companies. Inability to 

assess tactile properties of the product is another major reason that the Internet is 

regarded as an inconvenient tool for purchasing clothing (Bhatnagar, Misra, & Rao, 

2000).  

Park and Stoel (2002) examined product information provided by the websites of 

31 Internet apparel retailers. Websites provided as much basic product information 

(garment size, fiber content, price, color description, item care, and country-of-origin) as 

retail stores. However, websites did not provide sufficient sensory or experiential product 

information including style, fashionability, fabric construction, instruction on how item 

should be worn, and texture/fabric hand for consumers to assess product quality in the 

way they could by touching and trying on garments. The ability of websites to provide 
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detailed visual inspection of garments was limited in almost all of the websites in the 

study. Two-dimensional front view pictures were the most common visuals provided to 

shoppers. Three-dimensional rotation functions or zoom-out functions, which would 

make detailed inspection and evaluation of products possible for consumers, were not 

common.  

Even with these limitations, there are consumers who enjoy shopping for apparel 

online. Consumers who shop online have different attitudes and interests about Internet 

use and online shopping in general. A study comparing the characteristics of consumers 

who have purchased apparel online and those who have not, showed that online shoppers 

spent more time online in general, purchased online more often, and thought online 

shopping was more fun, safer, and quicker than the people who did not shop online 

(Goldsmith & Goldsmith, 2002). They also were more confident in their ability to buy 

online and were more innovative and knowledgeable about the Internet than non-buyers. 

These positive attitudes toward Internet use and perceived benefits of online shopping 

yielded greater motivation and interest in shopping online. Other research examined the 

differences in attitudes and shopping behaviors between consumers who buy in stores and 

on the Internet as well as through catalogs (Goldsmith & Flynn, 2005). Results indicated 

that the consumers who were more involved in and faster adopters of new fashion tended 

to purchase more using all three shopping modes; however, these attitudes and behaviors 

were most strongly correlated with store shopping. The interpretation was that those with 

higher fashion involvement and who spent more on apparel were drawn to the advantages 

of shopping in the intense visual and tactile environment of the store.  

Mass Customization 

High levels of dissatisfaction with garment fit is a problem both in the traditional 

retail environment and in online shopping. A report by Kurt Salmon Associates (2004) 

stated that 60% of women shoppers were able to find something they liked but that did 

not fit them correctly, and 49% of women had difficulty finding clothes that fit them 

well. Consumer dissatisfaction with ready-to-wear garment fit results in interest in 
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customizing fit and mass customization. Pine (1993) states that “…practitioners of Mass 

Customization share the goal of developing, producing, marketing, and delivering 

affordable goods and services with enough variety and customization that nearly 

everyone finds exactly what they want” (p. 44). Companies, including both online 

environments and traditional retail environments, adopt mass customization in an attempt 

to provide good apparel fit for consumers.  

There are different mass customization types and steps in the apparel industry. 

Loker (2007) proposed a mass customization model for clothing (Table 1). Depending on 

the point of customer involvement, she proposed 6 mass customization steps: pattern 

development, design, production planning, manufacture, delivery, and post-purchase. 

Mass customization can be applied in one of these steps or in several mixed steps. Each 

step uses different customization options and adapts different technologies.   

 

Table 1   

Mass Customization Model for Clothing (Loker, 2007, p. 247) 

Point of customer 
involvement 

Apparel mass  
customization option 

Enabling Technologies 

Pattern development 
 
Design 
 
Production planning 
 
Manufacture 
 
 
Delivery 
 
 
 
Post-purchase 

Custom fit or design 
 
Component choice: Size, 
style, fabric 
Data forecast 
 
Small-lot repeats 
 
 
Point-of-sale data 
 
 
 
Customer adjustments 

Body scanner, CAD pattern 
making 

Product configurators, CAD, 
grading 

Integrated computer systems 
Single-ply cutters, unit 

production systems, 
flexible manufacturing 

Bar codes, radio-frequency 
identification tags, 
logistics computer systems 

Electronic settings for smart 
clothing, gel gloves that 
mold to hands 

 
 

Anderson-Connell, Ulrich, and Brannon (2002) also developed a consumer-driven 

model for mass customization in the apparel market based on a series of consumer focus 
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group interviews.  The model suggests four types of mass customization options: design 

option, totally custom, co-design, and clothes clones. In the “Design option,” the 

company has a library of style choices such as various pockets, sleeves, lapels, cuffs, 

trims, fabrics, and colors, from which individual consumers can mix and match styles and 

place orders for their selections. In the “Totally custom option,” consumers design the 

garment, fabric, and colors online or in the shop, and the garments are customized to their 

measurements and fit preferences. Both options require design ability and time 

commitment, which can pressure consumers. In the “Co-design option,” consumers are 

guided by professional assistants who provide expert advice through the process. In the 

“Clothes clones option,” consumers can order multiple versions of their favorite styles 

including their best-fitted or most comfortable clothes, and their most flattering items. 

With this option, consumers can replicate favorite styles in different fabrics or colors.  

Many traditional retail apparel stores and online apparel companies provide 

variety of mass customization options. Lands’ End started to provide custom-tailored 

chinos in 2001; and customized jeans, customized men’s twill trousers, and men’s shirts 

in 2002 (Ives, 2003). Once consumers place orders on the website, Lands’ End’s partner, 

Archetype Solutions, Inc (ASI), manipulates the base patterns with pattern software and 

develops patterns with the goal of meeting the fit and style requests of the consumer 

(McElwain, 2001). Consumers can request style and fit options such as color of the pants; 

natural or relaxed fit; waist style (low, average, and high rise); with or without pleats; 

tapered leg or straight leg; and hemmed bottom or cuffed bottom. They also have to input 

their body measurements including waist, hip, inseam, height, and weight measurement; 

and body proportions including hip shape, seat shape, tummy shape, thigh shape, and 

overall body shape (Land'sEnd, n.d.).  

Another example of a company that does mass customization is Interactive 

Custom Clothes Company (IC3D.com). The company is an online mass customization 

apparel company that was founded in 1996 (Interactive Custom Clothes Company, n.d.). 

The company provides the service of copying a consumer’s best-fitted jeans. The 

company measures the jeans that the consumer sends, reproduces the jeans with similar 

fabrics, and sends the jeans to the consumer in three to four weeks. Consumers can also 
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design their own clothes from company provided options. The options include fabric 

choice; width and tightness of the pants; pocket types; trimmings; and thread colors. The 

company developed their technology using algorithms to develop a pattern based on 

individual’s measurements without using pre-existing patterns. 

3D Technology for Mass Customization 

The use of technology makes mass customization processes more efficient and 

allows customized apparel to be produced at low cost. Several technologies that make 

apparel mass customization possible include body scanning, computer-aided-design 

(CAD) pattern making systems, CAD grading systems, single-ply cutters, and electronic 

settings for smart clothing (Loker, 2007). 3D body scanners and virtual simulation are the 

most sophisticated emerging technologies for mass customization. These technologies 

used in online shopping scenarios are viewed as the promising next steps to reduce fit 

dissatisfaction in online shopping (Beck, n.d.). The interactive nature of the technologies 

that allow customers to view garments on a simulated body could mean more consumer 

involvement in online shopping.  

Some companies already have implemented 3D body scanning and/or virtual 

simulation technologies for mass customization. Bodymetrics is a London-based apparel 

company using 3D body scanning to take a customer’s measurements and sell customized 

women’s suits with UK’s leading designers and tailors. The company also has teamed 

with the Los Angeles-based company Serfontaine to produce customized jeans 

(Bodymetrics, n.d.; Marsh, 2005). Clients can choose leg shape, waist height, wash color, 

pocket designs and more features for their jeans.  

Websites using technologies developed by My Virtual Model ™ allow customers 

to create a 3D virtual model that resembles their appearance with body measurements 

similar to theirs (Nantel, 2004). They are asked to input information including specified 

body measurements, weight, and color. The model who represents the consumer can then 

be used to try on garments from the website. The model can be saved and used the next 

time the consumer comes back to the website or with other online companies that have 
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adopted My Virtual Model ™.  This tool may be the answer for consumers who hesitate 

to purchase online because they are not able to try on garments to evaluate accurate 

sizing. The retailers using My Virtual Model ™ reported that their return rate was 

reduced from 35% to 21% and consumers stayed on the sites longer, purchased more, and 

spent more money.  

Some companies use virtual simulation technologies during the sample 

production process. During the sample production process several samples of the design 

are made and reviewed in order to inspect fit, color, and style before mass production. 

TUKATECH company introduced a new term called “e-fitting” with development of 

their 3D garment simulation software called the e-fit Simulator by TUKA (Delevan, June, 

2007). “E-fitting” is an electronic fit test on a 3D virtual model using digital patterns. 

Patternmakers and buyers view movies or screenshots of the file on the computer screen, 

and fit decisions and corrections are electronically done before sample making of actual 

garments begins. This is expected to reduce the number of sample making steps and 

production time. The company tested accuracy of “e-fitting” for a children's line by U.K.-

based retailer Tesco (Hirdaramani, 2007). They reported that “e-fitting” is accurate 

enough to reflect physical sample production; therefore, the company decided to 

eliminate the steps of making physical samples and use only “e-fitting” for sample 

development. 

Limitation of Virtual Technology 

As 3D scanner and virtual garment simulation are relatively recent technologies, 

there are limitations. Currently, most of the companies using virtual try-on use 

personally-sized avatars. This avatar is created with the selected key measurements of the 

consumer’s body such as bust circumference, waist circumference, hip circumference, 

and height. The measurements can come from the consumer’s own measurement of their 

body with a tape measure, or if they have been scanned before, the company can extract 

the stored measurements for reuse. Sometimes companies ask consumers to choose their 

own body type such as pear shape, apple shape, or rectangular shape from given options. 
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However, no matter how similar this avatar is to the real body, it is never an exact 

replication.  

The most accurate avatar can be created using 3D body scanning of the consumer; 

however, even this may have technical limitations. Most scans capture the image of 

objects horizontally, which creates “holes” in the scan data in places like under the chin 

and top of shoulders; and in areas that are obscured such as armpits and crotch 

(Kartsounis, Magnenat-Thalmann, & Rodrian, n.d.). The surface of the scan has to be 

completely closed before it can be used as an avatar, but automatic hole patching for 

polygonal models is not available at this time. The fast processing required in the web 

environment provides challenges, as the number of polygons in the mesh has to be 

reduced as much as possible while resulting in an avatar that is still recognizable.  

There also are psychological concerns with 3D scanning and virtual garment 

simulation. Loker, Cowie, Ashdown, and Lewis (2004) studied 203 female participants’ 

reactions to body scanning. When viewing their minimally clothed scans, nearly all (98%) 

were willing to be scanned again, but only about half of the participants (55%) were 

comfortable or very comfortable viewing their scan as a stationary image. Slightly more 

participants (58%) felt comfortable seeing their body scan as a movie file. These results 

raise a question of if consumers will be willing to use their scan in online shopping even 

if the technologies are available. Another psychological concern is privacy and security. 

Consumers were concerned about security of personal body scans and measurement 

information and said that the possibility a company loosing the information could be a 

barrier to using the technology for customizing apparel (Anderson-Connell, Ulrich, & 

Brannon, 2002).  

Virtual Simulation Technology  

Garment simulation technology was introduced in the late 1980s with the first 

accurate garment simulation developed in the 1990s (Magnenat-Thalmann & Volino, 

2005). One of the garment simulation software packages that apparel industries and some 

researchers already use is MIRACloth, a software developed at MIRALab in Switzerland 
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(Volino & Magnenat-Thalmann, 2000). The underlying technique of the software is 

inspired by pattern and garment making procedures. First, the 2D patterns are made and 

imported into the 3D simulation program. The 2D patterns are then changed to a 

polygonal mesh. After the approximate positions of the patterns are determined around 

the body, the patterns are seamed and pulled on to the 3D body. The position of the 

patterns should be as correct as possible so that the simulation time is short and the result 

is as accurate a representation of the reality as possible. When patterns are simulated, the 

interaction between the garment and the body; and between one garment and another is 

computed by collision detection. Through collision detection, the garment shape is 

guided to conform to the body shape (Cordier, Seo, & Magnenat-Thalmann, 2003). The 

techniques used in this software are widely used in other software as well.  

Challenges still remain in garment simulation technologies. Magnenat-Thalmann 

and Volino (2005) listed the following diverse challenges for garment simulation 

technologies:   

* The size of garments, which can be 1meter long and yet need to be simulated at 

millimeter accuracy. 

* The intricate and highly variable shape of garments, which interact through 

complex contact patterns with the body (which is itself a complex deformable 

entity) as well as with other garments. 

* The highly deformable nature of cloth, which translates very subtle mechanical 

variations into large draping and motion variations that modify completely the 

visual appearance of garment models. 

* The highly intricate anisotropic and nonlinear mechanical behavior of garments, 

requiring accurate measurement, modeling, and complex numerical methods for  

their resolution. (p. 507) 

For successful garment simulation, the development of mechanical simulation is 

the central issue and this has to be successful prior to garment simulation. In mechanical 

simulation, the purpose is to consider the inherent nature of the fabric, including the 

molecular structures of fibers, yarn constructions, and fabric structures in order to 

accurately reproduce the mechanical behavior of a fabric (Volino & Magnenat-Thalmann, 
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2000). The accurate mechanical simulation will produce realistically behaving fabric 

simulations.  

The basic mechanical behaviors of a fabric surface determined by the inherent 

nature of fabric include elasticity, viscosity, plasticity, and resilience. These fabric 

behaviors will in the end decide the drape of the garment on the body; and the interaction 

of the garment with the environment and with the body that the garment hangs on.  

There are ongoing attempts to improve 3D virtual draping technology by 

accurately incorporating fabric mechanical properties into the system. The team at North 

Carolina State University conducted research with the ultimate goal of improving 

representation of garment fit in the virtual environment based on the successful 

simulation of fabric variation (Kenkare, 2005; May-Plumlee & Eischen, 2003; May-

Plumlee & Kenkare, 2005). In order to measure the accuracy of simulated 3D drape, they 

assessed the overall differences in the images of the superimposed drape of a drape 

simulation and a captured 3D body scanner image of a drape (Figure 1 and Figure 2).  

They also developed new methods to objectively compare 3D virtual drape with 

actual drape in a virtual environment. The evaluation began with application to a simple 

form and later was applied to a dress and skirts and the results showed that the measuring 

methods were effective. Two of the methods to objectively quantify garment drape 

include Number of Nodes (NoN) and Drape Distance Coefficient (DDG). In order to use 

this method, they sliced a cross section of the 3D surface of a skirt at the waist level and 

the hem level (Figure 3). Number of Nodes (NoN) indicates counting the number of folds 

as shown in the cross section. Drape Distance Coefficient (DDG) measures and compares 

the depth of the folds. They define the Drape Distance Coefficient as the ratio of the 

average value of maximum node dimension (Y in Figure 3) with the average value of 

minimum node dimension (X in Figure 3).  
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Figure 1. 3D Digital Images of a Sample Fabric (Blue), and Simulated Drapes (Grey) 

(May-Plumlee & Eischen, 2003, p. 2)  

 

 

 

Figure 2. A Virtual Drape (Grey) and a Simulated Drape (Blue) are Nested in 3D Space 

for Comparison (May-Plumlee & Eischen, 2003, p. 2) 

 



17 
 

 

Figure 3. The Process of Capturing Drape Distance Coefficient of an Example Fabric 

(Kenkare, p. 121) 

Visual Perception in Computer Graphics 

Interdisciplinary fields such as psychology, neurophysiology, arts, and computer 

science have studied effective methods of representing objects with images and how 

people visually perceive the generated images (Hochberg, 1986). Psychophysics is the 

study of perceptual processes by systematically varying the properties or physical 

dimensions of stimulus images and subjects’ responsive behaviors from the stimulus 

(Bruce & Green, 1985). Major developments in computer graphics within the computer 

science field prompt new studies in psychophysics. Especially with improved 

technologies of creating 3D images and Virtual Reality (VR) and their applications being 

extended to many products such as aircraft, automobiles, and garments; studies on the 

impacts of its use on viewer’s perceptive and cognitive systems are recommended 

(Gaggioli & Breining, 2001).  

Tumblin and Ferwerda (2001) define perception as the following: 

Perception connects our minds to the world around us. It’s the host of processes 

that converts all the measurable physical stimuli that our bodies receive in to a 

conscious awareness of our surroundings. Its inputs are physical and measurable, 

but its outputs are purely psychological. It’s a set of processes that actively 
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construct mental representations of the world from raw, noisy, and incomplete 

sensory signals. (p.21) 

Garment simulation technology generates 3D garment images with complicated 

computer graphic mathematical models. In the process of visual perception, people view 

the display of computer images, and perceive ideas and information represented by the 

images and endow meaning upon what they view.  

There are a number of different visual perception theories. Empiricism is the most 

widely accepted approach (Gordon, 2004). The theory was initially proposed by 

Hermann Helmholtz. In this theory, perception is not a direct impulse but an indirect 

response. Between the registration of the stimuli and the final response to the stimuli, 

there is an intermediate process, which involves experience and thinking of perceivers. 

On the contrary, Gibson’s theory is about direct perception. He explained visual 

perception in terms of actions. He asserted that people view in order to make a decision 

and perceivers are not passive receivers of what they view. Perception is a direct and 

immediate process of the environment, which involves the whole visual system, and not 

broken components of the system. In a number of visual perception theories, researchers 

in physiology and psychophysiology agree that perceptual skill is limited by the 

limitation of the human visual system (HVS) (Ferwerda, 2001).  

3D computer graphics generally have a goal of producing accurate and realistic 

models of the object being represented. Ferwerda (2003) presented a conceptual 

framework explaining 3 types of realism that computer graphics try to achieve: (1) 

physical realism, (2) photo-realism, and (3) functional realism. The framework can be 

used as standard perceptual criteria when evaluating the realism of computer graphics 

images. 

In physical realism, images provide the same ‘visual stimulation’ as the scene. 

Ferwerda (2003) explained that in physical realism, “the image has to be an accurate 

point-by-point representation of the spectral irradiance values at a particular viewpoint in 

the scene” (p. 291). Intellectual challenges motivate to make impeccable images, but this 

process is time consuming and costly, involving numerous computation skills and it is not 

always possible to make physically realistic images. Despite people viewing physically 
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realistic images, the perceptual skill of humans is limited and it is unnecessary to 

generate details that are imperceptible by people (Reddy, 2001).  

In photo-realism, images produce the same ‘visual response’ as the scene. 

Ferwerda (2003) stated that photo-realism is to “create an image that is indistinguishable 

from a photograph of a scene” (p. 292). The process of making this type of image is 

simpler than physical realism but still not fast enough, and its use and advantages are not 

clear.  

In functional realism, images provide the same ‘visual information’ as the scene. 

These types of images retain enough reliable information of the objects such as shapes, 

sizes, positions, motions, and materials, which make it effective enough for observers to 

perform tasks. Functional realism can reduce the complex computation process but 

achieve image displays enough for communicating its function and purpose. Rendering 

styles can vary from rather abstract rendering to more complicated rendering like in 

photo-realistic images.  

Measuring functional realism has two criteria: (1) accuracy, and (2) fidelity. 

When the computer graphic image is accurate, it means that its physically measurable 

property of the image is correct, which can be measured with instruments. When the 

image has fidelity, the image is true to the reality that the image is representing. This only 

can be measured by checking if the viewers are able to perform tasks with the image as 

they do in the real world. When the viewers are able to perform similar tasks, the image 

has fidelity and it is a perceptually accurate (Chalmers & Dalton, 2002).  

Ferwerda’s framework for realism in computer graphics raises a question: In 

garment simulation, what constitutes a functionally realistic image? In order to measure 

fidelity of garment fit from a virtual simulation, it is necessary to compare a person’s 

activities and perceptions when viewing a garment fit simulation and when viewing real 

garment fit on the body, and to measure accuracy, it is necessary to examine physically 

measurable properties of the images.  
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Summary: Literature Review 

Apparel online sales are growing rapidly. However, one of the problems of 

shopping for apparel online is that consumers have to determine their correct size without 

seeing the garments on their body. 3D body scanners and virtual simulation are the most 

sophisticated emerging technologies for online shopping, and the technologies are viewed 

as the promising next steps to reduce fit dissatisfaction in online shopping. Computer 

graphics researchers strive to develop accurate virtual garment simulation technology; 

however, as a 3D scanner and virtual garment simulation are relatively recent 

technologies, many limitations and challenges still remain. This study adapted 

Ferwerda’s (2003) framework for functional realism as a framework to evaluate fidelity 

and accuracy of a 3D virtual dressing tool. In this study, fit analysis was conducted by 

participants based on their subjective evaluations. Rating scales were used to quantify fit 

evaluations with open-ended interview questions. 
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CHAPTER THREE: METHODOLOGY 

In this section, the research methodology is discussed in the following order: 1) 

research design, 2) limitations, 3) participation selection, 4) questionnaire and interview, 

5) data collection procedure, and 6) data analysis procedure.  

The methodology for this study was developed to replicate an online shopping 

experience. The imaginary scenario that the study replicated is as follows: A consumer is 

interested in purchasing a particular style garment on an online shopping website. She 

views the 3D virtual simulation of the garment on her body scan to determine the 

appropriate size for her. After she decides the best size based on body scan, she places an 

order for the garment. The garment is delivered to her house, and she tries the garment on. 

She determines whether the garment fit is appropriate for her body. Also, she compares 

the garment fit on her body next to the 3D virtual simulation in order to determine if the 

product fit is same as what she had expected from the 3D virtual simulation.  

From the current section forward, virtual model is abbreviated as VM and 

participant body is abbreviated as PB.   

Research Design 

Research Purpose 

The purpose of the research was (1) to investigate the fidelity and accuracy of a 

3D virtual garment simulation tool in assessing fit on a 3D VM by comparing the 

resulting fit on the 3D VM and on the participant real body through participant evaluation, 

and (2) to evaluate the effectiveness of the tool for 3D online virtual clothing shopping 

for consumers. 
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Research Question 

The purpose will be accomplished with the following specific questions.  

1. Research question 1: How do the participants evaluate the fit of the test pants 

simulation on their VM? 

2. Research question 2: How do the participants evaluate the fit of the actual test 

pants on their body? 

3. Research question 3: What are the similarities and differences of fit of the test 

pants on the VM and on the PB? 

4.  Research question 4: How satisfied are the participants with use of the VM in 

evaluating fit and what is their willingness to use the VM in the future? 

5. Research question 5: Are there any differences in the evaluations between 

participants with clothing design educational background and those without such 

background? 

Limitations 

This study had limitations. The study tested one garment type with one fabric 

type. For complete test of fidelity and accurate fit representation of 3D virtual garment 

simulation, research with different garment types made of different fabrics should be 

conducted.  

The participants were limited in age range and were all female. The age range was 

from 19 to 31 with a majority of the participants being in the younger age range of 19 to 

22. For a complete assessment of the software and for generalization to a broader 

population, testing on a sample with a different age range and with male participants 

would be necessary. 

Body scan images that were made into the VM were a dark grey color. Although 

most parts of the VM were covered with the virtual pants and only the bottom view of the 

body was shown, certain parts of the body including the feet and belly were viewed 

against the virtual pants which might have affected visual perception.  
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Participant Selection 

The experiment of the research took place in the Human Dimensioning© 

Laboratory in the College for Design at the University of Minnesota. Institutional Review 

Board approval was acquired before proceeding with the study. Final IRB approval was 

received on December 27, 2007 (IRB study number: 0712P23630). The data were 

collected from January, 2008 to July 2008. Participants were recruited from students and 

employees at the University of Minnesota, Twin Cities Campus. Participants were 

recruited through posters posted on campus and in-class announcements with the 

instructors’ approval. The participants who completed the required research procedures 

were paid a small amount of compensation.  

Thirty-seven participants whose height, waist, and hip circumference 

measurements were between size 2 to size 20  as specified in the ASTM D 5585-95, 

standard table of body measurements for adult female Misses figure type, sizes 2-20 (“D 

5585-95 standard”, 2001), were recruited. The recruiting poster included size designation 

with height, waist, and hip circumference measurements specified. The age range of the 

participants was 18 to 35 years because younger people have a higher level of Internet 

use, with more than 80% of the people in this age range using the Internet (Cole et al., 

2004). 

Questionnaire and Interview  

 Two questionnaires and an interview were used to collect data for the study. The 

interview used open-ended questions in a one-to-one conversational format. The 

interviews were recorded with a digital recorder, and notes were taken during the 

interviews. First, the participants were asked to rate their opinions and evaluations on a 7-

point scale. Immediately after the participants gave their rating score for one question, the 

researcher asked the specific reasons for their rating score, and then the participants 

moved on to the next question with this process repeating. The questionnaires provided 

quantitative data, and the interview provided qualitative data.  
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Participant Information Form 

 The Participation Information Form (see appendix A) was used to collect contact 

information, including name, e-mail address and phone number; age; date of birth; school 

year; college major; self assessment of fit knowledge; and the participants availability.  

Participant Fit Evaluation Questionnaire and Interview 

Two types of participant fit evaluation questionnaires were used: one for fit 

evaluation of the pants on the VM and one for fit evaluation on the PB. The 

questionnaires were pilot tested. The fit evaluation questionnaire on the VM (see 

appendix B) consists of two parts: (1) fit evaluation, and (2) fit expectation. In the first 

part, participants evaluated fit of critical areas and overall fit of the pants simulation on 

the VM, and rated various fit factors on a 7-point scale. In the second part, participants 

rated their expectations for fit of the pants that they viewed on the VM. Open-ended 

questions were used for the interview format to supplement the quantitative measures. 

The fit evaluation questionnaire on the PB (see appendix C) consists of three parts: 

(1) fit evaluation on the PB, (2) comparison between the fit on the VM and the fit on the 

PB, and (3) satisfaction with use of the VM to determine fit and willingness to use the 

VM in the future. In the first part, the participants evaluated fit of critical areas and 

overall fit of the pants on their body and rated various fit factors on a 7-point scale. In the 

second part, they were provided with the 3D virtual image that they previously evaluated, 

and they compared the similarities and differences of the pants fit on the VM and on their 

body. They were asked to rate on a 7-point scale how strongly they agree or disagree that 

the pants fit at critical areas and overall fit on the VM and on their body were the same. 

In the third part, participants were asked about their satisfaction with using a VM and 

their willingness to use it in the future with ratings on a 7-point scale. An interview 

consisting of open-ended questions was used in all three parts to supplement the 

quantitative measures.  



25 
 

Data Collection Procedure 

Selection of 3D Virtual Garment Simulation Software 

A 3D virtual garment simulation software package was selected to evaluate the 

virtual try-on process. The software was developed by a US company that is leading the 

apparel industry in 2D/3D CAD software development. The software has the capability to 

create apparel patterns with a drafting method, or existing paper patterns can be digitized 

into the system. Patterns can be altered and graded (sized), and then simulated on a VM 

to visualize fit and style. The patterns can be fit onto an avatar provided by the software 

or a scan of a real person can be imported and used as a VM. 

First Step: Preparation of Test Pants Pattern  

 Garment Design and Pattern 

The test garment design selected for this research was a formal style pants. Size 8 

basic pants sloper patterns that were included in the pattern drafting book, Make It Fit by 

Rosen (2005), were digitized into the 3D virtual garment simulation software. The author 

of the book made the patterns based on the measurements of the Wolf From Co. dress 

form size 8, 2001.  The size 8 patterns were revised as a dress pants pattern using the 2D 

CAD function (Figure 4). The patterns were plotted out and the test pants were 

constructed. The pants were fitted onto a person and corrected twice until the desired fit 

and style were achieved as determined by the researcher. After the size 8 patterns were 

finalized, they were graded down using the software to sizes 2, 4, 6 and up to sizes 10, 12, 

14, 16, 18, and 20. Grade rules were based on the ASTM D 5585-95 standard.  
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Figure 4. Overlay of Original Pattern and the Current Study Pattern  

 Fabric 

A 60% cotton and 40% polyester blend gabardine twill in a medium grey color 

was selected as the fabric for the test pants. A medium value color fabric was selected for 

easier visual identification of fabric deformation and seam line placement. This fabric 

type was previously used in the research project, Perceptual Discrimination of Ease 

Values and Tolerance for Ease Variation in Apparel at Selected Body Sites (Ashdown, 

1991). The fabric is described as “The yarn was staple length, single ply, and was twisted 

in the S direction. The weave was a left handed 3/1 twill weave with a shaft of 4. The 

fabric count was 128 x 60” (Ashdown, 1991, p. 56). The fabric was donated by Galey and 
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Lord, a U.S. fabric manufacturer. The same fabric was selected for the current study 

because it was determined that the fabric was appropriate for an apparel fit research. 

The garment simulation software requires fabric physical parameters that define 

the fabric physical behavior in order to achieve accurate simulation results (OptiTex, 

n.d.). The parameters the software requires include fabric type, stretch, bend, shear, 

thickness, and weight, and the parameters are suggested to be measured in specialized lab. 

This information presumably provides data to the software on the character of the “drape” 

of the fabric on the body. Definition of each cloth parameter is defined in the software. 

Stretch: This parameter is defined as the resistance of the cloth to stretching 

forces in the warp (X) and filling (Y) directions. The parameter influences the elasticity 

of the fabric.  

Bend: This parameter indicates the resistance of the cloth to bending forces. The 

parameter influences how rigid or fluid the fabric is.  

Shear: This parameter is defined as the resistance of the cloth to shearing forces. 

The parameter influences how much the bias of the fabric glides or stays stiff on the body. 

Thickness: This parameter indicates how thick the fabric is in fractions of a 

centimeter. 

Weight: This parameter indicates how much the fabric weighs in grams per 

square meter. 

The software specifies that these fabric characteristics are to be measured using 

FAST (Fabric Assurance by Simple Testing) system or KES (Kawabata) system.  FAST 

system was developed by the CSIRO Division of Wool Technology, Australia, and it is a 

simpler test method as compared to more complicated KES system (Fan, Yu, & Hunter, 

2004). The test fabrics were tested in a professional textile testing lab, Specialised 

Technology Resources (UK) Ltd, to measure fabric specification and related information 

using the FAST testing method. The testing followed the SIROFAST/IWTO guidelines.  

The results of the FAST testing showed that Extensibility was 1.0% (warp) and 

3.4% (filling), Bending Rigidity was 14.1 µN.m (warp) and 9.0 µN.m (filling), Shear 

Rigidity was 119.1N/m, surface Thickness was 0.107mm, and weight was 225 g/m² 

(Figure 5). The values from the FAST result chart were input into the software’s fabric 
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editor and the values were converted to the appropriate values for the software (Figure 6). 

A jpeg image with similar texture and appearance characteristic as the test fabric was 

selected from the fabric image library provided by the software and was saved to the 

software’s fabric editor. This jpeg image was assigned to the pants pattern pieces when 

the pieces were simulated to the 3D model.  

 

 

Figure 5. Fabric Testing Results 
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Figure 6. Converter Translating FAST Testing Results 

Second Step: Preparation of 3D virtual self-model  

Participant First Visit: Scan and Participant Information Form 

When the participants came to the lab for the first visit, they were asked to read 

and sign the consent form and the photo release form and fill out the Participant 

Information Form.  

After completing the forms, then they were taken to a private dressing room, and 

they were asked to take off their street clothes and only wear their own bra and panties 

for the scan process. The participants were given socks and a robe to wear while walking 

to the scanner station. Each participant was scanned wearing their bra and panties, this 

representing what the participant typically wears when trying on garments in a store’s 
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fitting room. The participants were asked to remove anything shiny including jewelry and 

watch, which could have interfered with the scanning process. The participants were 

asked to enter the scanner, stand on the platform, and remove the robe. The participants 

were asked to stand with their feet about 6” apart and lift their arms higher than hip level 

in order to not block imaging of the sides of the body. The participants were scanned with 

a VITUS/smart 3D Body Scanner produced by Human Solutions. The scanner used a 

laser sensor to capture the 3D image of a person. The scanning process took 

approximately 12 seconds, and if the quality of the 3D image was not good, participants 

were rescanned. 

3D VM Preparation  

A VM was made from the participant’s scan before the second visit to the lab. 

The point cloud data of the three-dimensional body scan acquired from the ScanWorX™ 

software was imported into InnovMetric Polyworks™ software and made into a 

polygonal model. Since the laser light scans the participant’s body with beams and 

cameras directed horizontally toward the body, the bottom of the crotch area is obscured 

resulting in missing data and a hole in the polygonal model. The missing data in the 

crotch area of the polygonal model was patched using Polyworks™ software hole-

patching functions. The crotch patching function carefully follows the contours of the 

polygonal mesh that was imaged, but assumptions must be made in this process as true 

body data is not available. This process is done as carefully as possible to avoid undue 

influence on the fit of the pants simulation. The polygonal model was imported into the 

3D virtual garment simulation software and used as VM. The approximate-size digitized 

pattern was “draped” or simulated on the participant’s VM in the 3D virtual garment 

simulation software before the participant’s second visit to the lab. 

Third Step: Participants Fit Evaluation 

The participants were scheduled to return to the lab for a second session within 

two weeks of the first visit. The participants returned to the lab for a second session to 
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evaluate the fit of the pants. The first step was fit evaluation on their virtual body and the 

second step was fit evaluation on their body.  The second session took approximately 1 

hour.  

Fit Test on the Participant’s Virtual Body 

The participants viewed the same style pants in simulation in a number of 

different sizes until they selected the best size pants simulation based on their own 

subjective fit criteria. There was a concern that the participants would select the size of 

the pants simulation based on the ready-to-wear numerical size they typically wore 

instead of based on the fit evaluation of the pants simulation; therefore, the sizes of the 

pants simulation were not labeled with a numerical size but were labeled with letters A 

through J. For example, the size 2 pants simulation was labeled as size A, and the size 20 

pants simulation was labeled as size J; therefore, the participants were not aware of which 

numerical size they were selecting. 

The participants evaluated the fit of the selected pants simulation using the 

Participant Fit Evaluation Questionnaire of Garment on the Virtual Model. A 2x2 inch 

fabric swatch of the materials for the test pants was provided as tactile reference. 

The virtual visualization was viewed from front, side and back by using a rotation 

tool and zoom in and out for detail inspection. The researcher controlled the virtual 

visualization to eliminate the necessity of training the participants on use and to focus the 

participants on assessment of the pants. The researcher showed the virtual simulation to 

the participants following an established assessment protocol used for all participants. 

However, the participant was allowed to ask the researcher to zoom in or out of the view 

for detailed inspection. The order of the evaluation protocol was explained to the 

participants before evaluation started. The protocol conformed to the following order: 

overall fit, front waistband, back waistband, abdomen, hip, front thigh, back thigh, front 

crotch, back crotch, left side, right side, inseams, and hem.  

Pants simulation images from various view points as presented in Figure 7 were 

shown to the participants to identify the locations of each fit evaluation site (fit factor). 
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Brief verbal descriptions of the fit factors were provided to the participants. However, 

because the evaluation was based on the participant’s subjective fit criteria, detailed 

instructions on how to judge fit factors were avoided. The researcher gave general 

instructions that the red boxed area was the location of a particular fit factor. Some fit 

factors needed additional explanation to prevent confusion: pants length was to be 

evaluated during the hem fit evaluation, not during the inseam fit evaluation; side hip fit 

from the front view as well as the hip fit from the back view were to be evaluated during 

hip evaluation; and the overall side view as well as the sideseam line were to be evaluated 

during left and right side evaluation. 

Prompt questions were asked by the researcher to determine why the participants 

rated the pants as they did, and the interview was recorded with a digital recorder.  

Fit Test on the PB  

After the participants evaluated the pants simulation on their VM, they were 

asked to change into a t-shirt and the test pants over their own bra and panties. The pants 

were evaluated by the participants on their body in front of a full length mirror using the 

Participant Fit Evaluation Questionnaire of Garment on the Body. Interview questions 

were asked and the interview was recorded with a digital recorder.  

After the evaluation was completed, the participants wearing the test garments 

were scanned and then photographed in five views: front view, left and right side view, 

back view and three-quarter view. The photographs were taken in order to retain the 

visual records of the participants wearing the test pants for the data analysis procedure. 

The camera type was a Nikon COOLPIX L15 digital camera. The participants stood in 

front of a dark blue fabric background and photographed from slightly above waist level 

to below the foot to protect participant identity.  
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Figure 7. Fit Evaluation Locations 
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Data Analysis Procedure 

In this study, the quantitative and qualitative data were collected through 

questionnaires and interviews. In order to answer the five research questions, the quantitative 

data from the questionnaires were analyzed using descriptive statistics, two-way repeated-

measures ANOVA, and independent t-test. The data were analyzed using the Statistical 

Package for Social Studies (SPSS 13 Version for Windows).  

The qualitative data obtained from participant interviews was categorized and 

analyzed according to emerging categories using the content analysis technique.  

Quantitative Data Analysis 

Age, college major, school year, and self assessment of fit knowledge from the 

Participant Information Form, and test pants sizes selected by participants for this study 

were analyzed using descriptive statistics.  

In order to answer research questions 1, 2, and 5, participant fit evaluations on the 

VM and fit evaluations on the PB using a 7-point scale were analyzed using a two-way 

repeated- measures ANOVA. Two independent variables were the participant’s college 

major (i.e., clothing design and non-clothing design) and fit evaluation type (i.e., fit 

evaluation on the VM and fit evaluation on the PB). The dependent variables were fit 

rating scores from 13 fit factors. The two-way repeated- measures ANOVA was 

conducted to test whether significant differences existed between the two fit evaluation 

types and two college major types, and to test if there was an interaction effect of the 

college major and the fit evaluation type in the fit rating scores.  

In order to answer research questions 3 and 5, first, an independent t-Test was 

conducted to test whether the college major of the participants had a relationship with the 

comparison rating of the fit on the VM to the fit on the PB.  Then, the participant 

comparisons between the fit on the VM and the fit on the PB at the fit factors using a 7-

point scale were analyzed using descriptive statistics. 
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In order to answer research questions 4 and 5, the participants were asked to 

answer eight questions about their opinions of using the VM in evaluating fit and their 

willingness to use it in the future. First, an independent t-Test was conducted to test 

whether the college major of the participants had a relationship to six of the eight 

questions. Then, the eight questions were analyzed using descriptive statistics.  

Qualitative Data Analysis 

The qualitative data was obtained from participant interviews. The data were 

analyzed using the content analysis technique. Content analysis classifies and analyzes text 

data and indentifies meaning of the text (Bauer, 2000; Weber, 1990), using quantitative 

and qualitative approaches (Hsieh & Shannon, 2005). Counting the frequency of coded 

text is the simplest kind of quantitative content analysis study (Bauer, 2000). In the 

qualitative approach, the underlying meaning of the text is identified after categorizing the 

text data (Weber, 1990). While the data analysis in this study was quantitative in the sense 

that the most and the least occurring categories were identified based on the frequency of 

coded text, the focus was actually more qualitative. This is because the focus was on the 

trend of the categories, not the actual frequency of participant responses.  

Among the two types of written textual materials for the content analysis that Bauer 

(2000) lists, interview transcripts are “ texts that are made in the process of research” 

(p.136). In this study, interviews were transcribed from digital recording files and 

recorded in Excel spread sheets. The interview transcript served as the written materials 

for this study. The recording unit – “basic unit of text to be classified” (Weber, 1990, p. 

21) – was individual participant’s entire statement for each fit evaluation. If more than 

one idea existed in individual participant’s statement, the ideas were broken down and 

coded separately.   

Weber (1990) explains that “a central idea in content analysis is that the many 

words of the text are classified into much fewer content categories” (p. 12). Some 

researchers call this process of categorization condensation – “a process of shortening 

while still preserving the core (Graneheim & Lundman, 2004, p. 106).” Since there is no 



36 
 

existing theory to explain the phenomenon this study is investigating, the categories are 

not based on the pre-existing theoretical framework, but rather, they are generated from 

the participant responses. This type of content analysis is called “conventional content 

analysis” (Hsieh & Shannon, 2005, p. 1279).  

In order to categorize participant responses, the researcher in this study first read 

each participant’s entire transcript several times to understand the whole picture and then 

constructed a coding frame for the fit factors. Next, the researcher read the transcript for 

each fit factor to identify categories for each factor and coded participant responses. 

Participant sentences and words that had similar connotation were identified and grouped 

together into categories. Smaller sub-categories were also identified.  

After categories were identified and the meanings of the categories were inferred, 

themes were identified. Themes consist of links of underlying meanings from the 

repeatedly occurring concept in several categories (Graneheim & Lundman, 2004). 

Theme creation is an interpretative level of understanding categories. In this study, the 

repeatedly occurring categories in each fit factor were identified, and their underlying 

meanings were formed into the themes.  

Summary: Methodology 

The methodology for this study was developed to replicate an online shopping 

experience using 3D virtual simulation technology. Thirty-seven participants were 

recruited. Two questionnaires and an interview were used to collect quantitative and 

qualitative data. A VM was made from the participant’s scan and virtual pants were 

simulated on the participant’s VM. The participants evaluated fit of their selected pants 

simulation on their VM. The participants evaluated the test pants fit on their body, and 

they compared the test pants fit to the virtual pants fit. The quantitative data from the 

questionnaires were analyzed using various types of statistical methods. The qualitative 

data from the interview were analyzed using the content analysis technique.  
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CHAPTER FOUR: RESULTS 

This chapter presents the results from the data analysis of the quantitative 

questionnaires and the interviews. The chapter is divided into three sections. The first 

section presents analysis of the participant demographic information. In the second 

section, the participants fit evaluations on the VM and on the PB were compared using 

multiple data. Finally the participant opinions on using the VM and willingness to use it 

in the future are presented. 

 Three questionnaires were analyzed: 1) Participation Information Form, 2) 

Participant Evaluation of Pant Fit: On VM, and 3) Participant Evaluation of Pant Fit: On 

the PB.  

Analysis of Demographic Information 

Age, college major, school year, and self assessment of fit knowledge from the 

Participant Information Form were analyzed using descriptive statistics. The age of the 

participants ranged from 19 to 31 (Table 2). A majority of the participants were in the 

younger age range of 19 to 22 (64.86%). Remaining participants were fairly evenly 

distributed across ages 23 to 31 years (35.14%).  

Eighteen participants (48.6%) were in the clothing design major or previously 

majored in clothing design and current graduate students in apparel studies (Table 3). 

Nineteen participants (51.4%) were students from a non-clothing design college major or 

graduated with a non-clothing design college major.  

Ten participants were sophomores (27.03%), 9 participants were juniors 

(24.32%), 7 participants were graduate students (18.92%), 6 participants were seniors 

(16.22%), 3 participants were freshmen (8.11%), and 2 participants were categorized as 

“other” (5.41%) (Table 4).  

More than half of the participants (n=21, 56.76%) assessed their skill level in 

assessing the fit of a garment when worn by a person as “above average” (Table 5). The 
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second largest group of participants (n=13, 35.14%) said that their fit knowledge is 

“average.”  

 

Table 2  

Ages of Participants 

Age Frequency Percent 

19 4 10.81 

20 11 29.73 

21 5 13.51 

22 4 10.81 

23 1 2.70 

24 2 5.41 

25 1 2.70 

26 3 8.11 

27 3 8.11 

30 2 5.41 

31 1 2.70 

Total 37 100.00 

 

Table 3 

College Major of Participants 

College Major Frequency Percent 

Clothing Design  18 48.65 

Non Clothing Design  19 51.35 

Total 37 100.00 
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Table 4 

School Year of Participants 

Year Frequency Percent 

Freshman 3 8.11 

Sophomore 10 27.03 

Junior 9 24.32 

Senior 6 16.22 

Graduate Student 7 18.92 

Other 2 5.41 

Total 37 100.00 

 

 

Table 5 

Self Assessment of Fit Knowledge 

Fit Knowledge Frequency Percent 

Extremely poor 0 0.00 

Below average 1 2.70 

Average 13 35.14 

Above average 21 56.76 

Excellent 2 5.41 

Total 37 100.00 

 

Comparison between Fit on the VM and on the PB 

In order to compare the fit on the VM and on the PB, the data were collected and 

analyzed in two steps. In the first step, the participants evaluated the fit factors on a 7-

point scale. After completion of the fit evaluation on the VM, they evaluated the fit on the 

PB using the same questionnaire format. The two data sets were analyzed using a two-

way repeated-measures ANOVA to find significant differences between the mean score 

of rating at each fit factor from the two sets and to make comparisons between the fit 
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evaluations on the VM and PB. In the second step, the participants themselves were 

asked to compare the differences and similarities between the fit on the VM and the fit on 

the PB at the fit factors using a 7-point scale. This data were analyzed using descriptive 

statistics. In both steps, open-ended interview questions were analyzed to find reasons for 

the participant ratings and infer deeper meanings of the quantitative data.  

Test Pants Size Selected by Participants 

Participants were asked to view a number of simulated pants in several sizes 

(Table 6). Then they were asked to select the one simulated pants they thought 

represented best overall fit. The selected pant sizes for all participants ranged from size 2 

to size 16. The pants size that was selected by most participants was size 8 pants (n=9, 

24.3%). The next selected sizes were (n=8, 21.6% each) size 4 and size 6 pants. Size 12 

pants were selected by 5 participants (13.5%). Size 2, 10, and 14 were each selected by 2 

participants (5.4% each). A size 16 pants was selected by 1 participant (2.7%).  

 

Table 6  

Test Pants Size Selected by Participants 

Size Frequency Percent 

2 2 5.41 

4 8 21.62 

6 8 21.62 

8 9 24.32 

10 2 5.41 

12 5 13.51 

14 2 5.41 

16 1 2.70 

Total 37 100 
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Fit Expectation 

At the end of the fit evaluation on the VM, the participants were asked what their 

expectations for the fit of the pants on the VM would be. The majority of the participants 

(n=16) said they expected “good fit.” Other participants said “average fit” (n=8), “above 

average fit” (n=8), and “excellent fit” (n=4) (Table 7 and Figure 8). Only 1 participant 

said she expected “poor fit” and nobody expected “extremely poor fit” or “below average 

fit.”  The results show that most of the participant expectations for the fit of the actual 

pants were high after they viewed the fit on the VM.   

 

Table 7 

Participant Expectations for the Fit of Pants on Their Personal Body  

Rating Fit Expectation Frequency Percent Mean SD 

1 Extremely Poor Fit 0 0.00 5.35 1.11 

2 Poor Fit 1 2.70 
 

  

3 Below Average Fit 0 0.00 
 

  

4 Average Fit 8 21.62 
 

  

5 Above Average Fit 8 21.62 
 

  

6 Good Fit 16 43.24 
 

  

7 Excellent Fit 4 10.81 
 

  

  Total 37 100.00     
 

 

Figure 8. Participant Expectations for the Fit of Pants on Their Personal Body 



42 
 

Two-way Repeated-Measures ANOVA Results 

A two-way repeated-measures ANOVA was conducted to test the hypotheses 

related to the participant college major (i.e., clothing design and non-clothing design) and 

fit evaluation type (i.e., fit evaluation on the VM and fit evaluation on the PB) in fit 

evaluation rating score of the 13 fit factors.  The hypotheses for the test are listed in Table 

8.  

The assumption of homogeneity of variance was assessed by examining Levene’s 

test. The assumption was met because all the p-values on the 13 fit factors were greater 

than .05. The other assumption, normality of the residual was checked by the histogram, 

and the shape of the histograms was close to the normal.  

 

Table 8 

Hypotheses for the Two-Way Repeated-Measures ANOVA 

 

Hypotheses for the Main Effects 

H0:  µfit evaluation on VM = µfit evaluation on PB 

Ha: µfit evaluation on VM ≠ µfit evaluation on PB 

 

H0:  µclothing design = µnon-clothing design 

Ha: µclothing design ≠ µnon-clothing design 

 

 

Hypotheses for the Two-Way Interactions 

H0:  There is no interaction between the participant college major and the fit evaluation 

type.  

Ha: There is an interaction between the participant college major and the fit evaluation 

type.  
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The significance was measured at an alpha < .01 level. The results of the two-way 

repeated-measures ANOVA are listed on Table 9. The results showed that there was no 

significant main effect of participant college major in the fit evaluation ratings of any of 

the fit factors (p>.01). There were no significant two-way interactions of the participant 

college major and the fit evaluation type in the fit evaluation rating score of any of the fit 

factors (p>.01). 

There were significant main effects of evaluation type (i.e., fit evaluation on the 

VM and fit evaluation on the PB) in the fit evaluation rating score of the four fit factors: 

overall fit, abdomen, back thigh, and front crotch. There were no significant main effects 

of evaluation type at nine fit factors: front waistband, back waistband, hip, front thigh, 

back crotch, left side, right side, inseam, and hem. All the fit factors that had significant 

mean differences between the two evaluation types had higher mean scores from the fit 

evaluation on the VM than the fit evaluation on the PB (Table 10); overall fit had a 

higher mean score by 0.78, abdomen by 1.00, back thigh by 1.46, and front crotch by 

1.43. This indicates that fit representations of the virtual simulation at those fit factors 

show better fitted appearance than the actual fit on the body.  

  

Table 9 

Two-way Repeated-Measures ANOVA on Participant Fit Evaluation  

Source df F Sig.  

Overall Fit       
College Major (M) 1.00 0.87 0.36 
Fit Evaluation Type (F) 1.00 11.00 <0.01 
M x F Interaction 1.00 0.00 0.98 
Front Waistband Fit       
College Major (M) 1.00 1.19 0.28 
Fit Evaluation Type (F) 1.00 0.18 0.67 
M x F Interaction 1.00 0.18 0.67 
Back Waistband Fit       
College Major (M) 1.00 0.00 0.97 
Fit Evaluation Type (F) 1.00 0.20 0.65 
M x F Interaction 1.00 1.00 0.32 
Abdomen Fit       
College Major (M) 1.00 0.68 0.42 
Fit Evaluation Type (F) 1.00 17.49 <0.01 
M x F Interaction 1.00 0.00 1.00 
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Table 9 (continued)    

Source df F Sig.  

Hip Fit       
College Major (M) 1.00 0.02 0.89 
Fit Evaluation Type (F) 1.00 2.02 0.16 
M x F Interaction 1.00 0.62 0.44 
Front Thigh Fit       
College Major (M) 1.00 1.08 0.31 
Fit Evaluation Type (F) 1.00 2.58 0.12 
M x F Interaction 1.00 0.06 0.81 
Back Thigh Fit       
College Major (M) 1.00 1.95 0.17 
Fit Evaluation Type (F) 1.00 36.69 <0.01 
M x F Interaction 1.00 0.70 0.41 
Front Crotch Fit       
College Major (M) 1.00 1.44 0.24 
Fit Evaluation Type (F) 1.00 22.66 <0.01 
M x F Interaction 1.00 0.10 0.75 
Back Crotch Fit       
College Major (M) 1.00 0.03 0.87 
Fit Evaluation Type (F) 1.00 3.58 0.07 
M x F Interaction 1.00 0.22 0.64 
Left Side Fit       
College Major (M) 1.00 0.14 0.71 
Fit Evaluation Type (F) 1.00 0.37 0.55 
M x F Interaction 1.00 1.36 0.25 
Right Side Fit       
College Major (M) 1.00 0.07 0.79 
Fit Evaluation Type (F) 1.00 0.25 0.62 
M x F Interaction 1.00 1.10 0.30 
Inseam Fit       
College Major (M) 1.00 0.39 0.54 
Fit Evaluation Type (F) 1.00 5.32 0.03 
M x F Interaction 1.00 0.39 0.54 
Hem Fit     
College Major (M) 1.00 0.60 0.44 
Fit Evaluation Type (F) 1.00 4.96 0.03 
M x F Interaction 1.00 0.14 0.71 

 

 

 

 

 



45 
 

Table 10 

Mean Differences between the Two Evaluation Types 

  Virtual Body Paired Differences 
  Mean SD Mean SD Mean SD 

Overall 5.08 0.86 4.30 1.39 0.78 1.42 

Front Waistband 5.57 0.93 5.65 1.21 -0.08 1.12 

Back Waistband 5.65 1.01 5.73 1.07 -0.08 1.16 

Abdomen 5.11 1.20 4.11 1.59 1.00 1.43 

Hip 5.30 1.35 4.92 1.21 0.38 1.59 

Front Thigh 5.35 1.36 4.89 1.35 0.46 1.71 

Back Thigh 5.43 1.24 3.97 1.30 1.46 1.46 

Front Crotch 5.11 1.39 3.68 1.43 1.43 1.80 

Back Crotch 5.27 1.19 4.68 1.47 0.59 1.88 

Left Side 4.89 1.15 5.05 1.27 -0.16 1.72 

Right Side 4.89 1.20 5.03 1.30 -0.14 1.75 

Inseam 5.62 1.23 5.16 1.12 0.46 1.19 

Hem 4.46 1.57 3.89 1.51 0.57 1.54 

 

Participant’s Comparison between Fit on the VM and on the PB 

This section describes the results of participant’s own comparisons of fit on the 

VM to fit on the PB. They were asked to rate, on a 7-point scale, how strongly they agree 

or disagree that the pants fit on the body is the same as the fit on the VM.  

The participants gave reasons for their rating on (1) fit evaluation on the VM, (2) 

fit evaluation on the PB, and (3) comparison between the fit on the VM and on the PB. 

The responses were qualitatively analyzed and formed into categories that represent 

similar meanings using the content analysis technique for each fit factor.  

In each section of the fit factors, the table with example statements from 

participants and the visual data are presented, including a computer screen view of the 

VM and a photograph of the participant wearing the pants. The test pants were evaluated 

by the participants on their body in front of a full length mirror. They did not evaluate 

photographs of themselves wearing the pants. The color of the simulated pants matched 
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the test pants color as closely as possible. However, the test pants pictured in the 

photograph presented in the tables are lighter in shade than the actual pants color of the 

real test pants. In addition, the photograph included in this thesis exhibit more contrast 

between the pants and the dark background which does not exactly simulate what 

participants evaluated.  

Independent t-Test by College Major 

There was some concern that clothing design students could more critically 

evaluate fit and appearance of the pants in this study. Therefore, an independent t-Test 

was conducted to test whether the college major of the participant had a relationship with 

the comparison rating of the fit on the VM to the fit on the PB. No significant difference 

existed in the comparison ratings for all the fit factors between the clothing design 

students and non-clothing design students (Table 11). Therefore, the clothing design 

student group and the non-clothing design student group were not separated in further 

analysis of participant comparisons between fit on the VM and on the PB. 
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Table 11 

T-Test for Ratings of Comparison of the Fit on the VM to the Fit on the PB by Clothing 

Design Students and Non-Clothing Design Students 

  Clothing Design  
Non Clothing 

Design  Mean 
Differences 

t 
Sig.                   

(2-tailed) 
  Mean SD Mean SD 

Overall 3.83 1.58 3.95 1.47 -0.11 -0.23 0.82 

Front Waistband 5.78 1.22 5.42 1.54 0.36 0.78 0.44 

Back Waistband 5.94 1.06 5.95 1.18 0.00 -0.01 0.99 

Abdomen 3.56 1.50 4.05 1.75 -0.50 -0.93 0.36 

Hip 5.22 1.35 5.11 1.29 0.12 0.27 0.79 

Front Thigh 4.56 1.85 4.47 1.39 0.08 0.15 0.88 

Back Thigh 3.56 2.15 3.58 1.35 -0.02 -0.04 0.97 

Front Crotch 3.28 1.56 3.74 1.88 -0.46 -0.80 0.43 

Back Crotch 4.67 1.53 4.89 1.41 -0.23 -0.47 0.64 

Left Side 4.22 1.73 5.00 1.63 -0.78 -1.41 0.17 

Right Side 4.11 1.68 5.00 1.63 -0.89 -1.63 0.11 

Inseam 5.56 1.79 6.05 0.62 -0.50 -1.14 0.26 

Hem 5.83 1.47 5.42 1.39 0.41 0.88 0.39 
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Summary of Participant’s Comparison between Fit on the VM and on the PB 

A summary of participants’ comparisons between fit on the VM and fit on the PB 

is presented in figure 9. The number in the circle indicates frequency for the rating scale. 

A larger circle indicates a greater frequency. In depth results for each factor are reported 

in the following sections. 

 

 

Figure 9. Comparison between Fit on the VM and on the PB at Fit Factors  

Overall: Descriptive Statistics 

The mean rating of “overall fit” was 3.89 (Table 12). Approximately 43% (n=16) 

of the participants rated “agree somewhat” (n=9, 24.32%) or “agree” (n=7, 18.92%), and 
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approximately 51% (n=19) of the participants rated “disagree somewhat” (n=12, 

32.43%), “disagree” (n=6, 16.22%), or “strongly disagree” (n=1, 2.70%). The results 

show that a little less than half of the participants thought that fit representation of virtual 

simulation was similar to the actual fit, and about half perceived a difference.  

 

Table 12 

Comparison of Overall Fit  

Rating Overall Fit Frequency Percent Mean SD 

1 Strongly Disagree    1 2.70 3.89 1.51 

2 Disagree                      6 16.22 
 

  

3 Disagree Somewhat 12 32.43 
 

  

4 Neutral 2 5.41 
 

  

5 Agree Somewhat 9 24.32 
 

  

6 Agree 7 18.92 
 

  

7 Strongly Agree 0 0.00 
 

  

  Total 37 100     

 

Front and Back Waistband: Descriptive Statistics 

The mean rating of the “front waistband” comparison was 5.59 (Table 13). About 

81% of the participants said they “agree somewhat,” “agree” or “strongly agree” that the 

front waistband fit on the VM and fit on their body were the same. More specifically, 

35.14 % (n=13) rated “agree,” 29.73% (n=11) rated “strongly agree,” and 16.22% (n=5) 

rated “agree somewhat.” Six participants (16.22%) said “disagree somewhat” that the fit 

of the two pants was the same. No participants rated the comparison as “strongly 

disagree” or “disagree.” The results imply that the front waist fit representation of the 

virtual simulation was quite accurate in representing the real fit.  

The mean rating of the “back waistband” comparison was 5.95 (Table 14). Except 

for the three participants (8.11%) who rated “disagree somewhat,” all the participants 

said they “agree somewhat,” “agree” or “strongly agree” that the fit on the VM and the fit 
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on the PB fit looked the same. More specifically, 45.95 % (n=17) rated “agree,” 32.43% 

(n=12) rated “strongly agree,” and 13.51% (n=5) rated “agree somewhat.” Similar to the 

front waistband, the results imply that the back waistband fit of the virtual simulation was 

fairly accurate in representing the real fit.  

 
 
Table 13 

Comparison of Front Waistband Fit  

Rating Front Waistband Frequency Percent Mean SD 

1 Strongly Disagree    0 0.00 5.59 1.38 

2 Disagree                      0 0.00 
 

  

3 Disagree Somewhat 6 16.22 
 

  

4 Neutral 1 2.70 
 

  

5 Agree Somewhat 6 16.22 
 

  

6 Agree 13 35.14 
 

  

7 Strongly Agree 11 29.73 
 

  

  Total 37 100     

 

 

Table 14 

Comparison of Back Waistband Fit  

Rating Back Waistband Frequency Percent Mean SD 

1 Strongly Disagree    0 0.00 5.95 1.10 

2 Disagree                      0 0.00 
 

  

3 Disagree Somewhat 3 8.11 
 

  

4 Neutral 0 0.00 
 

  

5 Agree Somewhat 5 13.51 
 

  

6 Agree 17 45.95 
 

  

7 Strongly Agree 12 32.43 
 

  

  Total 37 100     

 
 



 

Front and Back Waistband

 

Table 15 

Waistband Fit Evaluation on the VM and PB by Participants 

Participant 
Waistband Fit evaluation       

on the VM

Participant 
No. 18 

 

FWB: "It looks like it fits on a 
good spot" (Rating: 6, Good 
Fit).  
 

BWB: "It does not gap in the 
center back, which I like" 
(Rating: 6, Good Fit). 

Participant 
No. 07 

 

FWB: "Does not look there is 
too much gap" (Rating: 6, 
Good Fit).  
 

BWB: "Deeps down in the 
center back. It is issue with 
my other pants" (Rating: 4, 
Average Fit).  
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Front and Back Waistband: Qualitative Analysis 

Waistband Fit Evaluation on the VM and PB by Participants  

Waistband Fit evaluation       
on the VM 

Waistband Fit evaluation     
on the PB 

Comparison of the      
Fit on the VM and PB

 

"It is almost exactly the 
same. It hits the same 
spot. Skim over the 
same way" (Rating: 7, 
Strongly Agree). FWB: "It looks like it fits on a 

good spot" (Rating: 6, Good 
"It's good. It's comfortable" 
(Rating: 6, Good Fit).  
 

"Same 
waistband" (Rating: 7,  
Strongly Agree)

BWB: "It does not gap in the 
center back, which I like" 
(Rating: 6, Good Fit).  

"It gaps open little bit but not 
much" (Rating: 5, Above 
Average Fit).  
 

"Virtual model is more 
V shape. But the 
position and the fit is 
same. Just shape a little 
different" (Rating: 5, 
Somewhat Agree). FWB: "Does not look there is 

too much gap" (Rating: 6, 
"It is snug. But it still fits" 
(Rating: 7, Excellent Fit).  
 

"Position looks about 
the same. It is a lot 
straighter in real but it 
does deep down in real 
too" (Rating: 6, Agree). BWB: "Deeps down in the 

center back. It is issue with 
my other pants" (Rating: 4, 

 

"Center back could be more 
parallel. Shape of waistband 
looks nice. It fits curve of my 
back" (Rating: 6, Good Fit).  

Comparison of the      
Fit on the VM and PB 

"It is almost exactly the 
same. It hits the same 
spot. Skim over the 
same way" (Rating: 7, 
Strongly Agree).  

"Same reason as front 
waistband" (Rating: 7,  
Strongly Agree) 

"Virtual model is more 
V shape. But the 
position and the fit is 
same. Just shape a little 
different" (Rating: 5, 
Somewhat Agree).  

"Position looks about 
the same. It is a lot 
straighter in real but it 
does deep down in real 
too" (Rating: 6, Agree).  



 

Table 15 (continued) 

Participant 
No. 24 

 

FWB: "It fits and it doesn't 
really dig into my stomach" 
(Rating: 5, Above Average 
Fit).  

Participant 
No. 13 

 

BWB: "Smooth. It's straight"                
(Rating: 6, Good Fit). 

 

Several categories emerged

and back waistband fit evaluation on the VM and on the PB and their comparison 

between the waistband fit on the VM and on the PB. The following 

upon participant waistband fit evaluations on the VM. 

 

(1) Looseness / tightness

• The waistband 

or too loose,” 

•  The waistband 

• The waistband 
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"It's tighter than the 
virtual image" (Rating: 
3, Somewhat 
Disagree). 

FWB: "It fits and it doesn't 
really dig into my stomach" 
(Rating: 5, Above Average 

"It doesn't fit great but it's a 
lot better than most high-waist 
pants that I buy" (Rating: 5, 
Above Average Fit) .  
 

"It is lower [on the 
body] than what it is 
here [virtual model], 
but it looks the same 
and it feels ok" 
(Rating: 5, Somewhat 
Agree). BWB: "Smooth. It's straight"                

(Rating: 6, Good Fit).  
"Comfortable" (Rating: 6, 
Good Fit).  

categories emerged by examining the participant responses to the 

and back waistband fit evaluation on the VM and on the PB and their comparison 

between the waistband fit on the VM and on the PB. The following categories

istband fit evaluations on the VM.  

ightness 

he waistband on the VM looks like a good size (includes “It 

 and “there is no gap”): major sub-category. 

he waistband on the VM holds everything in (includes “there is no bump

The waistband on the VM looks loose (includes “it is gapping

"It's tighter than the 
virtual image" (Rating: 
3, Somewhat 
Disagree).  

"It is lower [on the 
body] than what it is 
here [virtual model], 
but it looks the same 
and it feels ok" 
(Rating: 5, Somewhat 
Agree).  

examining the participant responses to the front 

and back waistband fit evaluation on the VM and on the PB and their comparison 

categories are based 

 is not too tight 

there is no bump”).  

it is gapping”). 
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(2) Shape 

• The waistband on the VM forms to the body (includes “smooth fit,” “good 

fit,” and “looks nice”). 

• The waistband on the VM dips down in the center back and front.  

(3) Position 

• The waistband position on the VM looks good: major sub-category.  

• The waistband position on the VM looks too high.  

• The waistband position on the VM looks too low.  

• The waistband position on the VM is higher as the sizes become smaller.  

(4) Comfort 

• The waistband on the VM looks comfortable.  

 

Many participants commented that the waistband fit on the VM did not look too 

tight or too loose. In terms of looseness and tightness, the participants were particularly 

concerned about two aspects of the fit: First, many participants were examining whether 

there was gapping at the center of the waistband; especially in the center back. Most were 

pleased that there was no gapping in the center back or front with comments such as “the 

back, it doesn’t come out, where it usually does.” Only two people were concerned that it 

might be too loose at the center back because it looked like there was gapping. Second, 

several participants discussed that the waistband did not look too tight and the waistband 

looked like it was holding everything in. This was expressed by several different 

statements including “there is no bump,” “nothing is spilling out,” “it’s not giving me 

love handles,” “my skin is not balling out on top” and “fat is not sticking out.” 

Surprisingly, nobody stated that the waistband looked too tight on the VM. 

In terms of the waistband shape, many participants commented with positive 

statements such as “looks good and comfortable,” “looks nice over body,” and “seems to 

fit smoothly.” Some participants commented the reason for their fit rating was because 

the center of the waistband curved down on the VM.  To some people this was a positive 

factor when judging fit with comments like “curve looks very good. The way it goes 
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down,” and to some people it was a negative factor with comments like “I don’t like how 

it curves down. It will affect me when I sit down.”  

Before the evaluation began, the participants were informed that the test pants 

were not a low-rise style and were asked to keep that in mind during the fit evaluation. 

Most of those who commented on the waistband position said it was on the right spot of 

their virtual body. In addition, one participant reported an interesting finding in the 

virtual simulation that the waistband position became higher as the sizes became smaller 

when she was shown the range of sizes to select before evaluation began. Whether this 

was visible on other virtual bodies was not mentioned by any other participants.  

The following categories are based upon the participant fit evaluations on the PB.  

 

(1) Looseness / tightness: major category 

• The waistband on the PB is a good size (includes “It is not too tight or too 

loose,” and “there is no gap”): major sub-category. 

• The waistband on the PB is tighter than the expectation.  

• The waistband on the PB is looser than the expectation (includes “there is 

gapping at the center back”).  

(2) Shape 

• The waistband on the PB forms to the body (includes “smooth fit,” “good fit,” 

and “looks nice”): major sub-category. 

• The waistband on the PB dips down slightly in the center back and front.  

(3) Comfort 

• The waistband feels comfortable on the PB.  

 

When the participants evaluated the waistband of test pants fit on their body, 

looseness or tightness were the most commonly cited reasons for their quantitative 

ratings. Many participants commented that the waistband fit on their body had adequate 

amount of ease so the pants were not too tight or loose. Several participants specifically 

commented that they liked that there was no gap in the center back of the waistband, 
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which was unusual for them. A couple of participants were not satisfied with the 

looseness or tightness. A few said it was tighter than they expected because the waistband 

was compressing their body and the ‘belly was sticking out.’ A few said it was looser 

than they expected because there was gapping at the center back. Four participants made 

comments on the tactile feeling of the fit and all of them said it was comfortable.  

Some participant comments were about the waistband shape and almost all of 

them gave positive comments, because it formed to the body well and laid on the body 

smoothly and nicely. Comments on the dipping down of the waistband center were fewer 

compared to the numbers of such comments on the VM. Two commented that the 

waistband curved down at the center back and one participant liked the shape and the 

other participant disliked the shape.  

The following categories of reasons were found when participants compared the 

waistband of pants simulation and the real pants on their body.  

 

(1) Looseness / tightness 

• The looseness and tightness of the waistband are the same/similar on the VM 

and on the PB: major sub-category.  

• The waistband fit on the VM is tighter than on the PB.  

• The waistband fit on the VM is looser than on the PB.  

(2) Shape 

• The waistband shape on the VM and on the PB look the same (includes “both 

fits are nice and even”). 

• The waistband on VM dips down more in the center than on the PB: major 

sub-category.  

(3) Position 

• The waistband positions on the VM and on the PB look the same: major sub-

category.   

• The waistband on the VM is higher than on the PB.  
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Many participants said the two waistbands looked the same in terms of shape, 

position, and looseness/tightness with slight differences. One participant who rated 

“strongly agree” said of the front waistband: 

 

“It is almost exactly the same. It hits the same spot. Skims over the same way” 
(See participant no. 18 on Table 15). 
 

Generally the virtual simulation seems to shows quite an accurate representation 

of looseness and tightness for the waistband. Many participants thought that the 

looseness/tightness of the waistband on the VM was similar to the real pants.  A couple 

of participants mentioned that the waistband on the VM looked tighter or looser when 

compared to the real pants. As reported above, during fit evaluation on the VM, nobody 

commented that the waistband looked too tight on the VM. It is likely that because the 

scanned model is a solid model which does not have capability of compressing flesh, 

even when the pants are tight, it conforms to the body rather than showing the “belly 

sticking out” (See participant no. 24 on Table 15). 

Many participants said the position of the waistband fell on the body in the same 

location, however, some participants commented that the waistband on the VM was “a 

lot” or “slightly” higher than the waistband on the PB (See participant no. 13 on Table 

15). 

Concerning the waistband shape, the “dipping down” at the center of the 

waistband on the VM was consistently found to be different because the waistband shape 

on the PB was straighter.  Some example statements were as follows: 

 

“Virtual model is more V shaped. But the position and the fit are the same. Just 
shaped a little different” (Rating: 5, Agree Somewhat). 
 
“The only reason why I don’t agree strongly is the pants that I’m wearing do not 
dip as much as the virtual model. But they both dip” (Rating: 5, Agree 
Somewhat). 
 

Except for the difference in the dipping down, participants said both fit on the 

VM and PB showed “nice and even” waistband shape.  
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Abdomen: Descriptive Statistics  

The mean rating of the “abdomen” comparison was 3.81 (Table 16). 

Approximately 57% of the participants rated “disagree somewhat” (32.43%, n=12) or 

“disagree” (24.32%, n=9). Approximately 35% of the participant rated “agree 

somewhat,” “agree,” or “strongly agree.” More specifically, 16.22 % (n=6) rated “agree 

somewhat,” 10.81% (n=4) rated “agree” and 8.11% (n=3) rated “strongly agree.” The 

results show that more participants thought the fit representation at the abdomen area on 

the VM was different from the real fit on the PB.  

 

Table 16 

Comparison of Abdomen Fit  

Rating Abdomen Frequency Percent Mean SD 

1 Strongly Disagree    0 0.00 3.81 1.63 

2 Disagree                      9 24.32 
 

  

3 Disagree Somewhat 12 32.43 
 

  

4 Neutral 3 8.11 
 

  

5 Agree Somewhat 6 16.22 
 

  

6 Agree 4 10.81 
 

  

7 Strongly Agree 3 8.11 
 

  

  Total 37 100.00     

 

 

 

 

 

 

 

 



 

Abdomen: Qualitative Analysis

 

Table 17 

Abdomen Fit Evaluation on the VM and PB by Participants 

Participant 
Abdomen Fit 

on the VM

Participant 
No. 12  

 

"It fits the body. It's not 
sticking out. It's not too tight. 
It's not pulling anywhere" 
(Rating: 6, Good Fit).

Participant 
No. 17  

 

"Just because this kind of 
puckers. Like right in this area.  
Kind of looks like an indent" 
(Rating: 6, Good Fit). 

Participant 
No. 14  

 

"It does not look baggy" 
(Rating: 5, Above Average 
Fit).  
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Abdomen: Qualitative Analysis 

Abdomen Fit Evaluation on the VM and PB by Participants  

Abdomen Fit evaluation       
on the VM 

Abdomen Fit evaluation       
on the PB 

Comparison of the Fit 
on the VM and PB

 

"There are creases here 
[PB] that doesn't show 
there [VM]" (Rating: 3, 
Disagree Somewhat). 

"It fits the body. It's not 
sticking out. It's not too tight. 
It's not pulling anywhere" 
(Rating: 6, Good Fit). 

"It looks like in the front 
here, there is some pulling 
down here. Maybe it's extra 
fabric? There are some 
lines" (Rating: 3, Below 
Average Fit).  
 

"It is pretty much the 
same but there is 
probably a few more 
wrinkles" (Rating: 5, 
Agree Somewhat). 

"Just because this kind of 
puckers. Like right in this area.  
Kind of looks like an indent" 
(Rating: 6, Good Fit).  

"There are a few spots, 
where it seems to be little 
bit of extra fabric. It is not 
too tight or anything or way 
too loose" (Rating: 4, 
Average Fit).  
 

"On the 
looks it is going to be 
tight, but it is not on the 
pants" (Rating: 3, 
Disagree Somewhat). 

"It does not look baggy" 
(Rating: 5, Above Average 

"It could fit a little bit better. 
There is extra fabric. But it 
is still comfortable" (Rating: 
4, Average Fit).  

Comparison of the Fit  
on the VM and PB 

"There are creases here 
[PB] that doesn't show 
there [VM]" (Rating: 3, 
Disagree Somewhat).  

"It is pretty much the 
same but there is 
probably a few more 
wrinkles" (Rating: 5, 
Agree Somewhat).  

"On the virtual model, it 
looks it is going to be 
tight, but it is not on the 
pants" (Rating: 3, 
Disagree Somewhat).  



 

Table 17 (continued) 

Participant 
No. 27 

 

  

 

"Perfect from the picture. 
Because I don't see any 
wrinkles and it means just the 
right size" (Rating: 7, 
Excellent Fit). 

 
Several categories emerged

abdomen fit evaluation on the VM and on the PB

abdomen fit on the VM and on the PB. The following 

participant fit evaluations on the VM.

 

(1) Fabric depiction: 

• The abdomen 

indicates that the pants are a good size

• The abdomen 

(2) Looseness/tightness

• The abdomen 

• The abdomen 

• The abdomen 

or loose”). 

(3) Overall fit 

• The abdomen 

(4) Comfort 

• The abdomen on the VM looks comfortable.
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"It looks more loose 
than what I see from the 
picture. But it still is 
good" (Rating: 6, 
Agree). 

"Perfect from the picture. 
Because I don't see any 
wrinkles and it means just the 
right size" (Rating: 7,  
Excellent Fit).  

"Just the right size. Close to 
my body" (Rating: 7, 
Excellent Fit).  

categories emerged by examining the participant responses to the 

abdomen fit evaluation on the VM and on the PB, and their comparison between the 

abdomen fit on the VM and on the PB. The following categories are based upon the 

participant fit evaluations on the VM. 

: major category  

 does not have any wrinkles and looks smooth on the VM, which 

indicates that the pants are a good size: major sub-category. 

 on the VM has some wrinkles. 

Looseness/tightness 

 on the VM looks loose. 

 on the VM looks tight.   

 on the VM look like a good size (includes “does not look tight 

 on the VM fits well and looks good overall.  

The abdomen on the VM looks comfortable. 

"It looks more loose 
than what I see from the 
picture. But it still is 
good" (Rating: 6, 
Agree).  

examining the participant responses to the 

and their comparison between the 

are based upon the 

does not have any wrinkles and looks smooth on the VM, which 

 

does not look tight 
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Most of the participants gave positive comments about the abdomen fit on the 

VM, and these participants selected 5 or higher fit ratings. Some participants simply 

commented in general terms like “it fits well,” “it looks good,” and “it looks 

comfortable.” More than half of the participants responded with specific reasons why the 

abdomen fit on the VM looked like a good size. The main reason for the evaluation was 

because the abdomen area did not have any wrinkles or pulling and it looked smooth over 

the virtual body.  

Some participants expressed their dissatisfaction with abdomen fit on the VM for 

the following reasons: Three participants said the abdomen fit looked or might look 

loose. Another three participants said the abdomen fit looked or might look tight. Some 

participants said the wrinkles or the puckering on the abdomen area bothered them. Some 

participants associated the wrinkles with tightness and some people with looseness. The 

cause of wrinkles was uncertain to some people because they were not sure if the 

wrinkles indicated that there was a gap between the pants and the body, or if there was 

pulling because the pants were tight. An example statement is as follows:  

 

“I can’t tell if that is loose or if it is just how my stomach is. It looks like it might 
be loose, so ‘Average.’ Because I don’t think my stomach sticks out that far from 
there. I don’t know for sure” (Rating: 4, Average Fit).  
 

One participant commented that the wrinkles might be associated with her 

underwear: “A little bit of puckering. I’m not sure if it is my underwear.” The researcher 

examined several body scans and noticed that in some cases the participant panties were 

compressing the body when they were scanned; this made indentations on the scan and 

the indentation was visible even after pants simulation if the simulation was tight.  

The following categories are based upon the abdomen fit evaluations on the PB 

by the participants.  

 

(1) Fabric depiction: major category  

• The abdomen on the PB has many wrinkles: major sub-category. 

• The abdomen on the PB has extra fabric: major sub-category. 
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(2) Looseness/tightness 

• The abdomen on the PB is loose: major sub-category. 

• The abdomen on the PB is a good size. 

(3) Overall fit 

• The abdomen on the PB fits well and looks good overall.  

(4) Comfort 

• The abdomen on the PB feels comfortable. 

 

Approximately two-thirds of the participants spoke fairly negatively about the 

abdomen fit, and most of these participants selected a quantitative rating of 4 or lower. 

Three major categories were given as reasons: First, there were a lot of wrinkles. Second, 

there was a lot of extra fabric. And third, the abdomen area was loose. The three reasons 

appeared to be inter-related since some of these participants stated two of the three 

categories together. For example, they felt the abdomen was a little loose because there 

were many creases or the extra fabric created wrinkles. On the other hand, the tight 

abdomen fit was perceived as a problem for only one participant.  

Approximately one-third of the participants spoke positively about the abdomen 

fit on the body for three main reasons: First, it was not too tight or too loose, therefore, it 

was a good size. Second, they felt comfortable. And third, the abdomen was relatively 

flat and smooth with just slight wrinkles. For these reasons, they selected a quantitative 

rating of 5 or higher. 

The following categories of comments were found when participants compared 

the abdomen fit on the VM and on the PB.  

 

(1) Fabric depiction  

• The abdomen on the VM does not have wrinkles and looks very smooth, 

while abdomen on the PB has many wrinkles: major sub-category. 

• The abdomen on the VM and on the PB has wrinkles but it is more obvious on 

the PB.  
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(2) Looseness/tightness 

• The abdomen fit on the VM looks tighter than on the PB: major sub-

category. 

• The abdomen fit on the VM and on the PB are approximately the same sizes. 

(3) Overall fit 

• The abdomen fit on the VM and on the PB look the same in general.  

• The abdomen fit on the VM and on the PB has the same feeling.  

 

Many participants discussed the differences between the abdomen fit on the VM 

and on the PB. Two major differences were described: first, the abdomen fit on the VM 

looked tighter than the actual fit on the PB, and second, the fabric simulation was laying 

smoothly on the VM, but many wrinkles were visible on the PB. For these reasons, most 

gave ratings from 2 to 4. An example comment is as follows: 

 

“I guess you can’t see the wrinkles of the fabric. It kind of looks the same. It 
looks like kind of the same fit. But you don’t see fabric” (Rating: 4, Neutral). 
 
“I did kind of notice it is little bit loose. But once I have it on, it is even looser” 
(Rating: 5, Agree Somewhat).  
 

All three participants who previously commented that the abdomen fit looked 

tight or might be tight during fit evaluation on the VM said that the size was good on the 

PB. These cases also reflect looser PB fit than VM fit even though the participants did 

not explicitly comment on this.  

Some participants said the abdomen fit on the VM and on the PB looked similar 

or compatible because “the same issues were presented,” “no wrinkles were presented on 

both VM and PB,” and “they looked about the same size.” Some participants commented 

that the overall appearances were similar; however, fit on the PB was less form fitting 

than the fit on the VM, and less wrinkles were visible on the VM. For example, two 

participants explained that there was a little shadow and “bumpiness” that represented 

wrinkles on the VM, but there were more creases on the PB.  
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Hip: Descriptive Statistics 

The mean rating of the “hip” comparison was 5.16 (Table 18). Approximately 

70% of the participants rated this area as “agree (40.54%, n=15),” “agree somewhat 

(18.92%, n=7),” or “strongly agree (10.81%, n=4).” Approximately 14% of the 

participants rated this area “disagree somewhat (10.81%, n=4),” or “disagree (2.70%, 

n=1).” The results imply that hip fit representation of the virtual simulation was fairly 

accurate in representing the real fit. 

 

Table 18 

Comparison of Hip Fit  

Rating Hip Frequency Percent Mean SD 

1 Strongly Disagree    0 0.00 5.16 1.30 

2 Disagree                      1 2.70 
 

  

3 Disagree Somewhat 4 10.81 
 

  

4 Neutral 6 16.22 
 

  

5 Agree Somewhat 7 18.92 
 

  

6 Agree 15 40.54 
 

  

7 Strongly Agree 4 10.81 
 

  

  Total 37 100.00     

 

 

 

 

 

 

 

 

 

 

 



 

Hip: Qualitative Analysis

 
 
Table 19 

Hip Fit Evaluation on the VM and PB by Participants 

Participant 
Hip Fit evaluation                

on the VM

Participant 
No. 26 

 

"Because of smooth lines" 
(Rating: 6, Good Fit). 

Participant 
No. 25 
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Hip Fit Evaluation on the VM and PB by Participants  

Hip Fit evaluation                
on the VM 

Hip Fit evaluation                
on the PB 

Comparison of the             
Fit on 

 

"They both look good, 
so I would strongly 
agree. They are both 
straight on the side and 
the back. It fits pretty 
well on the hip" 
(Rating: 7, Strongly 
Agree). 

"Because of smooth lines" 
(Rating: 6, Good Fit).  

"Pretty smooth [side view]. 
Back view also smooth" 
(Rating: 4, Average Fit).  
 

"Same thing. It show
less on actual pants 
than on the model. It is 
little more form fitting 
there" (Rating: 5, 
Agree Somewhat). 

Comparison of the             
Fit on the VM and PB 

"They both look good, 
so I would strongly 
agree. They are both 
straight on the side and 
the back. It fits pretty 
well on the hip" 
(Rating: 7, Strongly 
Agree).  

"Same thing. It shows 
less on actual pants 
than on the model. It is 
little more form fitting 
there" (Rating: 5, 
Agree Somewhat).  



 

Table 19 (continued) 

 

"I don't like that you can see 
like my leg fat coming out. I 
prefer that it would be little 
more disguised. Most of the 
pants don't really cover it 
anyway but some I feel like 
less noticeable" (Rating: 3, 
Below Average Fit). 

Participant 
No. 15 

 

"Side hip I don't like the 
curve. I don't like that it shows 
every curve. I guess it is too 
tight" (Rating: 4, Average 
Fit).  

 
  

Several categories emerged

evaluation on the VM and on the PB

and on the PB. The following 

the VM.  

 

(1) Shape: major category

• The hip shape

nicely”): major sub
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"I don't like that you can see 
like my leg fat coming out. I 
prefer that it would be little 
more disguised. Most of the 
pants don't really cover it 
anyway but some I feel like 
less noticeable" (Rating: 3, 
Below Average Fit).  

"It is kind of tight in some 
areas. Feels a little 
uncomfortable. The shape…it 
is ok. I think it is better than I 
thought it is going to be. It is 
not form fitting to my body 
and it stands out little more" 
(Rating: 3, Below Average 
Fit).   

 

 

"Little looser on my 
body than the image. 
Shape is better on me 
than the image" 
(Rating: 3, Disagree 
Somewhat). 

"Side hip I don't like the 
curve. I don't like that it shows 
every curve. I guess it is too 
tight" (Rating: 4, Average 

"Hips are fine. It is not tight. 
Feels comfortable. Shape is 
ok" (Rating: 4, Average Fit).  

categories emerged by examining the participant responses to the hip fit 

evaluation on the VM and on the PB, and their comparison between the hip fit on the VM 

and on the PB. The following categories are based upon participant hip fit evaluations on 

major category 

hip shape on the VM forms to the body (includes “shows body curve 

major sub-category. 

"Little looser on my 
body than the image. 
Shape is better on me 
than the image" 
(Rating: 3, Disagree 
Somewhat).  

examining the participant responses to the hip fit 

and their comparison between the hip fit on the VM 

are based upon participant hip fit evaluations on 

shows body curve 
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• The hip shape on the VM looks even and smooth (includes “no wrinkles or 

pulling”). 

• Indentation on the side hip on the VM does not look good.  

(2) Looseness / tightness: major category  

• The hip on the VM looks like a good size (includes “It is not too tight or 

loose”): major sub-category. 

• The hip on the VM looks too tight.  

• The hip on the VM looks too loose.  

• Evaluating looseness and tightness of the hip on the VM is difficult.  

(3) Comfort 

• The hip on the VM looks comfortable.  

 

Among the participants who quantitatively rated “good fit” or “excellent fit” for 

hip evaluation, shape category was the most commonly cited reason for their rating. 

Many participants liked the hip area of the pants simulation because it looked even and 

smooth without any wrinkles or pulling (See Table 19, participant no. 26). Some 

participants also liked the fact that the simulated pants formed to the body and showed 

the body curve nicely.  

Many were also concerned about looseness and tightness of the hip area. Of those 

who commented on the looseness and tightness, about half of the participants said that 

the hip fit on the VM looked like it had appropriate amount of looseness and tightness. A 

few participants said they could not tell if it was too loose or tight by looking at the VM. 

Of those who thought the VM looked too tight, one participant came to the conclusion 

because the sideseams on the side hip area were not straight.  

Several participants complained that they did not like the indentation on the side 

hip and did not want to see every curve of the body (See Table 19, participant no. 25 and 

no. 15). Because of the indentation, some thought that the pants might be too tight and 

one participant thought that it could be because of construction of her underwear. 

Another participant just blamed her body shape. Some example comments are: 
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 “Side hip I don’t like the curve. I don’t like that it shows every curve. I guess it is 
too tight” (Rating: 4, Average Fit). 
 
“I don’t know if it is too tight or it is underwear I’m wearing or it is my body” 
(Rating: 3, Below Average Fit). 
 
“I think it looks good. But right here kind of goes in. It looks funny to me. But 
that’s how my body is” (Rating: 6, Good Fit). 
 

One participant commented that “it looks comfortable,” but no further question 

was asked to find out what her evaluation was based upon.  

The following categories are based upon the hip fit evaluations on the PB.  

 

(1) Looseness / tightness: major category 

• The hip on the PB is a good size (includes “It is not too tight or loose”): 

major sub-category. 

(2) Shape: major category 

• The hip shape on the PB forms to the body (includes “shows right curve”): 

major sub-category.  

• There is no/slight indentation on the side hip on the PB.  

(3) Comfort 

• The hip on the PB feels comfortable.  

• The hip on the PB feels uncomfortable because it is tight.  

 

When participants evaluated test pants on their body, many participants 

commented that the pants were not too loose or tight and a good size around the hip. Four 

participants specifically commented on the tactile feeling of the pants. Three of these 

were positive with comments like “it’s comfortable,” “easy to move,” and “feels good,” 

and one of them was negative with a comment like “uncomfortable because tight.” 

Many participants said that the pants on the body had good shape based on 

various reasons. Some of the reasons included “it shows right curve,” “it is falling 

straight,” and “seam is straight,” Complaints about the indentation on the side hip were 
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fewer compared to the numbers of such comments on the VM; however, two participants 

continued to comment that the indentation was bothering them. “Even and smooth” was 

another characteristic that a couple of participants liked about the fit. Only one participant 

complained about the winkles.  

The following categories are based on participant comparisons between the hip fit 

on the VM and on the PB. 

 

(1) Shape 

• The hip shape on the VM and on the PB look the same (includes “overall 

silhouette is captured on the VM” and “same smoothness”): major sub-

category.  

• The indentation on the side hip is less on the PB than on the VM: major sub-

category.  

(2) Looseness / tightness 

• The looseness and tightness of the hip are the same/similar on the VM and on 

the PB: major sub-category.  

• The hip on the VM looks tighter than on the PB. 

 

In the quantitative analysis, approximately half of the participants rated “agree” or 

“strongly agree” that the fit on the VM and on the PB look the same. Many of their 

comments were about the shape category such as “they [the fit on the VM and on the PB] 

are both straight on the side and the back,” “skim over the body in the same way,” and 

“both look smooth” (See participant no. 26 on Table 19). Two participants stated that 

“the indentation on the side hip looks the same.” A few participants said that their reason 

why the fit on the VM and the fit on the PB looked the same was because both fits had 

the same looseness and tightness.  

Some did not give detailed comments for their reasons for the ratings but simply 

said they looked the same or similar. From the responses, it is likely that most of the 

participants perceived that the overall hip silhouette on the VM and on the PB was 
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similar. One participant said that it was hard to tell the looseness and tightness from the 

VM, but overall the fit of the two was the same. 

Those who quantitatively rated “5 (agree somewhat)” to “2 (disagree)” gave more 

specific reasons. Almost all of them commented that overall it looked about the same, but 

pants on the VM looked tighter than they actually were on the PB. Several reasons 

supported their opinion like “side seam was straight on the body when it was not straight 

on the virtual model” and “indentation on the side hip being hidden on the body.” Two 

participants said that they could see every curve of the body on the VM, but it is more 

disguised on the PB. Among those people who were concerned about the indentation on 

the side hip during the fit evaluation on the VM, most of them later noticed that the 

indentation was hidden or was shown less on the real pants; because of this difference, 

they perceived the actual pants fit on the PB better than the fit on the VM.  

Front and Back Thigh: Descriptive Statistics 

The mean rating of the “front thigh” comparison was 4.51 (Table 20). Most 

responses were (27.03%, n=10) “neutral” for this comparison. Approximately 45% of the 

participants selected “agree (24.32 %, n=9),” “agree somewhat (10.81%, n=4),” or 

“strongly agree (10.81%, n=4).” The results may imply that there were both positive and 

negative factors in fit representation at the front thigh of the virtual simulation so that 

many participants were neutral in their opinion.  

The mean rating of the “back thigh” comparison was 3.57 (Table 21). 

Approximately 62% of the participants selected ratings that indicated they perceived a fit 

difference. More specifically, 32.43% (n=12) selected “disagree somewhat,” 21.61% 

selected (n=8) “disagree,” and 8.11% (n=3) selected “strongly disagree.” Approximately 

30% of the participants selected agree-ratings. The results imply that back thigh fit 

representation of the virtual simulation was not very accurate in representing the real fit. 
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Table 20 

Comparison of Front Thigh Fit  

Rating Front Thigh Frequency Percent Mean SD 

1 Strongly Disagree    1 2.70 4.51 1.61 

2 Disagree                      3 8.11 
 

  

3 Disagree Somewhat 6 16.22 
 

  

4 Neutral 10 27.03 
 

  

5 Agree Somewhat 4 10.81 
 

  

6 Agree 9 24.32 
 

  

7 Strongly Agree 4 10.81 
 

  

  Total 37 100.00     

 

 

Table 21 

Comparison of Back Thigh Fit  

Rating Back Thigh Frequency Percent Mean SD 

1 Strongly Disagree    3 8.11 3.57 1.76 

2 Disagree                      8 21.62 
 

  

3 Disagree Somewhat 12 32.43 
 

  

4 Neutral 3 8.11 
 

  

5 Agree Somewhat 4 10.81 
 

  

6 Agree 4 10.81 
 

  

7 Strongly Agree 3 8.11 
 

  

  Total 37 100.00     

 

 

 

 

 

 

 



 

Front and Back Thigh: Qualitative Analysis

 
Table 22 

Thigh Fit Evaluation on the VM and PB by Participants 

Participant 
Thigh Fit evaluation                            

on the VM

Participant 
No. 8 

 

Front 
Thigh 

"Don't like the part. If it is a 
trouser pants, it should be 
straight down. It looks like 
between jean and trouser. It 
tries to imitate my body but 
not attractive" (Rating: 3, 
Below Average Fit).
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Front and Back Thigh: Qualitative Analysis 

Thigh Fit Evaluation on the VM and PB by Participants  

Thigh Fit evaluation                            
on the VM 

Thigh Fit evaluation                              
on the PB 

Comparison of the Fit 
on the VM and PB

 

  

"Don't like the part. If it is a 
trouser pants, it should be 
straight down. It looks like 
between jean and trouser. It 
tries to imitate my body but 
not attractive" (Rating: 3, 
Below Average Fit). 

"Does not bunch or bulge. 
It is straight" (Rating: 5, 
Above Average Fit).  

"Virtual model imitates 
body. The actual pants goes 
straight down" (Rating: 2, 
Disagree). 

Comparison of the Fit  
on the VM and PB 

"Virtual model imitates 
body. The actual pants goes 
straight down" (Rating: 2, 
Disagree).  



 

Table 22 (continued) 

Back 
Thigh 

"Little better. It lays a lot 
flatter and smoother" 
(Rating: 4, Average Fit). 

Participant 
No. 39 

 

Front 
Thigh 

"That is generally the part 
for pants for me always way 
too tight" (Rating: 6, Good 
Fit). 

Back 
Thigh 

"Same comments as the 
front thigh" (Rating: 6, 
Good Fit). 
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"Little better. It lays a lot 
flatter and smoother" 
(Rating: 4, Average Fit).  

"It goes down. Still crease 
but does not bunch" 
(Rating: 5, Above Average 
Fit).  

"A lot looser in real. But it 
does go down straight in 
both" (Rating: 5, Agree 
Somewhat).

 

  

"That is generally the part 
me always way 

too tight" (Rating: 6, Good 
"It's definitely not too tight" 
(Rating: 7, Excellent Fit). 

"It looks about the same" 
(Rating: 6, Agree).

"Same comments as the 
front thigh" (Rating: 6, 

"The only thing is it's little 
loose because when I go 
like this, there is big bubble 
here" (Rating: 5, Above 
Average Fit).  

"It's not as contoured as 
here" (Rating: 3, Disagree 
Somewhat).

"A lot looser in real. But it 
does go down straight in 
both" (Rating: 5, Agree 
Somewhat). 

"It looks about the same" 
(Rating: 6, Agree). 

"It's not as contoured as 
here" (Rating: 3, Disagree 
Somewhat). 
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Several categories emerged by examining the participant responses to the thigh fit 

evaluation on the VM and on the PB and their comparison between the thigh fit on the 

VM and on the PB. The following categories are based upon the participant fit 

evaluations on the VM. 

 

(1) Looseness/tightness 

• The thigh on the VM does not look tight or loose: major sub-category. 

• The thigh on the VM looks loose. 

• The thigh on the VM looks tight.  

(2) Shape (Interrelated with  looseness/tightness category) 

• The thigh shape on the VM looks good: major sub-category.  

• The thigh shape on the VM does not look good (includes “not perfect for my 

body shape,” and “I want the shape of my thigh hidden”).  

(3) Fabric depiction  

• The thigh on the VM looks smooth. 

• The thigh on the VM has some wrinkles. 

 

Because the participant discussions for the thigh fit evaluation on the VM were 

similar between front and back thigh, the analysis is combined and presented together in 

this section. Many participants were concerned about looseness and tightness of the front 

and back thigh areas of the participants. More than half of those participants who were 

concerned with this category commented that the front and back thigh fit on the VM 

showed a good size and did not look too loose or too tight. One participant said that 

formal pants were not supposed to be tight, and she was satisfied that the pants did not 

look too tight on the VM. Two participants said that they did not find any obvious 

wrinkles on the VM, which they regarded as an indication of a good size at the thigh area. 

One participant said that the thigh did not look too loose or too tight because the pants 

showed a nice straight fall.  
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Many participants were concerned with the shape of the thigh area. The shape 

category and looseness/tightness category were often interrelated in the participant 

comments. Preferences of the pants shape were different from participant to participant. 

Some participants preferred to have their body shape shown more and therefore evaluated 

the tighter pants simulation better. Some participants preferred that their body shapes 

were disguised. These participants preferred that the pants were loose and fell straight 

rather than following the contour of their body.  

Wrinkles were another category that was emerged from the front and back thigh 

fit evaluation on the VM. Most of those who commented about fabric depiction category 

said that no wrinkles were apparent on the front and back thigh areas. However, there 

were four participants who said that they could see the wrinkles or bunching on the back 

thigh, and they gave lower fit ratings for this reason. 

The following categories are based upon the thigh fit evaluations on the PB.  

 

(1) Fabric depiction  

• The thigh on the PB has many wrinkles: major sub-category. 

(2) Looseness/tightness 

• The thigh on the PB is loose: major sub-category. 

• The thigh area on the PB does not look tight or loose. 

 

Unlike the fit evaluation on the VM, participant responses for the fit evaluation on 

the PB showed different patterns between front and back thigh. In terms of the looseness 

and tightness category  emerged from the front thigh fit evaluation on the PB, several 

participants said that the front thigh areas were a good size and were not too loose or too 

tight. Approximately equal number of the participants said that the front thigh area was 

too loose and too big. Only two participants said that the front thigh areas were too tight.  

Unlike the front thigh, a discrete pattern was found in the back thigh evaluation in 

terms of the looseness/tightness category. A majority of the participants said that the back 

thigh areas were too loose or a little loose. No participant said that the back thigh was too 

tight, and a couple of participant said that the back thigh areas were a good size.  
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In terms of the fabric depiction category, only one participant was concerned 

about the category during front thigh fit evaluation, and she commented that the front 

thigh area did not bunch or bulge. During back thigh fit evaluation, several participants 

commented that too many wrinkles were showed in the back thigh areas.  

The shape category did not emerge from front and back thigh evaluation on the 

PB. A couple of participants simply commented that overall front and back thigh fit was 

okay or good. 

The following categories of comments were found when participants compared 

the thigh fit on the VM and on the PB.  

 

(1) Fabric depiction  

• The thigh on the VM does not have wrinkles and looks very smooth, while the 

thigh on the PB has many wrinkles (mainly back thigh): major sub-category. 

(2) Looseness/tightness 

• The thigh on the VM looks tighter than on the PB: major sub-category.  

• The thigh areas on the VM and on the PB are approximately the same sizes. 

(3) Shape 

• The thigh on the VM is more contoured shape compared to on the PB. 

 

Several participants commented that the front thigh fit on the VM and PB were 

compatible and looked very similar in shape or in looseness and tightness. Few 

participants gave such comments for the back thigh comparison.  

Many participants discussed the differences between the fit on the VM and PB for 

both front and back thigh. The inaccurate representation of the looseness and tightness 

was the main category that emerged from comparison. Many participants commented that 

the front thigh fit on the VM looked tighter than the fit on the PB. The tighter thigh fit on 

the VM was discussed by a lot more participants for back thigh. Even more participants 

gave such comments that the back thigh fit on the VM looked tighter than the fit on the 

PB.  
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Looser thigh fit on the PB was interrelated with the fabric depiction and the shape 

categories. Several participants were concerned about the fabric depiction on the back 

thigh. Because of the extra fabric and looseness that existed on the back thigh, the 

participants commented that the back thigh had many wrinkles while the fit on the VM 

was smooth. In regards to the shape category, several participants discussed that front and 

back thigh fit on the VM showed more contoured shape compared to the thigh fit on the 

PB. Because they saw a form fitting thigh appearance on the VM, they expected that the 

test pants fit would be tight; however, when they actually tried on the test pants, they felt 

more space between their bodies and the pants.  Example statements regarding the fabric 

depiction and the shape categories are as follows:  

 

“There are a lot of wrinkles. The virtual model does not show that and it looks 
more fitted” (Rating: 3, Disagree Somewhat). 
 
“From the image [VM], it looks like the fabric is up against the leg, where I can 
feel definitely a lot of room” (Rating: 3, Disagree Somewhat). 

Front and Back Crotch: Descriptive Statistics 

The mean rating of the “front crotch” comparison was 3.51 (Table 23). 

Approximately 65% of the participants selected disagree-ratings. More specifically, 

35.14% (n=13) selected “disagree somewhat,” 21.61% selected (n=8) “disagree,” and 

8.11% (n=3) selected “strongly disagree.” Approximately 30% of the participants 

selected agree-ratings. The results imply that front crotch fit representation of the virtual 

simulation was not very accurate in representing the real fit. 

The mean rating of the “back crotch” comparison was 4.78 (Table 24). 

Approximately 65% of the participants selected agree-ratings. More specifically, 29.73% 

(n=11) selected “agree,” 27.03% selected (n=10) “agree somewhat,” and 8.11% (n=3) 

selected “strongly agree.” Approximately 24% of the participants selected disagree-

ratings. The results imply that back crotch fit representation of virtual simulation was 

quite accurate in representing the real fit. 
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Table 23 

Comparison of Front Crotch Fit  

Rating Front Crotch Frequency Percent Mean SD 

1 Strongly Disagree    3 8.11 3.51 1.73 

2 Disagree                      8 21.62   

3 Disagree Somewhat 13 35.14   

4 Neutral 2 5.41   

5 Agree Somewhat 5 13.51   

6 Agree 3 8.11   

7 Strongly Agree 3 8.11   

  Total 37 100     

 

 

Table 24 

Comparison of Back Crotch Fit  

Rating Back Crotch Frequency Percent Mean SD 

1 Strongly Disagree    0 0.00 4.78 1.46 

2 Disagree                      3 8.11 
 

  

3 Disagree Somewhat 6 16.22 
 

  

4 Neutral 4 10.81 
 

  

5 Agree Somewhat 10 27.03 
 

  

6 Agree 11 29.73 
 

  

7 Strongly Agree 3 8.11 
 

  

  Total 37 100     

 

 

 

 

 

 

 



 

Front and Back Crotch: Qualitative 

 
Table 25 

Crotch Fit Evaluation on the VM and PB by Participants

Participant 
Crotch Fit evaluation                            

on the VM

Participant 
No. 6 

 

FCrotch: "It seems like it is 
snug" (Rating: 6, Good Fit). 

 

BCrotch: "It might be little 
bit loose. Wiggly here" 
(Rating: 4,  Average Fit). 

Participant 
No. 32 

 

FCrotch: "It looks pretty 
good. I don't know. It will 
be hard to tell unless you try 
it on if it hangs down a little 
further down than you want. 
It looks like it might. But it 
is hard to tell" (Rating: 6, 
Good Fit).  
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Front and Back Crotch: Qualitative Analysis 

Crotch Fit Evaluation on the VM and PB by Participants 

Crotch Fit evaluation                            
on the VM 

Crotch Fit evaluation                              
on the PB 

Comparison of the Fit 
on the VM and PB

 

"I can see where it is 
placed but does not have 
the wrinkles" (Rating: 5, 
Agree Somewhat). 

FCrotch: "It seems like it is 
snug" (Rating: 6, Good Fit).  

"Might be little low. Weird 
drag line but comfortable" 
(Rating: 5, Above Average 
Fit).  
 

"It has the placement and 
how smooth it will be was 
shown" (Rating: 6, Agree). 

BCrotch: "It might be little 
bit loose. Wiggly here" 
(Rating: 4,  Average Fit).  

"Smooth. Hugging my 
curve" (Rating: Good Fit).  

 

"I kind of suspected it will 
be big [low] from the 
virtual model. But it is 
even more so" (Rating: 3, 
Disagree Somewhat). 

FCrotch: "It looks pretty 
good. I don't know. It will 
be hard to tell unless you try 
it on if it hangs down a little 
further down than you want. 
It looks like it might. But it 
is hard to tell" (Rating: 6, 

"It feels it hangs down a 
little bit. It is too loose" 
(Rating: 2, Poor Fit).  

Comparison of the Fit  
the VM and PB 

"I can see where it is 
placed but does not have 
the wrinkles" (Rating: 5, 
Agree Somewhat).  

"It has the placement and 
how smooth it will be was 
shown" (Rating: 6, Agree).  

"I kind of suspected it will 
be big [low] from the 
virtual model. But it is 
even more so" (Rating: 3, 
Disagree Somewhat).  



 

Table 25 (continued) 

 

 

BCrotch: "It looks fine" 
(Rating: 7, Excellent Fit). 

 

Several categories emerged

and back crotch fit evaluation on the VM and on the PB

the crotch fit on the VM and on the PB. The following 

participant crotch fit evaluations on the VM. 

 

(1) Fabric depiction  

• The crotch on the VM looks smooth

• The crotch on the VM has some wrinkles.

(2) Position and looseness/tightness

• The crotch on the VM 

• The crotch on the VM 

• The crotch positions and looseness/tightness

(3) Shape (back crotch only)

• The crotch shape on the VM looks

• The crotch line

 

The most distinctive

appeared to be very smooth on the VM

wrinkles or puckering were 
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“Same comment
front crotch
Disagree Somewhat). 

BCrotch: "It looks fine" 
(Rating: 7, Excellent Fit).  

"It is ok" (Rating: 4, 
Average Fit).  

categories emerged by examining the participant responses to the 

and back crotch fit evaluation on the VM and on the PB, and their comparison between 

the crotch fit on the VM and on the PB. The following categories are based upon 

fit evaluations on the VM.  

 

The crotch on the VM looks smooth: major sub-category. 

The crotch on the VM has some wrinkles. 

Position and looseness/tightness 

The crotch on the VM looks loose and low. 

The crotch on the VM looks tight and high.  

The crotch positions and looseness/tightness on the VM looks

ape (back crotch only) 

shape on the VM looks good.  

he crotch line on the VM is straight.  

distinctive category regarding the front crotch was that 

appeared to be very smooth on the VM; a number of participants said that no obvious 

wrinkles or puckering were present. Example statements are as follows:  

Same comments as the 
front crotch” (Rating: 3, 
Disagree Somewhat).  

examining the participant responses to the front 

and their comparison between 

are based upon 

looks good. 

 the fabric 

; a number of participants said that no obvious 
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“There is no obvious wrinkle. The jeans I have, it will pull if it is too tight right 
there” (Rating: 7, Excellent Fit). 
 
“Normally it’s too wrinkly. And it does not look too wrinkly” (Rating: 6, Good 
Fit). 
 

The crotch looseness and tightness category was related to the crotch position and 

length. No discrete pattern appeared in terms of looseness and tightness. Several 

participants commented that the front crotch looked like a good length and it was not too 

loose or too tight. Several participants said that the front crotch looked tight; three of 

those noticed ‘a line,’ ‘shadow,’ or ‘creasing,’ which made the simulation look tight. A 

few participants thought the front crotch was loose and low.  

Similar to the front crotch, no discrete pattern appeared concerning the back 

crotch position and looseness/tightness category. Several participants commented that the 

back crotch looked like a good length and it was not too loose or too tight. Some 

participants thought the back crotch was tight. Several participants said that the back 

crotch looked loose; three of those noticed ‘a wiggly spot,’ or ‘a slight drop,’ which made 

the back crotch look loose.  

Some participants discussed back crotch shape and crotch line; two participants 

said that the line was clear and straight. Two participants said the back crotch followed 

the curve of their shape, but one participant said that nothing was special about the shape. 

She said she usually liked the pants that modify her “butt shape better.”  

Some participants discussed difficulty in evaluating crotch fit using the 

simulation. Example statements are as follows:  

 

“I’m not sure if they are big or…I don’t know…on the front it seems like it could 
be maybe tighter in that area. But I’m not sure” (Rating: 4, Average Fit).  
 
“It looks too baggy because it is too low. It is hard to tell if it is because thigh area 
is loose? Where does the crotch point end?” (Rating: 2, Poor Fit).  
 

The following categories are based upon participant crotch fit evaluations on the 

PB.  
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(1) Fabric depiction  

• The crotch on the PB has many wrinkles (mainly front crotch): major sub-

category. 

• The crotch on the PB looks smooth (mainly back crotch). 

(2) Position and looseness/tightness 

• The crotch on the PB is loose and low (mainly front crotch): major sub-

category. 

• The crotch positions and looseness/tightness on the PB are good. 

(3) Shape 

• The crotch shape on the PB looks good (back crotch only): major sub-

category. 

(4) Comfort  

• The crotch feels comfortable on the PB because it is a good size.  

• The crotch feels uncomfortable on the PB because it is tight. 

 

Many participants commented negatively about the front crotch fit on the body. 

The loose and/or low front crotch was the main reason noted by many participants why 

they gave a lower rating (rating 2 to 4). Only a few participants felt the crotch was tight 

and uncomfortable. The wrinkles on the front crotch were another reason frequently 

commented on by many participants who gave low fit ratings. Some participants 

associated the wrinkles with a tight crotch fit, some participants associated the wrinkles 

with a low and loose crotch, and some participants said there were wrinkles but the 

looseness and tightness was okay.  

Several participants gave ratings of 5 to 7 because the front crotch was positioned 

correctly and the length was good; it was not too high or too low, and not too loose or too 

tight.  

A majority of the participants commented positively about the back crotch fit on 

the PB. The quantitative ratings reflected the comments because most ratings were 4 or 
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higher and only a few participants rated 3 or lower. There were four main reasons: First, 

several participants said that the back crotch position was good and the back crotch was 

not too loose or tight. Second, unlike the front crotch, the wrinkles were not a problem 

for the back crotch. Several participants commented that the back crotch looked smooth. 

Third, some participants talked about the “good” crotch shape. They stated that the back 

crotch curved to their body shape and conformed to the body well.  Fourth, a couple of 

participants said that the back crotch felt comfortable.  

Only a few participants said the back crotch was either too loose or too tight. The 

results were very different from the front crotch results, where the loose and low crotch 

was a major problem.  

The following categories are based upon participant comparisons between crotch 

fit on the VM and on the PB. 

 

(1) Fabric depiction  

• The crotch on the VM does not have wrinkles and looks very smooth, while 

the crotch on the PB has many wrinkles: major sub-category. 

(2) Crotch position and looseness/tightness 

• The crotch on the VM looks tighter and/or higher than on the PB: major sub-

category.  

• The crotch positions on the VM and on the PB look the same.  

(3) Overall fit 

• The crotch fit on the VM and on the PB look the same in general.  

• The crotch fit on the VM and on the PB has the same feeling.  

 

The inaccurate wrinkle depiction and the inaccurate crotch position were main 

categories that emerged from the front crotch fit comparison between the VM and the PB. 

Many participants commented that the front crotch on the VM did not have wrinkles and 

looked very smooth, while the pants on their body had many wrinkles. Several 

participants also said that the front crotch looked tighter and/or the position was higher on 

the VM. This could be the reason why many participants complained that the test pants 
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on the body were too loose because they selected the pants simulation that looked nicely 

fitted on the front crotch before they observed that the simulation showed tighter fit than 

the actual fit on the PB.  

No participants commented that the front crotch on the VM looked looser than the 

test pants on the PB. Two participants said that the front crotch position looked the same 

on the VM and on their body.  Only one participant said the wrinkles on the test pants 

were located at the same place where she expected them to be according to what she saw 

on the VM. A few participants commented that the front crotch fit on the VM and on the 

PB had the same feeling or the same appearance.  

Unlike the front crotch, many participants said that the back crotch fit on the VM 

and on the PB looked the same or similar in terms of the looseness/tightness, back crotch 

position, fabric smoothness, and shape. The participants agreed that back crotch on the 

VM and on the PB similarly exhibited fabric smoothness. Only a few people commented 

that the VM had no wrinkle, while fit on the PB had wrinkles. This result shows that 

inaccurate fabric representation was less problematic for the back crotch as compared to 

the front crotch. Some people still commented that the back crotch fit on the VM looked 

tighter than the fit on the PB; this number was fewer compared to the numbers of such 

comments from front crotch comparison, but it was still a concern since participants 

specifically commented on it.  

For both front and back crotch, three participants expressed difficulty in judging 

the crotch fit on the VM. One participant commented that she could not tell the exact 

crotch location from the simulation. Two participants said the simulation looked 

compatible and similar to the real crotch fit when they saw the simulation at the same 

time they were wearing the test pants; however, by only looking at the simulation, it was 

hard for them to judge if the fit was good or bad. The results suggest that even when the 

simulation represents reality accurately, some people may have difficulty judging the fit 

from computer images. 
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Left Side & Right Side: Descriptive Statistics 

The mean rating of the “left side” comparison was 4.62 (Table 26). 

Approximately 59% of the participants selected agree-ratings. More specifically, 32.43% 

(n=12) selected “agree,” 16.22% (n=6) selected “agree somewhat,” and 10.81% (n=4) 

selected “strongly agree.” Approximately 38% of the participants selected disagree-

ratings. The results of the “right side” comparison were similar to the left side ratings. 

The mean rating of the “right side” comparison was 4.57. The results show that there 

were a higher number of participants who thought positively about accuracy of the virtual 

simulation fit representation, but there were also a number of participants who thought 

negatively about the accuracy.  

 
Table 26 

Comparison of Left and Right Side Fit  

Rating Left Side Frequency Percent Mean SD 

1 Strongly Disagree    0 0.00 4.62 1.71 

2 Disagree                      5 13.51 
 

  

3 Disagree Somewhat 9 24.32 
 

  

4 Neutral 1 2.70 
 

  

5 Agree Somewhat 6 16.22 
 

  

6 Agree 12 32.43 
 

  

7 Strongly Agree 4 10.81 
 

  

  Total 37 100.00     

Rating Right Side Frequency Percent Mean SD 

1 Strongly Disagree    0 0.00 4.57 1.69 

2 Disagree                      5 13.51 
 

  

3 Disagree Somewhat 9 24.32 
 

  

4 Neutral 2 5.41 
 

  

5 Agree Somewhat 6 16.22 
 

  

6 Agree 11 29.73 
 

  

7 Strongly Agree 4 10.81 
 

  

  Total 37 100     



 

Left and Right Side: Qualitative Analysis

 
Table 27 

Side Fit Evaluation on the VM and PB by Participants 

Participant 
Side Fit evaluation                   

on the VM

Participant 
No. 18 

 

"The sideseam curves back. 
So there isn't quite enough 
fabric in the back to cover 
around" (Rating: 3, Below 
Average Fit).  

Participant 
No. 26 

 

"Clean" (Rating: 6, Good 
Fit).  
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Left and Right Side: Qualitative Analysis 

Side Fit Evaluation on the VM and PB by Participants  

Fit evaluation                   
on the VM 

Side Fit evaluation                   
on the PB 

Comparison of the Fit 
on the VM and PB

 

"It doesn't pull out as it 
does on the screen. It does 
curve just a little [on the 
PB] bit, but it is not as 
drastic as it does on there 
[VM]" (Rating: 3, 
Disagree Somewhat).  

"The sideseam curves back. 
So there isn't quite enough 
fabric in the back to cover 
around" (Rating: 3, Below 

 

"It's straight down" (Rating: 
6, Good Fit).  

 

"These ones, the line is a 
little bit more straight than 
that [VM] but otherwise, I 
would agree" (Rating: 6,  
Agree).  

"Clean" (Rating: 6, Good "Nice straight line" (Rating: 
4, Average Fit).  

Comparison of the Fit  
on the VM and PB 

"It doesn't pull out as it 
does on the screen. It does 
curve just a little [on the 
PB] bit, but it is not as 
drastic as it does on there 
[VM]" (Rating: 3, 
Disagree Somewhat).   

"These ones, the line is a 
little bit more straight than 
that [VM] but otherwise, I 
would agree" (Rating: 6,  

 



 

Table 27 (continued) 

Participant 
No. 40  

 

"I like the shape. The line is 
good because it is straight" 
(Rating: 5, Above Average 
Fit).   

 

Several categories emerged

side fit evaluation on the VM and on the PB and their comparison between the fit on the 

VM and on the PB. The following 

the VM. Because the participa

similar, the analysis is combined and presented together in this section.

 

(1) Line appearance: 

• The sideseam 

category. 

• The sideseam 

(2) Looseness / tightness

(3) Other 

• Overall side view on the VM looks good. 
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"They look the same" 
(Rating: 6, Agree). 

"I like the shape. The line is 
good because it is straight" 
(Rating: 5, Above Average 

"It is straight" (Rating: 5, 
Above Average Fit).  

categories emerged by examining participant responses to left and right 

side fit evaluation on the VM and on the PB and their comparison between the fit on the 

VM and on the PB. The following categories are based upon participant fit evaluations on 

Because the participant discussions for the left and right side evaluations were 

is combined and presented together in this section. 

: major category 

 on the VM from waist to hip level is not straight

The sideseam on the VM is straight (includes “line looks good

ightness 

Overall side view on the VM looks good.  

"They look the same" 
(Rating: 6, Agree).  

examining participant responses to left and right 

side fit evaluation on the VM and on the PB and their comparison between the fit on the 

are based upon participant fit evaluations on 

nt discussions for the left and right side evaluations were 

is not straight: major sub-

line looks good”).  
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The most frequently described category for the side view evaluation was the 

sideseam appearance. Many participants commented that the sideseam was not straight 

from the waist to hip level, and this was a negative factor for them during fit evaluation. 

Some of them discussed that the curved sideseam was related to the tightness at the hip 

and abdomen area. The comments were as follows:  

 

 “The sideseam curves back. So there isn’t quite enough fabric in the back to 
cover around” (Rating: 3, Below Average Fit).  
 
“Because this line curves a little bit, it might be little tight on my leg. I would like 
to try slightly larger pants because of the line, because that’s work pants and I 
don’t want really tight” (Rating: 3, Below Average Fit).  
 

The others related the curved side seam with other factors; two people said the 

curved sideseam was common in mass produced clothes, and it is hard to find pants with 

the side seam falling in a straight line. One participant said the standing pose when she 

was scanned may be affecting the sideseam shape. Fewer participants commented that the 

sideseam was straight or that the line looked good.  

Looseness and tightness of the pants simulation from the side view was another 

category that was described. No one consistent pattern regarding to the looseness and 

tightness category emerged. The responses varied, such as “the thigh looks tight,” “I 

dislike that the thigh area is protruding” and “It is not too loose or tight.”  

Others simply commented that the overall pants fit from the side view was nice 

and clean. One interesting comment was that one participant blamed her own body shape 

instead of evaluating pants fit: “I don’t like the view of my butt. But that is my fault. So it 

is ok.” 

The following categories are based upon participant side fit evaluations on the 

PB.  

 

(1) Line appearance: major category 

• The sideseam on the PB is straight: major sub-category.  

• The sideseam on the PB is not straight.  
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(2) Looseness / tightness 

(3) Other 

• Overall side view on the PB looks good.  

 

In terms of the line appearance category, a majority of the participants responded 

that the sideseam of the test pants was straight on the PB and this was a positive factor. 

Some participants commented concerning the looseness and tightness category, and 

looseness was the commonly cited reason for their quantitative fit rating, which was 

regarded as a negative factor.   

The participants who commented on the overall side fit made positive statements 

like “My leg looks longer,” “It is comfortable,” and “It fits well.”  

The following categories are based upon participants comparisons between VM 

fit and PB fit. 

 

(1) Line appearance 

• The sideseam is curved on the VM but straight on the PB: major sub-

category. 

• Both sideseam on the VM and on the PB look straight.  

(2) Looseness / tightness 

• Side view on the VM looks tighter than on the PB.  

(3) Other 

• Overall side view on the VM and on the PB look the same/similar.  

 

When the participants compared the fit on the VM and on the PB, many 

participants said that the side seam was straight on the PB, but it was curved on the VM; 

therefore, the side view fit on the PB looked better. Only a few participants commented 

that the seamline looked the same. Concerning the seamline, one participant mentioned 

the benefit of viewing the seamline on the VM: “It was very useful that I could see the 
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seamline. The seamline is important to me but it is difficult to observe it in online 

shopping.” 

A couple of participants stated that the side view on the VM looked tighter 

compared to the side view on the PB. The rest of the participants commented that the two 

side views looked the same or similar overall. No participants commented that the fit on 

the PB looked tighter.  

Inseam: Descriptive Statistics 

The mean rating of the “inseam” fit comparison was 5.81 (Table 28). A majority 

of the participants (approximately 84%) selected agree-ratings. More specifically, 

45.95%  (n=17) rated “agree,” 32.43% (n=12) rated “strongly agree,” and 5.41% (n=2) 

rated “agree somewhat.” The results imply that inseam fit representation of virtual 

simulation was very accurate in representing real fit. 

 

Table 28 

Comparison of Inseam Fit  

Rating Inseam Frequency Percent Mean SD 

1 Strongly Disagree    0 0.00 5.81 1.33 

2 Disagree                      1 2.70 
 

  

3 Disagree Somewhat 3 8.11 
 

  

4 Neutral 2 5.41 
 

  

5 Agree Somewhat 2 5.41 
 

  

6 Agree 17 45.95 
 

  

7 Strongly Agree 12 32.43 
 

  

  Total 37 100     

 

 

 

 

 



 

Inseam: Qualitative Analysis

 
Table 29 

Inseam Fit Evaluation on the VM and PB by Participants 

Participant 
Inseam Fit evaluation              

on the VM

Participant 
No. 21  

 

"It looks like it is straight. 
And right in the middle of 
the front and back" (Rating: 
5, Above Average Fit).

Participant 
No. 39 

 

"It's hard to tell. But that 
looks straight" (Rating: 7, 
Excellent Fit). 
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Inseam: Qualitative Analysis 

Inseam Fit Evaluation on the VM and PB by Participants  

Inseam Fit evaluation              
on the VM 

Inseam Fit evaluation              
on the PB 

Comparison of the Fit 
on the VM and PB

 

"The position looks the 
same" (Rating: 7, Strongly 
Agree). 

"It looks like it is straight. 
And right in the middle of 
the front and back" (Rating: 
5, Above Average Fit). 

"It is right in the middle" 
(Rating: 6, Good Fit).  

 

"It looks the same" 
(Rating: 6, Agree). 

"It's hard to tell. But that 
looks straight" (Rating: 7, 
Excellent Fit).  

"It's not curving at all" 
(Rating: 7, Excellent Fit).  

Comparison of the Fit  
on the VM and PB 

position looks the 
same" (Rating: 7, Strongly 

 

"It looks the same" 
(Rating: 6, Agree).  
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Several categories emerged by examining participant responses to the inseam fit 

evaluation on the VM and on the PB and their comparison between the inseam fit on the 

VM and on the PB. The following categories are based upon participant fit evaluations on 

the VM.  

 

(1) Line appearance 

• The inseam on the VM looks straight: major sub-category.  

• The inseam on the VM does not look straight.  

• The inseam on the VM does not have puckering.  

(2) Line position 

• The inseam on the VM is in a good place (includes “in the middle of the leg,” 

and “is proportional”). 

(3) Overall fit 

• The inseam looks good. 

(4) Other 

• I do not usually pay attention to the inseam: major sub-category. 

 

The mean rating scores of the participant inseam fit evaluations on the VM and on 

the PB resulted in higher scores in comparison with the mean rating scores of the other 

pants fit locations (fit factors). The qualitative analysis supports the quantitative results 

because the participant statements for the inseam were mostly positive. Another reason 

might be that people are not much concerned about inseam in general when evaluating fit 

because several participants said that they do not usually pay attention to the inseam or 

simply commented that it was what they expected to see without further specific 

comments.  

In regards to the line appearance category, many participants continued to give 

affirmative comments that the inseam was straight. One participant stated that there was 

no odd pulling. Only a few participants commented negatively about the inseam; two 

participants commented that the inseam looked like it was curving forward.  
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Some participants were concerned about the inseam position, and all the 

statements were positive; the example statements were that the inseam placement looked 

good, the inseam placement was in the middle, or the inseam looked proportional.  

The following categories are based upon participant inseam fit evaluations on the 

PB. 

 

(1) Line appearance 

• The inseam on the PB is straight: major sub-category.   

• The inseam on the PB is not straight.  

• The inseam on the PB does not have puckering.  

(2) Line position 

• The inseam on the PB is in a good place (includes “in the middle of the leg,” 

and “is proportional”). 

• The inseam on the PB is proportional.  

(3) Overall fit 

• The inseam looks good. 

(4) Other 

• I do not usually pay attention to the inseam. 

 

In regards to the line appearance category, many participants continued to give 

affirmative comments that the inseam was straight. Three participants commented that 

the inseam might be slightly curving backward, but their judgments were not with 

confidence. One participant mentioned that it was not “warping.”  

The other statements were also positive; some statements described specific 

reasons like the position appeared to be in the middle of the leg and some statements 

were in more general terms like nothing looked wrong or obviously stood out.  

The following categories are based upon the participant comparisons between the 

inseam fit on the VM and on the PB.  
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(1) Line appearance 

• Both inseams on the VM and on the PB look straight: major sub-category.  

• The inseam is curved on the VM but straight on the PB.  

(2) Line position 

• Both inseams on the VM and on the PB are on the same place: major sub-

category. 

 

The categorization was not as definite as the other fit factors because the 

participants gave more general and brief comments about their comparison. When they 

compared the fit on the VM and on the PB, many participants stated that they looked the 

same due to varied reasons; for example, both on the VM and on the PB, the inseams 

looked straight, the inseams were in the same position, and the inseams did not show 

pulling.  

Fewer participants commented that the inseam on the VM and on the PB looked 

different. The participants who made such comments were those who were concerned 

that the inseam looked curved either on the VM or on the PB, while the inseam was 

straight on the other. One participant stated that the inseam turned out to be what she 

expected but the virtual simulation did not give a sense of the actual fabric. 

Hem: Descriptive Statistics 

The mean rating of the “hem” fit comparison was 5.62 (Table 30). A majority of 

the participants (approximately 84%) selected agree-ratings. More specifically, 43.24 % 

(n=16) rated “agree,” 27.03% (n=10) rated “strongly agree,” and 13.51% (n=5) rated 

“agree somewhat.” The results imply that fit representation of the hem by the virtual 

simulation was very accurate in representing the real fit. 

 
 
 
 
 
 



 

Table 30 

Comparison of Hem Fit  

Rating Hem 

1 Strongly Disagree   

2 Disagree                     

3 Disagree Somewhat

4 Neutral 

5 Agree Somewhat 

6 Agree 

7 Strongly Agree 

  Total 

 

Hem: Qualitative Analysis

 
Table 31 

Hem Fit Evaluation on the VM and PB by Participants 

Participant 
Hem Fit evaluation                     

on the VM

Participant 
No. 03 

 

"Little bit too long" (Rating: 
5, Above Average Fit). 
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Frequency Percent Mean

Strongly Disagree    0 0.00 5.62

Disagree                      2 5.41 
 

Disagree Somewhat 3 8.11 
 

1 2.70 
 

 5 13.51 
 

16 43.24 
 

10 27.03 
 

37 100   

Hem: Qualitative Analysis 

Hem Fit Evaluation on the VM and PB by Participants  

Hem Fit evaluation                     
on the VM 

Hem Fit evaluation                     
on the PB 

Comparison of the Fit           
on the VM and PB

 

"It even has ripples on the 
foot" (Rating: 7, Strongly 
Agree).  

"Little bit too long" (Rating: 
5, Above Average Fit).  

"A little bit too long" 
(Rating: 5, Above Average 
Fit). 

Mean SD 

5.62 1.42 

 
  

 
  

 
  

 
  

 
  

 
  

   

Comparison of the Fit           
on the VM and PB 

"It even has ripples on the 
foot" (Rating: 7, Strongly 

 



 

Table 31 (continued) 

Participant 
No. 19 

 

"Outside of the hem needs 
to be lengthened. Inside is 
longer. There is big 
difference" (Rating: 4, 
Average).  

Participant 
No. 10 

 

"It can be little bit longer" 
(Rating: 5, Above Average). 
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"The length looks same. 
On the model, the pants 
are pulled up high and that 
is why the hem length 
looks different inside and 
outside" (Rating: 7, 
Strongly Agree). 

"Outside of the hem needs 
to be lengthened. Inside is 
longer. There is big 
difference" (Rating: 4, 

"I want 1" longer" (Rating: 
4, Average).  

 

"Because I kind of saw 
that it is shorter" (Rating: 
7, Strongly Agree). 

"It can be little bit longer" 
(Rating: 5, Above Average).  

"It is short. It will be short if 
I wear shoes" (Rating: 3, 
Below Average).  

"The length looks same. 
On the model, the pants 

pulled up high and that 
is why the hem length 
looks different inside and 
outside" (Rating: 7, 
Strongly Agree).  

"Because I kind of saw 
that it is shorter" (Rating: 
7, Strongly Agree).  



 

Table 31 (continued) 

Participant 
No. 30 

 

"Good length to wear with 
heels" (Rating: 5, Above 
Average).  

 
Several categories emerged

evaluation on the VM and on the 

PB. The following categories

 

(1) Length 

• The hem length on the VM 

• The hem length on the VM 

• The hem length 

(2) Shape 

• The hem on the VM 

(3) Other 

• Determining foot position

 

The participants were scanned wearing socks and no shoes. Shoe heel height 

variation can affect hem appearance. When evaluating the hem of the test pants on the 
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"The real pants are 
shorter" (Rating: 3, 
Somewhat Disagree). 

"Good length to wear with 
heels" (Rating: 5, Above 

"It is shorter than I 
expected. I hope it's longer 
about 1". I can't wear it with 
heels" (Rating: 3, Below 
Average).  

categories emerged by examining participant responses to the hem fit 

and on the PB and their comparison between the fit on the VM and 

categories are based upon the participant fit evaluations on the VM. 

length on the VM looks too long. 

length on the VM looks too short. 

The hem length on the VM looks good.  

on the VM looks uneven from the inseam to the sideseam. 

foot position o the VM is difficult. 

The participants were scanned wearing socks and no shoes. Shoe heel height 

variation can affect hem appearance. When evaluating the hem of the test pants on the 

"The real pants are 
shorter" (Rating: 3, 
Somewhat Disagree).  

examining participant responses to the hem fit 

fit on the VM and 

are based upon the participant fit evaluations on the VM.  

looks uneven from the inseam to the sideseam.  

The participants were scanned wearing socks and no shoes. Shoe heel height 

variation can affect hem appearance. When evaluating the hem of the test pants on the 
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VM, almost all of the participants tried to imagine the VM wearing the pants with desired 

height heels and evaluated if the length was appropriate.  

Many participants thought the hem length was a good length and they were 

satisfied with the fit, and most gave a rating of 6 (good fit) or 7 (excellent fit).   The same 

number of participants thought the hem length was too long.  Fewer participants thought 

the hem length was too short. Two participants commented that the hem length was 

uneven from the inseam to the sideseam and that it bothered them (Table 31, see 

participant no. 19). They observed that the hem length on the inseam was longer and the 

hem length on the sideseam was shorter. One participant complained that the exact 

position was difficult to determine.  

The participants viewed the same style pants in simulation in a number of 

different sizes until they selected the best size pants simulation based on their own 

subjective fit criteria. Many participants selected their pants despite the fact that the hem 

length was too long. This may be because they thought that they could tailor the hem 

length.  

The following categories are based upon the participant hem fit evaluations on the 

PB. 

 

(1) Length 

• The hem length on the PB is too long.  

• The hem length on the PB is too short.  

• The hem length on the PB is good.   

(2) Shape 

• The hem on the PB looks even. 

 

A similar number of participants who thought that the hem of the pants was too 

long on the VM thought the hem was too long when they tried on the pants. Compared to 

when the participants evaluated the hem length on the VM, more participants commented 

that the hem was too short and fewer participants commented that the hem length was 

good while wearing the pants.  
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The following categories are based upon the participant comparisons between the 

hem fit on the VM and on the PB.  

 

(1) Length 

• The hem length on the VM and on the PB look the same/similar: major sub-

category. 

• The hem length on the VM look longer than on the PB.  

• The hem length on the VM look shorter than on the PB. 

• The hem length on the VM and on the PB look the same but covey a different 

feeling.   

(2) Shape 

• The hem look uneven on the VM while look even on the PB. 

 

When they compared the fit on the VM and on the PB, many participants said that 

the length looked the same or similar. However, some said the hem length on the VM 

looked longer than it really was on the PB with varied reasons; some participants 

commented that the virtual simulation showed the longer or slightly longer hem. Two 

participants said when they looked at the fit on the VM and on the PB side-by-side, the 

length looked the same, however when only viewing the simulation they perceived the 

simulated hem as longer because the simulation conveyed a different feeling. Their 

opinions suggest the benefit of using an animated avatar for fit evaluation. Their 

comments were as follows:  

 

“They look like the right length in the picture. They look like the same height, but 
when I have them on, I have a different feeling. Because when I’m moving 
around, when I put one of my legs forward, they are a little short. So I want ½ 
inch or 1 inch longer. It depends on what shoes I wear. But compared to the 
picture, it looks the same” (Rating: 6, Agree). 
 
“Now that I’m looking at those [virtual simulation] and the hems [on the body] 
together, they look similar in length. When I first evaluated it [virtual simulation], 
for some reason, I thought it was longer. But when I see where it breaks and how 
that [hem] goes down on the floor, I would agree” (Rating: 6, Agree).   
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Some participants commented that the hem length on the VM looked shorter than 

it really was on the PB, but these people were fewer in number than those who thought 

the fit on the VM was longer.  

Both participants who noticed the uneven hem on the VM said the hem looked 

even on the PB. During the qualitative analysis of the visual data, the researcher 

examined if the hem length was uneven on other participants’ VM. Other virtual images 

that were evaluated as “short hem” had the same appearance of an uneven hem; the 

inseam of the hem was longer than the sideseam on all the VM. In the case of the pants 

with the longer hem, it was not possible to examine because the hem bunched up or 

wrinkled on top of the foot.  

A possible relationship may exist between the overly curved waistband and the 

inseam of the hem that was longer than the sideseam on the VM. The results of the 

qualitative data analysis of the waistband evaluation showed the “dipping down” in the 

center of the waistband on the VM was consistently found to be different because the 

waistband shape on the PB was straighter.   

Summary: Comparison between Fit on the VM and on the PB 

In order to compare the fit on the VM and on the PB, first, the quantitative fit 

ratings regarding fit on the VM and on the PB were compared using a two-way repeated-

measures ANOVA. Second, the participant comparisons regarding the differences and 

similarities between the fit on the VM and on the PB were analyzed using descriptive 

statistics. Interview questions were analyzed to infer deeper meanings of the data.  

The results of the quantitative data showed that the fit on the VM had better fitted 

appearance than the actual fit on the PB at the abdomen, back thigh, and front crotch; 

therefore, the virtual fit representations at those fit factors were not accurate. On the other 

hand, the virtual fit representation on the VM at the waistband, hip, inseam, and hem 

were accurate. Additionally, no differences were found in the evaluations and 

comparisons between the clothing design student group and non-clothing deign student 

group.  
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The results of the qualitative analysis showed that participants thought the virtual 

fit representations regarding the waistband size and location, pants length, seam line 

positions, and pants and body shape relationship were accurate. But participants thought 

that fabric wrinkles and textures were not accurately represented on the VM, and overall 

size representation on the VM was relatively smaller than the actual test pants size. 

Opinions on Using the VM and Future Willingness to use the VM 

After the participants completed fit evaluations and comparisons, they were asked 

with eight questions about their opinions regarding using the VM in evaluating fit and 

their willingness to use it in the future. The eight questions were as follows:  

1. How strongly do you agree or disagree with the following statement?: The virtual 

model gave me enough visual information in evaluating pants fit as the actual 

pants fit on the body.  

2. How satisfied are you with using a virtual model for evaluating pants fit?  

3. How satisfied are you with using a virtual model if you purchased this through 

online shopping in terms of fit?  

4. If you had purchased this pant, how likely is it that you would return it?  

5. Would you be likely to use a virtual model for evaluating apparel fit in the future?  

6. Would you be likely to use a virtual model for apparel online shopping in the 

future?  

7. Would you be willing to pay more to use a virtual model to get pants that fit? 

8. If yes, how much would you be willing to pay in addition to the basic cost of the 

pants? 

 

In this section, first the results of the quantitative data are discussed. Second, the 

participant interview responses for all the questions were analyzed, and the categories 

that encompass and summarize the data were developed.   
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Quantitative Analysis 

 

Table 32 

T-Test for Satisfaction with VM by Clothing Design Students and Non-Clothing Design 

Students 

  Clothing Design  
Non Clothing 

Design  Mean 
Differences 

t 
Sig.                   

(2-tailed) 
  Mean SD Mean SD 

Level of Visual 
Information from Virtual 
Model 

4.56 1.69 4.42 1.46 0.13 0.26 0.80 

Satisfaction with Using a 
Virtual Model 

4.67 1.78 4.63 1.34 0.04 0.07 0.95 

Likelihood of Using 
Virtual Model 

5.39 1.61 4.47 1.81 0.92 1.62 0.11 

Satisfaction with Using a 
Virtual Model in 
Purchasing Pants 

4.28 1.67 4.37 1.71 -0.09 -0.16 0.87 

Likelihood of Returning 
Pants 

4.17 2.04 5.05 1.96 -0.89 -1.35 0.19 

Likelihood of Using 
Virtual Model for 
Apparel Online Shopping 

5.39 1.58 5.26 1.73 0.13 0.23 0.82 

 

An independent t-Test was conducted to test whether the college major of the 

participants had a relationship with the six questions about their opinions regarding using 

the VM in evaluating fit and their willingness to use it in the future. No significant 

difference existed for all the six questions between the clothing design students and non-

clothing design students (Table 32). Therefore, the clothing design student group and the 

non-clothing design student group were not separated in further analysis of participant 

opinions regarding using the VM in evaluating fit and their willingness to use it in the 

future. 

A summary of participant’s opinions on using the VM and future willingness of 

using the VM is presented in figure 10. In depth results for each question are reported in 

the following sections. 
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Figure 10. Opinions on Using the VM and Future Willingness to use the VM  

 

The first question asked how strongly the participants agreed or disagreed with 

the following statement: The VM gave me enough visual information in evaluating pants 

fit as the actual pants fit on the body. The results are listed in Table 33. Approximately 62% 

of the participants responded with ‘agree somewhat,’ ‘agree,’ or ‘strongly agree,’ and 

approximately 32% of the participants responded with ‘disagree somewhat,’ ‘disagree,’ 

or ‘strongly disagree.’ The largest group included ‘agree somewhat (29.73%, n=11)’ and 

‘agree (29.73%, n=11),’ with the next largest group ‘disagree somewhat (18.92%, n=7).’  

When the participants were asked how much they were satisfied with using the 

VM for evaluating the pants fit, approximately 57% of the participants answered with 
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‘satisfied somewhat,’ ‘satisfied,’ or ‘strongly satisfied’ (Table 34). More specifically, 

29.73% (n=11) replied ‘satisfied,’ 18.92% (n=7) replied ‘satisfied somewhat,’ another 

18.92% (n=7) replied ‘dissatisfied somewhat,’ and 16.22% (n=6) replied ‘neutral.’  

When the participants were asked if they were satisfied with using a VM if they 

purchased the test pants through online shopping in terms of fit, approximately 59% of 

the participants answered with ‘satisfied somewhat,’ ‘satisfied,’ or ‘strongly satisfied,’ 

and approximately 35% answered with ‘dissatisfied somewhat,’ ‘dissatisfied,’ or 

‘strongly dissatisfied’ (Table 35). More specifically, the largest group was ‘satisfied 

somewhat (32.43%, n=12),’ and the next largest groups were ‘satisfied (21.62%, n=8),’ 

and ‘dissatisfied (18.92%, n=7).’ 

The participants were asked if they had purchased the test pants, how likely was it 

that they would return the pants (Table 36). Approximately 59% of the participants 

replied with ‘slightly likely,’ ‘likely,’ or ‘strongly likely,’ and 30% replied with ‘slightly 

not likely,’ ‘not likely,’ or ‘strongly not likely.’ ‘Strongly likely,’ ‘likely,’ and ‘not likely’ 

had equal number of the largest group (21.62%, n=8 for each rating).  

 

Table 33 

Level of Visual Information from VM 

Rating 
The virtual model gave me enough visual 
information in evaluating pants fit as the 
actual pants fit on the body.  

Frequency Percent Mean SD 

1 Strongly Disagree 1 2.70 4.49 1.56 

2 Disagree 4 10.81 
 

  

3 Disagree Somewhat 7 18.92 
 

  

4 Neutral 2 5.41 
 

  

5 Agree Somewhat 11 29.73 
 

  

6 Agree 11 29.73 
 

  

7 Strongly Agree 1 2.70 
 

  

  Total 37 100     
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Table 34 

Satisfaction with Using a VM 

Rating 
How satisfied are you with using a 
virtual model for evaluating pants fit?  

Frequency Percent Mean SD 

1 Strongly Dissatisfied 1 2.70 4.65 1.55 

2 Dissatisfied 2 5.41 
 

  

3 Dissatisfied Somewhat 7 18.92 
 

  

4 Neutral 6 16.22 
 

  

5 Satisfied Somewhat 7 18.92 
 

  

6 Satisfied  11 29.73 
 

  

7 Strongly Satisfied 3 8.11 
 

  

  Total 37 100     

 

 

Table 35 

Satisfaction with Using a VM in Purchasing Pants 

Rating 
How satisfied are you with using a 
virtual model if you purchased this 
through online shopping in terms of fit?  

Frequency Percent Mean SD 

1 Strongly Dissatisfied 1 2.70 4.32 1.67 

2 Dissatisfied 7 18.92 
 

  

3 Dissatisfied Somewhat 5 13.51 
 

  

4 Neutral 2 5.41 
 

  

5 Satisfied Somewhat 12 32.43 
 

  

6 Satisfied  8 21.62 
 

  

7 Strongly Satisfied 2 5.41 
 

  

  Total 37 100     
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Table 36 

Likelihood of Returning Pants 

Rating 
If you had purchased this pant, how 
likely is it that you would return it?  

Frequency Percent Mean SD 

1 Strongly not Likely 2 5.41 4.62 2.02 

2 Not Likely 8 21.62   

3 Slightly Not Likely 1 2.70   

4 Neutral 4 10.81   

5 Slightly Likely 6 16.22   

6 Likely 8 21.62   

7 Strongly Likely 8 21.62   

  Total 37 100     

 

To the question asking that if they were likely to use a VM for evaluating apparel 

fit in the future, approximately 65% of the participants answered with ‘slightly likely,’ 

‘likely,’ or ‘strongly likely’ (Table 37). More specifically, 27.03% (n=10) rated ‘likely,’ 

18.92% (n=7) rated ‘slightly likely,’ and 16.22% (n=6) rated ‘neutral.’ Approximately 19% 

rated ‘slightly not likely,’ ‘not likely’ or ‘strongly not likely.’  

The participants were asked if they were likely to use a VM for apparel online 

shopping in the future. This question was similar to the previous question, except that this 

question specified the usage of virtual simulation for online shopping. A majority of the 

participants (approximately 81%) answered with the ‘slightly likely,’ ‘likely,’ or 

‘strongly likely,’ and this result shows more people in the likely-ratings than the result 

from the third question (Table 38). More specifically, 35.14% of the participants 

answered that they were ‘likely’ (n=13), 24.32% answered ‘slightly likely’ (n=9), and 

‘strongly likely’ (21.61%, n=8) to use a VM for apparel online shopping in the future. 

This finding implies that the VM tool has good potential to be used by consumers in an 

apparel online shopping environment.  

When the participants were asked if they were willing to pay more to use a VM to 

get pants that fit, a little less than half of the participants (45.95%, n=17) were willing to 
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pay more to use a VM, and a little more than half of the participants (54.05%, n=20) were 

unwilling to pay more (Table 39).  

Among those 17 participants who were willing to pay an extra fee, a majority of 

the participants were willing to pay $6-$10 more (41.18%, n=7) or $1-$5 more (35.29%, 

n=6) (Table 41). As the percentage of the participants likelihood of using the VM was 

greater than their willingness to pay extra money, it implies that some consumers are only 

likely to use the tool if it is free of charge for online shopping.  

 

Table 37 

Likelihood of Using VM 

Rating 
Would you be likely to use a virtual 
model for evaluating apparel fit in the 
future?  

Frequency Percent Mean SD 

1 Strongly not Likely 2 5.41 4.92 1.75 

2 Not Likely 3 8.11 
 

  

3 Slightly Not Likely 2 5.41 
 

  

4 Neutral 6 16.22 
 

  

5 Slightly Likely 7 18.92 
 

  

6 Likely 10 27.03 
 

  

7 Strongly Likely 7 18.92 
 

  

  Total 37 100     
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Table 38 

Likelihood of Using VM for Apparel Online Shopping 

Rating 
Would you be likely to use a virtual 
model for apparel online shopping in the 
future?  

Frequency Percent Mean SD 

1 Strongly not Likely 3 8.11 5.32 1.63 

2 Not Likely 0 0.00   

3 Slightly Not Likely 1 2.70   

4 Neutral 3 8.11   

5 Slightly Likely 9 24.32   

6 Likely 13 35.14   

7 Strongly Likely 8 21.62   

  Total 37 100     

 

 
Table 39 

Willingness to Pay Additional Fee to Use VM 

Would you be willing to pay more to use a 
virtual model to get pants that fit? Frequency Percent 

Yes 17 45.95 

No 20 54.05 

Total 37 100.00 
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Table 40 

Additional Payment Amount 

If yes, how much would you be willing to 
pay in addition to the basic cost of the 
pants? 

Frequency Percent 

$1-$5 more  6 35.29 

$6-$10more 7 41.18 

$11-$15 more 2 11.76 

$16-$20more 1 5.88 

more than $20 1 5.88 

Total 17 100.00 

 

Qualitative Analysis  

The participant interview responses for all the questions about their opinions of 

using the VM and their willingness to use it in the future were analyzed, and the 

following categories that encompass and summarize the data were developed: 

(1) Visual Information of the VM and Satisfaction of Using the VM. 

• VM provided an overall idea about the pants fit, and it was a good starting 

point to evaluate fit. 

• The visual information of overall pants fit in relation to the body shape was 

accurate and impressive.  

• Some aspects of the VM were inaccurate and limited: 1) fabric texture, 2) size 

representation, 3) limitations of viewing certain areas, 4) computer animated 

look, and 5) movement limitations.  

(2) Experience of using the VM and willingness and concerns about using the VM in 

the future.  

• Using the VM was a fun, interesting, and new experience.  
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• Viewing the garment on one’s own personal body will be especially beneficial 

versus viewing the picture of a model who is wearing the garment on an 

online shopping website.  

• Future concern: Viewing one’s own personal body too closely was 

uncomfortable. 

• Question about availability: Where would the technology be readily available? 

• Extra fee: Willing to use the VM but unwilling to pay extra money to use the 

VM because physically trying on a garment is possible in a store.  

• Willing to use the VM for sample fit evaluation in the apparel company as a 

starting stage (clothing design students only). 

  

The general participant responses were that the visual information from the VM 

provided them with an overall idea and feel about the pants fit. The visual information 

performed as a good starting point to judge fit, and the information was enough to make a 

size choice before they physically tried on the pants. They were especially impressed that 

the visual information of overall pants look or silhouette in relation to their body shape 

was very accurate. The example statements were as follows:  

 

“I would agree because it's more so than any other thing. As far as looking at 
these things on the rack, I wouldn't have any idea. And sizes today don't have any 
meaning.”  
 
“If I was shopping, it is a good estimate. A good starting point. For online 
shopping, it will be really good.”  
 
“It shows my body perfectly. I've never seen that good of a model of my body. So 
it looks good.”  
 

However, many participants commented that there were some aspects of the 

virtual simulation that made the pants fit image inaccurate. This inaccurate visual 

information was the reason for the participants who were not satisfied with using the VM 

or were not willing to use the VM in the future. On the contrary, some participants took 

consideration of the fact that the experiment was designed to replicate an online shopping 
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scenario, and the product results from online shopping are usually “a little bit off”; 

therefore, these participants said that they were satisfied with using the VM even though 

the test pants were somewhat different from their expectation. 

The main inaccuracy in the visual information was that the virtual simulation did 

not provide good information about fabric texture. The fabric on the VM was described 

as resembling a knit or a fabric with spandex as a component of the fiber content. The 

visual information of fabric draping was discussed as incorrect because the fabric on the 

VM was draped smoothly and did not accurately represent wrinkles that were found with 

the test pants on the PB.  

The visual information on the degree and the location of tightness and looseness 

was noted as not very accurate. Many comments were that the pants simulation on the 

VM looked tighter when compared to the actual test pants on the PB. The misjudgment of 

how much the pants were tight or loose was also related to the discussion that certain 

areas of the pants simulation had limited viewing capabilities. Two participants 

commented on the difficulty in distinguishing the location of the body’s leg in relation to 

the pants. They could not determine leg position underneath the pants; therefore, they 

could not judge whether the pants were too tight or too loose. Their comments were as 

follows:  

 

“But I don't think it shows enough where it would be too tight or where it would 
be too loose. If it was big in the back thigh, you can't really tell because it looks 
like that's my leg. But you can't tell right underneath is small or big.”  
 
“It is just kind of hard to tell. Is this supposed to be…for example, in the back 
thigh, I can't tell if that's away from the body and hanging straight or if it is fitted. 
I don't really understand how you are supposed to tell.” 
 

When the researcher mentioned what would happen if the garment was see-

through and a person could see the gap between the body and the garment, the participant 

stated that having a see-through virtual simulation was a good idea. Other areas of the 

pants simulation that were discussed by one participant as hard to view were the inseam 

and the crotch line.  
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A few participants commented that the computer animated look of the virtual 

simulation was disturbing because it did not look very realistic. But one participant said 

that because it was a computer image, she did not expect that a computer image could 

show all the wrinkles as it was in reality; therefore, she was satisfied with the computer 

image. Some participants expressed dissatisfaction due to the movement limitation of the 

VM.  

 

“You can't make the virtual model move to see how it is when you sit down. In 
the virtual model, you are stuck in one position. So you can't really see how the 
clothing moves with you. You can look at it from different angles. So that is good.”  
 
“The model is not moving. So you don't see how the pants are changing when you 
are walking and if there is a fit problem that way.”  
 

With regard to the questions about the experiences of using the VM, willingness 

to use it, and concerns about using it in the future, different positive and negative 

comments emerged. Positive responses were found about using the VM due to the fact 

that the VM was an impressive technology in spite of the fact that the technology was not 

yet perfectly accurate. Some participants commented that the experience was new and 

cool, and they were impressed how fast the process of viewing the garment on their body 

was. Feeling that it was an interesting and fun experience seemed to prompt some 

participants to be willing to use the VM in the future. They said they could see a good 

future for the technology because many people would want to use it especially for online 

shopping. The example responses were as follows:  

 

“A really interesting idea how to fit. A great way to judge fit and find custom 
pants.” 
 
“I am satisfied somewhat because it is a new thing for me. It is interesting for me. 
At least it could tell me something.” 
 
“It is a really neat idea. If it could be made to look more like real clothes, there 
will be a lot of people who would use that. But I would probably not. But I'm not 
a much of a shopper anyway. It is a good idea. It could have quite a future to it.” 
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To the question if they were likely to use a VM for apparel online shopping in the 

future, many participants said that they would be likely to use it because they were 

especially satisfied that they could view the garment on their body versus viewing the 

picture of a model who is wearing the garment on an online shopping website. Even 

though the simulation was not perfect in every detail, these participants thought that 

having their own body as a model was better than just seeing the garments on the models 

who do not look like them in terms of the measurement or shape. One participant said the 

VM would help a lot instead of the customer having to buy a couple of sizes when 

shopping online. Example statements were as follows:  

 

“I just really liked it, to use a scan of my own body versus looking at the pants on 
somebody who doesn't even look like me. I mean the pants look so good on them 
and when you try on, they just don't fit on the right spot.” 
 
“If you can see how it looks absolutely on you in online shop, you would 
probably more likely to purchase it. Instead of on a model or a mannequin, seeing 
on a real person helps a lot.” 
 

However, some participants said they were unlikely to use the VM because they 

still prefer going to stores and trying on clothes. This could be the general preference for 

shopping in the store rather than online shopping and may not be about dissatisfaction 

with using the VM. One participant said that using the VM did not look like a practical 

way to try on basic clothes. Some participants said after trying the VM they would not 

likely use it because the pants did not meet their expectations. Another participant said 

one dissatisfied experience would make her not want to use it again in the future. This 

shows that consumers may try a new technology once or twice because it is fun and 

interesting, but companies need to have good technologies in place from the beginning to 

have satisfied users.  

Concerns about using the body scan image were raised by some participants. 

There were a few participants who felt uncomfortable viewing their own body too closely. 

One participant commented that there could be privacy issues if companies send the scan 
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information to manufacturers. On the contrary, another participant said seeing herself as a 

VM was a cool experience. The participant comments were as follows:  

 

“It is kind of being weird being there. Oh it is me.” 
 
“Not everyone is satisfied with their body and this shows my body too closely.” 
 
“I like it a lot. I think it is really cool. I don't really like to see what my body 
actually looks like. Because I'm not very happy with it. But I think it really does a 
good job showing every detail. The pants fit were good overall.” 
 
“It is cool technology. I think a lot of people, even if it is not perfect, will want to 
do it just because it is cool. ‘Look at me I'm on the screen.’ like that.” 

 

When participants were asked about their likelihood of using the VM, some 

questioned where this kind of service would be readily available.  

When participants were asked if they were willing to pay an extra fee to use a VM 

to get pants that fit, some participants said that because they could go to a store and try 

garments on, they did not want to or did not find it necessary to pay extra. One 

participant said if the apparel brand was selling only online, she would pay more, but if it 

was also selling in the stores, she would go to the stores. Another participant said she 

would be willing to use it but not pay extra. These responses imply that companies 

implementing the service would need to have a strategy to show to their customers the 

benefit of using the VM online instead of going to a store.  

A few participants said that because they usually had problems finding pants that 

fit well, they were willing to pay an extra fee to use a VM to get pants that fit them. One 

participant said that she would do it for fun just once; her response again showed the 

experience of using the technology could be enjoyable for some people.  

An additional question was asked only to participants majoring in clothing design. 

They were asked if they would use the virtual simulation to evaluate fit of test garments if 

they become designers in the apparel industry. Almost all of them said they would use the 

technology; however, most of them said they would like to use it as a starting point and 

then do a fit test on a real person at some stage. One participant commented about her 
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internship experience; the body measurements of the company fit model did not seem to 

be truly representative of the company customers. She suggested that using the scanned 

models of a company’s customers would likely increase sales volume.  

Summary: Opinions on Using the VM and Future Willingness to use the VM 

The findings from the quantitative data and the interviews for eight questions 

about participant opinions regarding using the VM in evaluating fit and their willingness 

to use it in the future are summarized. The participants had positive opinions that the VM 

gave relatively good visual information in evaluating pants fit; however, the visual 

information was more of an overall idea and overall shape, which could be used as a 

starting point to evaluate fit rather than accurate representation of every detail of a 

garment including fabric textures and wrinkles, and body movement. For these reasons 

approximately one-half of the participants were satisfied with using the VM, and 

approximately one-half of the participants were dissatisfied or had neutral opinions about 

using the VM.  

The participants had some concerns about using the technology for online 

shopping including privacy issues, availability, and technological limitations; however, 

many participants were likely to use a VM for evaluating apparel fit in the future, 

especially for online shopping. These participants found that viewing the garment on 

one’s own body would be beneficial versus viewing a picture of a model who is wearing 

the garment on an online shopping website. However, not all the participants who were 

likely to use the technology were willing to pay an extra fee to use it. Most of the 

participants with clothing design background were willing to use the VM for sample fit 

evaluation in the apparel company as a starting point.  
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CHAPTER FIVE: DISCUSSIONS AND CONCLUSION 

 This chapter presents a summary of findings, discussion of the results, study 

limitations, and recommendations for future study. Finally, conclusions from the study 

are presented.  

Discussions 

The purpose of the research was (1) to investigate the fidelity and accuracy of a 

3D virtual garment simulation tool in assessing fit on a 3D VM by comparing the 

resulting fit on the 3D VM and on the participant real body through participant evaluation 

and (2) to evaluate the effectiveness of the tool for 3D online virtual clothing shopping 

for consumers. 

The study adopted Ferwerda’s (2003) framework of functional realism in 

computer graphics to assess fidelity and accuracy of a 3D virtual garment simulation tool. 

In the framework, computer graphic images that have functional realism have to provide 

the “same visual information as the scene” (p. 293) that the images are representing. The 

functionally realistic models must contain fidelity and accuracy; fidelity is described as 

the properties of the computer graphic image that “allow the observer to perceive 

important properties of the scene with the same certainty that they could in the real 

world” (p. 294). Fidelity is also described as being measured by the extent of the 

observer’s abilities “to perform meaningful visual tasks using different kinds of images” 

(p. 294). Accuracy is described as “the correctness of the image with respect to some 

physically measurable property of the scene such as radiance” (p. 294). 

In this study, the physically measurable properties of the fit of the virtually 

simulated pants include the material, shape, size, length, critical locations on the pants, 

and sensory information. The meaningful visual tasks that the participants performed 

were the fit evaluations in an online shopping experience that the study was replicating. 

However, accuracy and fidelity are very closely related in this study because the accuracy 

of the physical properties of the pants simulation determined the degree of the participant 
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ability to perform the meaningful tasks with the simulation images; therefore, the study 

findings regarding accuracy and fidelity are discussed both separately and jointly. 

Additional factors of the effectiveness of a virtual garment simulation tool were identified 

from the study results; these factors were concerns for privacy and modesty and pants 

style preferences. A model of functional realism and additional factors of effectiveness of 

a virtual garment simulation tool was developed and is presented in Figure 11. 

 

 

 

 

Figure 11. Model of Functional Realism and Additional Factors of Effectiveness of a 

Virtual Garment Simulation Tool 

 

The results of the study showed that in most cases the overall physical 

appearances of the virtual pants on the VM were similar to the test pants on the PB. But 

the virtual simulation tool did not provide a completely accurate description of the 

physical characteristics of the test pants fit that occurred on the PB. The fit on the VM 



117 
 

represented only an approximation of the true fit. The degree of the fidelity was sufficient 

for the participants to perform the starting stage of fit evaluation. Participants could select 

the size range that might fit them in real life but were not always able to select the correct 

size.   

The results led to the conclusion that the overall accuracy of the virtual simulation 

tool was moderately good but not to the extent that the participants could perform all the 

aspects of the meaningful task of the fit evaluation that were important. This indicates 

that the fidelity of the virtual simulation tool was moderate as well. In depth discussions 

about each property are in the following section.  

Material  

The fabric for the test pants was a 60% cotton and 40% polyester blend gabardine 

twill. The physical properties of the fabric were measured in a specialized lab following 

the required software standard. However, inaccurate representation of the material was 

the most apparent issue throughout the findings and discussions from the participant fit 

evaluations.  

The first problem that the participants repeatedly commented on was that the 

fabric simulation was laying smoothly on the VM, but many wrinkles were visible on the 

PB. The issue about the wrinkles was most evident in discussions about the abdomen, 

back thigh, and front crotch areas. It was not a big issue, however, at the hip, front, thigh, 

and back crotch where the fits on the VM and on the PB at these locations were reported 

to similarly exhibit smooth fabric.  

Virtual garments are made of polygonal meshes. In order to achieve a speedy 

computational time, the polygon sizes need to be larger; however, larger polygons cannot 

simulate small wrinkles that are smaller than the size of the polygons (Volino & Cordier, 

2004). This suggests that the polygon sizes composing the virtual pants in this study 

might not have been small enough to represent all the necessary wrinkles.  

Furthermore, the findings from this study suggest that additional fabric tests are 

necessary to improve the accuracy of fabric simulation. A variety of standard fabric tests 
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have been developed to accurately model fabric behaviors in simulations. Among the 

different standard tests, the FAST method, the test that was used in this study, is 

described as a simpler test which only determines the linear parameters of fabrics 

(Magnenat-Thalmann et al., 2007). This computer graphic research asserts that despite 

use of the fabric parameters from the standard fabric tests, fabric deformation, such as 

wrinkles, creases, and bunching, cannot be modeled easily; simulating an accurate fabric 

deformation requires a more complex calculation of parameters as well as “other subtle 

behaviors of fabrics that cannot be characterized and measured directly ”(p.36). The 

researchers additionally noted that draping tests are used to measure wrinkle patterns 

including number and depth of wrinkles (Magnenat-Thalmann et al., 2007).  

The second problem that the participants repeatedly commented on was that the 

textures from the fabric structure and the fiber content were inaccurately represented on 

the VM. The fabric on the VM appeared to be a knit or a fabric with spandex as a 

component of the fiber content, which resulted in the virtual pants looking like work-out 

pants. Rendering and bump mapping techniques are used to create realistic fabric textures 

(Magnenat-Thalmann et al., 2007).  One challenge to the techniques is that the 

appearance of fabric rendering can look different from various viewing distances 

(Adabala, 2004).  In this study, the zoom-in view showed the proper fabric textures and 

weave, but the distance view showed a very smooth and shiny surface. The study findings 

indicated that improved rendering techniques are necessary.  

An additional solution to inaccuracy in fabric representation is ongoing research 

on haptic technology. Haptics is defined as a technology that creates a sense of touch and 

allows people to sense the virtual object with the use of haptic devices in multi-modal 

media (Acosta et al., 1999). HAPTEX projects at MIRALab do a haptic research, 

particularly for textile simulation; the word HAPTEX stands for “HAPtic sensing of 

virtual TEXtiles” (Magnenat-Thalmann et al., 2007,  p. 35). The possibility of sensing the 

texture of virtual garments will be a great help for advancing the use of garment 

simulation technologies for virtual online shopping.  
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Shape 

The overall pants look or silhouette in relation to the individual’s body shape was 

discussed as being very accurate on the VM. An important task that is a measure of 

fidelity in this study is the effectiveness of the tool that helps consumers shop at an online 

shopping website. The software’s accuracy in representing the overall pants look or 

silhouette in relation to the individual’s body shape increased fidelity. Participants 

reported that their ability to purchase the correct size garment would increase if they 

could view the garment on their virtual body versus viewing a picture of a model who is 

wearing the garment on an online shopping website. 

Each fit factor contained a different degree of accuracy. The fit factors of the 

virtual pants simulation that were discussed to represent an accurate shape included the 

hip and waistband. The discussions on the hip shape comparisons between virtual pants 

and real pants at the hip were positive in that the shape skimmed over the body in the 

same way and the overall silhouettes were alike.  

The waistband shape on the VM contained both accurate and inaccurate 

properties representing the real waistband shape. Accuracy included that both pants fit on 

the VM and PB, both exhibiting a smooth and even waistband shape. Inaccuracy included 

the degree of the curve at the waistband center; the waistband shape on the PB was 

relatively straight while the waistband shape on the VM was overly curved. The hem 

shape similarly exhibited the same property; the inseam of the hem was longer than the 

sideseam of the hem, which resulted in an uneven hem shape on the VM. These findings 

indicate that there may be a mechanical force operating in the simulation that pulls the 

side of the pants in an upward direction, which curves the waistband shape and produces 

the uneven hem shape (Figure 12). However, inaccurate representation of the degree of 

the curve at the waistband center did not appear to significantly affect the fit evaluation 

tasks the participants performed. With respect to the hem shape, however, inaccurate 

shape representation on the VM affected the fit evaluations because some participants 

were concerned about the uneven hem shape on the VM and gave lower fit ratings. If this 

misrepresentation occurs during online shopping, consumers may be misled and decide 
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not to purchase the pants for this reason. If this misrepresentation occurs during the 

sample making and product evaluation process in apparel companies, patternmakers may 

be misled and decide to lengthen the outseam of the pants. 

  

 

Figure 12. Comparison between Waistband and Hem Shape on the VM and on the PB 

 

Technological limitations in accurately representing garment to body shape 

relationships were found to affect the fit evaluation tasks. 3D images from a body scanner 

are solid and uncompressible images at the current stage of the technology; therefore, 

modifying the shape of the body scan images in accordance to the garment tension is not 

feasible (Figure 13).  

 

Figure 13. Examples of Uncompressible Body Scan Image and Compressible Real Body 
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In this study, this limiting condition influenced the fit evaluations at the 

waistband, abdomen, and hip. In reality, the pressures exerted by a tight pants fit would 

alter a person’s body shape. For example, if the waistband is too tight, the excess flesh 

around a person’s waist would bulge over the waistband line, which today many women 

refer to as a “muffin-top”. However, the results from this study showed that the pant 

simulation over the scanned image conformed to the form and shape of the body scan 

images. This limiting feature was apparent in the study findings when no participant 

determined that the simulated pants might be tight around the waistband area; however, 

participants were able to evaluate a tight test pants fit on the body, and the researcher 

could identify this as excess flesh bulging above the waistband on those particular 

participants. Another example from this study is that one participant discussed that she 

usually liked the pants that modify her “butt shape better,” which is an impossible fit 

component to evaluate with the technology even if the pants were designed to shape 

wearers’ hip shapes. Due to this limiting condition, for the apparel designs where the goal 

is to re-shape the body, like inner wear including corsets and bras, using this technology 

for fit evaluations would not be appropriate at its current stage. 

The simulation conformed to a solid body shape. The crotch seam appeared to 

present problems related to the solid scan body compared to a real body with soft 

compressible tissue especially in the entire crotch seam area. Additionally there is the 

problem of patching the crotch areas where the scanner cannot capture the real shape. 

Assumptions on the shape of that area were made in order to create a solid form. The 

combination of solid scan body and crotch shape patching assumptions could lead to the 

differences that were seen in fit related to crotch seam. The solid scan could cause the 

center front and back waistband to pull down, while the real soft body would allow a 

more conforming fit allowing the waistband to lay smoothly around the waist. Likewiase, 

the solid scan would cause the side seams to pull up in relation to the “anchored” or solid 

crotch seam area.  

Another issue related to non-modifiable scanned images was pressure from the 

undergarment. This issue could be both a negative and a positive factor to virtual garment 

simulation. Additionally it is related to the issue of using a computer animated avatar 
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versus using a body scanned image as a virtual model for virtual fit evaluations. In this 

study, this issue was most related to fit evaluations at the hip and abdomen areas, which 

were most affected by panties that the participants were wearing during the scanning 

procedure. The compression and additional fabric layer from the underpants formed 

uneven surfaces on the body scan images. In contrast, a computer generated avatar from 

this software does not appear to recognize tensions or the additional layering effect from 

undergarments; therefore, the avatar’s body surface is smooth regardless of the 

undergarment types that the avatar puts on. 

The negative side of using the scanned image versus an avatar is that the layering 

effect from the underpants may be something that is compressible when the fabric layer 

from the pants is added. However, the positive side of using the scanned image is that the 

representations of the participants’ bodies are realistic because the scanner captures the 

surface body image as its condition of wearing the undergarment. During the fit 

evaluation at the abdomen and hip, participants observed that the wrinkles at the 

abdomen and the indentation at the side hip might be associated with their 

undergarments.  

Research to develop the ability to modify an avatar has been undertaken. This 

technique is called skin deformation (Seo, 2004; Aubel, 2004) and the most widely used 

method is called the ‘skin-to-bone technique’; the technique assigns and attaches each 

vertex of mesh representing skin to “its affecting bones” (Seo, 2004, p. 88) and “the 

vertex will move as the bone is transformed in order to stay aligned with it” (Seo, 2004, p. 

88). Avatar skin that was made with the skin-to-bone technique could be deformed 

through contact with another object, including clothing. However, a search for studies 

involving modifiable 3D scanned imaging yielded nothing. Both technologies could 

greatly improve the accuracy of the virtual simulation software for fit evaluation. 

Size 

Inaccuracy in size representation of the test pants was another cause for reduction 

in the fidelity of the virtual garment simulation software. The overall pants size on the 
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VM was reported as tighter throughout the findings and discussions from the participant 

fit evaluations. This issue also influenced accuracy of the shape representation because 

when the virtual pants size was tighter, the shape looked more contoured. More 

specifically, each fit factor contained a different degree of accuracy. The fit factors of the 

virtual pants simulation that were reported to show accurate size representations included 

the front and back waistband, and back crotch; moderately accurate size representations 

included the hip; inaccurate size representations included abdomen, front crotch, front 

thigh and back thigh.  

The discussions of the waistband and back crotch size comparisons between 

virtual pants and real pants were positive in that the looseness/tightness of the waistband 

on the VM was similar to the real pants. The hip size comparison revealed that overall 

hip size on the VM looked similar to the real pants or looked slightly tighter than the real 

pants. Abdomen, front crotch, front thigh and back thigh fit on the VM looked tighter 

than the actual fit on the PB.  

Ashdown and DeLong (1995) studied the smallest differences of ease values in 

pants that could be perceived by participants. The results showed that participants were 

able to perceive ease variations of 5mm to 15mm at different locations of the test pants. 

Additionally, participants evaluated the level of acceptance for wear for different pants 

with various ease values, and participants showed different acceptance levels depending 

on the different fit locations on the pants. The study findings suggest that consumer 

ability to perceive size differences in garments are quite sensitive. In order to achieve 

good fidelity for virtual garment simulation software, the software would need to provide 

information with which consumers could differentiate garment size differences with 

similar sensitivity.  

Length 

Accuracy of pants length representation on the VM was evaluated during the hem 

fit evaluation, and the pants length representation was found to be quite accurate. The 

accurate visual information in virtual simulation technology led the participants to make 
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correct fit decisions regarding pants length despite the limitations of the infeasibility of 

viewing the virtual model wearing desired heel heights. This suggests that this limitation 

does not hinder participants in perceiving the hem length with the virtual simulation; 

therefore, viewing capabilities with shoe height may not be a critical component in 

improving functional realism of garment simulation software.  

Location 

Fit factors that formed the discussions regarding the accuracy of critical locations 

on the pants included the waistband, front and back crotch, side and inseam. Each fit 

factor contained a different degree of accuracy. Waistband position on the VM was 

discussed to be an accurate representation of the real pants. Back crotch position on the 

VM was also a relatively accurate representation of the real pants while the front crotch 

position on the VM was reported to be inaccurate because it was higher than the real 

pants. Some discussions revealed that the crotch locations were difficult to determine on 

the VM.  

The seamline evaluation in this study included the inseam and sideseam 

evaluations. Inseam position on the VM was reported to be an accurate representation of 

the real pants. The sideseam position on the VM contained an inaccurate property with 

respect to the real pants. Many participants observed that the sideseam was not straight 

from the waist to hip level on the VM while it was straight on the PB.  

Inaccurate representation of front crotch position and sideseam position misled 

the participants into selecting a larger size than they would have actually preferred, which 

in consequence became the elements that lowered the fidelity of the software. If this were 

to become the case in virtual online shopping, the visual information would also lead 

consumers to select an incorrect size.  

Ferwerda (2003) discussed the advantages of using drawings that have functional 

realism over photographs; he argued that a well illustrated drawing can provide more 

useful visual information that might be difficult to view or is hidden in a photograph. In 

this study, the sideseam on the virtual pants was an excellent example supporting his 
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argument. One participant commented that the ability to view the sideseam was helpful 

for the fit evaluation because the sideseam is difficult to observe in photographs on an 

online shopping website. Ferwerda’s argument and the participant opinion suggests that 

the capability of viewing the seamline position would increase fidelity of the garment 

simulation tool.  

Sensory Limitation  

Participants felt there were limitations in evaluating fit without sensory 

information, especially when judging how tightly the pants fit. Increased satisfaction with 

use of the technology for online shopping would result if consumers could receive 

sensory information from the simulation. Likewise, creation of an avatar capable of 

“feeling” garment pressure in the virtual world of online shopping and of providing 

proper facial expressions would better inform fit evaluations. A virtual human that has 

the ability to sense other virtual objects or virtual humans in its virtual environment and 

the ability to make its own decisions and to express its emotion is called an Autonomous 

Virtual Human (Magnenat-Thalmann & Thalmann, 2004). Techniques to create realistic 

facial expressions needs to accompany the development of Autonomous Virtual Humans. 

Creating Autonomous Virtual Humans and realistic facial expressions is a challenge in 

the computer graphics field.  

Body Scanning: Privacy and Modesty Concerns 

The potential use of simulation technologies for online shopping is not simply 

dependent on the degree of the realism of the technology. Consumer emotions generated 

from the engagement in virtual reality is also another issue that needs to be taken into 

consideration.  

Despite the moderate accuracy and fidelity of functional realism in virtual 

simulation technology, this study found positive potential for popular use of this 

technology in online shopping. Evidence included participants’ positive emotions 



126 
 

expressed with using the technology. Such use was described new, fun, and an interesting 

experience. In addition, one participant felt that viewing a realistic self as a VM in the 

computer was a “cool” experience. On the other hand, the downside of using body scan 

images in virtual simulation was also found in the negative emotions expressed by some 

participants. There were contrasting emotional reactions to viewing one’s own body scan 

as a VM. Embarrassment was felt at observing one’s own body too closely. These 

findings coincide with the reactions of the participants from the study by Loker, Cowie, 

Ashdown, and Lewis (2004). The researchers reported that only half of the 203 female 

participants were comfortable viewing their scan images and the other half were not. 

Furthermore, concerns about apparel companies and manufacturers possessing the body 

scan data was discussed. This finding is in accordance with discussions from a previous 

study, which reported that consumers were concerned about losing privacy and security if 

their body scan data is not securely stored by apparel companies (Anderson-Connell, 

Ulrich, & Brannon, 2002).   

Pants Style Issue 

The style of the test pants and fabric might not have been the most attractive and 

desirable for these participants. Even though participants were asked to concentrate on 

the fit of the pants and not the pants design their preferences of the test pants design 

might have influenced the final decision to keep or return the pants 

Conclusion 

This study revealed many important aspects of 3D virtual garment simulation 

technology, offering valuable information about the technology for both apparel and 

computer graphics researchers. The study is especially meaningful because the evaluation 

of the virtual garment simulation technology was tested from the perspective of the 

traditional apparel field. This is in contrast to more traditional research involving 

software development where due to the background of the computer scientist, an 
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understanding of the perspective of the garment industry and in-depth knowledge of 

apparel fit is limited.  

The findings of the study indicated that both accuracy and fidelity of the virtual 

simulation tool were moderately good; however, the simulation was not completely 

accurate to enable participants to perform all the necessary visual tasks related to fit 

evaluation for online shopping. The major difference between the fit on the VM and the 

fit on the PB was inaccurate material representations. The fabric simulation was laying 

smoothly on the VM, but many wrinkles were visible on the PB. Additionally, the fabric 

texture was inaccurately represented and the simulated fabric was described as 

resembling a knit fabric.  

The virtual garment simulation accurately represented the test pants length and 

the waistband position. The most accurate aspect of the simulation was the overall pants 

silhouette in relation to the individual’s body shape. This accuracy would make the tool 

effective in helping consumers shop at an online shopping website. However, even with 

such an accurate overall shape representation, significant technological limitations were 

found in accurately representing garment to body shape relationships. Because 3D images 

from a body scanner were solid and uncompressible images, the shape of the body scan 

images could not be modified in accordance to garment tension. Due to this limitation, in 

some cases, the pants size was inaccurately represented, and the waistband and hem 

shape were deformed.  

Even though participants found some aspects of the virtual model inaccurate and 

limited, their overall attitude about using the technology was positive, and their 

likelihood of the using the technology for online shopping in the future was high; 

however, their likelihood of returning the pants were also high if they purchased the test 

pants. These contradictory results indicate that consumers may be fascinated with the 

new technology. However, companies need to have improved technologies in place to 

have satisfied continuing users. If the consumers have to return garments because the fit 

is different from what they viewed on an online shopping website, it would be a waste of 

their time and money. In addition, returned products would be a considerable financial 

loss for apparel companies. This study showed that technological improvement in the 
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garment simulation tool is necessary to make the tool more effective for 3D online virtual 

clothing shopping for consumers.  

Both the limitations and the positive aspects of the tool were identified in this 

research. These findings will help computer scientists in developing and improving 3D 

virtual garment simulation technologies. Designers and merchandisers who use this type 

of technology in the apparel industry would be able to make full use of the benefits of the 

technology while taking its limitations into consideration. Ultimately the improved 

technology implemented in online shopping websites will help apparel consumers to 

make satisfactory and reliable online purchase decisions.  
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APPENDIX A: Participant Information Form 

Please fill out this form to the dotted line.  The researcher will complete information 

below the dotted line. 

Today’s Date: __________ 

Name: _____________________________________________________ 

E-mail Address: ___________________________________________________ 

Phone: (home) _________________ (cell)__________________________ 

 

 

1. Age: _____________________    

2. Date of Birth: _____________________ 

3. School Year:  (1) Freshman     (2) Sophomore    (3) Junior    (4) Senior   

                  (5) Graduate Student (6) Other:_________________ 

 

 

4. Major: ______________________________________ 

 

 

5. What is your self assessment of fit knowledge? In other words what is your skill level 

in assessing the fit of a garment when worn by a person? 

(1) Extremely poor 

(2) Below average 

(3) Average 

(4) Above average 

(5) Excellent 
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Schedule: Please cross out times you are NOT available for research activities. 

 Monday Tuesday Wednesday Thursday Friday 

8 - 9 am      

9 - 10 am      

10 -11 am      

11am – noon      

Noon – 1pm      

1 – 2pm      

2 – 3 pm      

3 – 4 pm      

4 – 5 pm      

5 – 6 pm      
 

 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

First Appointment:    Date: __________ Time: __________  

Second Appointment:   Date: __________ Time: __________  

 

Measurements Waist Hip Height ASTM Size 
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APPENDIX B: Participant Evaluation of Pant Fit: On Virtual Model 

 
Participant # _________ Participant Name ____________ Date __________  

 
 
 
Text read to participant:  
 
Please evaluate the fit of the pants you are viewing on the screen. Disregard the style of the 
pants. I will read several “fit factors” concerning your evaluation of the fit of the pants. I will ask 
you to rate the fit factors on a 7-point scale: 1 will be the lowest score representing extremely 
poor fit, 2 is poor fit. 3 is below average fit, 4 is average fit, 5 is above average fit, 6 is good fit, 
and 7 is the best score or excellent fit. I then may ask some follow-up questions concerning your 
rating. 
  
 
1. Fit Evaluation 
 
1) What is your overall evaluation of the pants fit?  
 
 

Extremely          Poor           Below          Average         Above        Good         Excellent                                   
                Poor Fit             Fit          Average Fit         Fit           Average Fit         Fit                Fit  

 Overall Fit:       1 --------------  2 -------------- 3 -------------- 4 -------------- 5 -------------- 6 -------------- 7  
 
 

• Question:  
What are the reasons for your rating?  
 
 
 
Text read to participant: 
 
I will now ask you to look at specific areas of the garment and evaluate the fit. I will have you look 
at the garment starting at the top of the pant, observing the area all around the body by rotating 
the model. I then may ask some follow-up questions concerning your rating. 
 
 
 
2) I will have you look at these parts of the garment for fit evaluation: waistband, abdomen, 
hip, thigh, crotch seam, side, inseam, and hem. What is your evaluation of the fit at the site? 
 

 
Extremely          Poor           Below          Average         Above        Good         Excellent                                   

                Poor Fit             Fit          Average Fit         Fit           Average Fit         Fit                Fit  
Front Waistband:       1 --------------  2 -------------- 3 -------------- 4 -------------- 5 -------------- 6 -------------- 7 
 
 

• Question:  
What are the reasons for your rating?  
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Extremely          Poor           Below          Average         Above        Good         Excellent                                   
                Poor Fit             Fit          Average Fit         Fit           Average Fit         Fit                Fit 

Back Waistband:       1 --------------  2 -------------- 3 -------------- 4 -------------- 5 -------------- 6 -------------- 7 
 
 

• Question:  
What are the reasons for your rating?  
 
 

Extremely          Poor           Below          Average         Above        Good         Excellent                                   
                Poor Fit             Fit          Average Fit         Fit           Average Fit         Fit                Fit 

Abdomen:       1 --------------  2 -------------- 3 -------------- 4 -------------- 5 -------------- 6 -------------- 7 
 
 
 

• Question:  
What are the reasons for your rating?  

 
Extremely          Poor           Below          Average         Above        Good         Excellent                                   

                Poor Fit             Fit          Average Fit         Fit           Average Fit         Fit                Fit 
Hip:        1 --------------  2 -------------- 3 -------------- 4 -------------- 5 -------------- 6 -------------- 7 
 
 
 

• Question:  
What are the reasons for your rating?  
 
 

Extremely          Poor           Below          Average         Above        Good         Excellent                                   
                Poor Fit             Fit          Average Fit         Fit           Average Fit         Fit                Fit 

Front Thigh:       1 --------------  2 -------------- 3 -------------- 4 -------------- 5 -------------- 6 -------------- 7 
 
 

• Question:  
What are the reasons for your rating?  
 
 

Extremely          Poor           Below          Average         Above        Good         Excellent                                   
                Poor Fit             Fit          Average Fit         Fit           Average Fit         Fit                Fit 

Back Thigh:       1 --------------  2 -------------- 3 -------------- 4 -------------- 5 -------------- 6 -------------- 7 
 
 

• Question:  
What are the reasons for your rating?  
 
 

Extremely          Poor           Below          Average         Above        Good         Excellent                                   
                Poor Fit             Fit          Average Fit         Fit           Average Fit         Fit                Fit 

Front Crotch       1 --------------  2 -------------- 3 -------------- 4 -------------- 5 -------------- 6 -------------- 7 
 
 

• Question:  
What are the reasons for your rating?  
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Extremely          Poor           Below          Average         Above        Good         Excellent                                   
                Poor Fit             Fit          Average Fit         Fit           Average Fit         Fit                Fit 

Back Crotch       1 --------------  2 -------------- 3 -------------- 4 -------------- 5 -------------- 6 -------------- 7 
 
 

• Question:  
What are the reasons for your rating?  
 
 

Extremely          Poor           Below          Average         Above        Good         Excellent                                   
                Poor Fit             Fit          Average Fit         Fit           Average Fit         Fit                Fit 

Left Side:       1 --------------  2 -------------- 3 -------------- 4 -------------- 5 -------------- 6 -------------- 7 
 
 

• Question:  
What are the reasons for your rating?  
 

 
Extremely          Poor           Below          Average         Above        Good         Excellent                                   

                Poor Fit             Fit          Average Fit         Fit           Average Fit         Fit                Fit 
Right Side:       1 --------------  2 -------------- 3 -------------- 4 -------------- 5 -------------- 6 -------------- 7 
 
 

• Question:  
What are the reasons for your rating?  
 
 
 

Extremely          Poor           Below          Average         Above        Good         Excellent                                   
                Poor Fit             Fit          Average Fit         Fit           Average Fit         Fit                Fit 

Inseams:       1 --------------  2 -------------- 3 -------------- 4 -------------- 5 -------------- 6 -------------- 7 
 
 

• Question:  
What are the reasons for your rating?  
 
 
 

Extremely          Poor           Below          Average         Above        Good         Excellent                                   
                Poor Fit             Fit          Average Fit         Fit           Average Fit         Fit                Fit 

Hem:        1 --------------  2 -------------- 3 -------------- 4 -------------- 5 -------------- 6 -------------- 7 
  
 

• Question:  
What are the reasons for your rating?  
 
 
2. Fit Expectation 
1) What are your expectations for fit of the pants that are made from this virtual model? 
 

Extremely          Poor           Below          Average         Above        Good         Excellent                                   
                Poor Fit             Fit          Average Fit         Fit           Average Fit         Fit                Fit 

        1 --------------  2 -------------- 3 -------------- 4 -------------- 5 -------------- 6 -------------- 7 
 

• Question:  
What are the reasons for your rating?   
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APPENDIX C: Participant Evaluation of Pant Fit: On the Body 

 
Participant # ___________ Participant Name ___________________ Date __________ 

 
Text read to participant: 

 
The pants that you viewed on the virtual model were made into a garment. I will read several “fit 
factors” concerning the fit of the pants. Please evaluate the fit of the pants on your body. 
Disregard the style of the pants. I will ask you to rate the fit factors on a 7-point scale: One (1) will 
be the lowest score representing extremely poor fit, 2 is poor fit. 3 is below average fit, 4 is 
average fit, 5 is above average fit, 6 is good fit, and 7 is the best score or excellent fit. I then may 
ask some follow-up questions concerning your rating.  Please take a few minutes to observe 
yourself in the full length mirror. Look at front, back and both sides and move around if you like. 
 
1. Fit Evaluation 
 
1) What is your overall evaluation of the fit of the pants?  
 
 

Extremely          Poor           Below          Average         Above        Good         Excellent                                   
                Poor Fit             Fit          Average Fit         Fit           Average Fit         Fit                Fit  

 Overall Fit:       1 --------------  2 -------------- 3 -------------- 4 -------------- 5 -------------- 6 -------------- 7  
 
 

• Question:  
What are the reasons for your rating?  
 
 
 
 
Text read to participant: 
 
I will now ask you to look at specific areas of the garment and evaluate the fit. I will have you look 
at the garment starting at the top of the pant, observing the area all around the body in front of a 
mirror. I then may ask some follow-up questions concerning your rating.  
 
2) I will have you look at these parts of the garment for fit evaluation: waistband, abdomen, 
hip, thigh, crotch seam, side, inseam, and hem. What is your evaluation of the fit at the site? 

 
Extremely          Poor           Below          Average         Above        Good         Excellent                                   

                Poor Fit             Fit          Average Fit         Fit           Average Fit         Fit                Fit  
Front Waistband :       1 --------------  2 -------------- 3 -------------- 4 -------------- 5 -------------- 6 -------------- 7 
 
 

• Question:  
What are the reasons for your rating?  
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Extremely          Poor           Below          Average         Above        Good         Excellent                                   
                Poor Fit             Fit          Average Fit         Fit           Average Fit         Fit                Fit 

Back Waistband :       1 --------------  2 -------------- 3 -------------- 4 -------------- 5 -------------- 6 -------------- 7 
 
 

• Question:  
What are the reasons for your rating?  
 
 

Extremely          Poor           Below          Average         Above        Good         Excellent                                   
                Poor Fit             Fit          Average Fit         Fit           Average Fit         Fit                Fit 

Abdomen:       1 --------------  2 -------------- 3 -------------- 4 -------------- 5 -------------- 6 -------------- 7 
 
 

• Question:  
What are the reasons for your rating?  

 
 
Extremely          Poor           Below          Average         Above        Good         Excellent                                   

                Poor Fit             Fit          Average Fit         Fit           Average Fit         Fit                Fit 
Hip:        1 --------------  2 -------------- 3 -------------- 4 -------------- 5 -------------- 6 -------------- 7 
(Including Back Darts) 
 
 

• Question:  
What are the reasons for your rating?  
 
 

Extremely          Poor           Below          Average         Above        Good         Excellent                                   
                Poor Fit             Fit          Average Fit         Fit           Average Fit         Fit                Fit 

Front Thigh:       1 --------------  2 -------------- 3 -------------- 4 -------------- 5 -------------- 6 -------------- 7 
 
 

• Question:  
What are the reasons for your rating?  
 
 
 

Extremely          Poor           Below          Average         Above        Good         Excellent                                   
                Poor Fit             Fit          Average Fit         Fit           Average Fit         Fit                Fit 

Back Thigh:       1 --------------  2 -------------- 3 -------------- 4 -------------- 5 -------------- 6 -------------- 7 
 
 

• Question:  
What are the reasons for your rating?  
 
 
 

Extremely          Poor           Below          Average         Above        Good         Excellent                                   
                Poor Fit             Fit          Average Fit         Fit           Average Fit         Fit                Fit 

Front Crotch:       1 --------------  2 -------------- 3 -------------- 4 -------------- 5 -------------- 6 -------------- 7 
 
 

• Question:  
What are the reasons for your rating?  
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Extremely          Poor           Below          Average         Above        Good         Excellent                                   
                Poor Fit             Fit          Average Fit         Fit           Average Fit         Fit                Fit 

Back Crotch:       1 --------------  2 -------------- 3 -------------- 4 -------------- 5 -------------- 6 -------------- 7 
 
 

• Question:  
What are the reasons for your rating?  

 
 
 

Extremely          Poor           Below          Average         Above        Good         Excellent                                   
                Poor Fit             Fit          Average Fit         Fit           Average Fit         Fit                Fit 

Left Side:       1 --------------  2 -------------- 3 -------------- 4 -------------- 5 -------------- 6 -------------- 7 
 
 

• Question:  
What are the reasons for your rating?  

 
 

Extremely          Poor           Below          Average         Above        Good         Excellent                                   
                Poor Fit             Fit          Average Fit         Fit           Average Fit         Fit                Fit 

Right Side:       1 --------------  2 -------------- 3 -------------- 4 -------------- 5 -------------- 6 -------------- 7 
 
 

• Question:  
What are the reasons for your rating?  
 
 

Extremely          Poor           Below          Average         Above        Good         Excellent                                   
                Poor Fit             Fit          Average Fit         Fit           Average Fit         Fit                Fit 

Inseams:       1 --------------  2 -------------- 3 -------------- 4 -------------- 5 -------------- 6 -------------- 7 
 
 

• Question:  
What are the reasons for your rating?  
 
 
 

Extremely          Poor           Below          Average         Above        Good         Excellent                                   
                Poor Fit             Fit          Average Fit         Fit           Average Fit         Fit                Fit 

Hem:        1 --------------  2 -------------- 3 -------------- 4 -------------- 5 -------------- 6 -------------- 7 
  
 

• Question:  
What are the reasons for your rating?  
 
 
 
2. Comparison between Fit on the Virtual Model and Fit on the Body 
 
Text read to participant: 

 
I will now ask you to compare fit of the pants on the virtual model and fit on your body. I will 
provide the virtual model image you evaluated before. I will ask you to rate how strongly you 
agree or disagree with the following statement on a 7-point scales:  One (1) will be the lowest 
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score representing strongly disagree, 2 is disagree, 3 is disagree somewhat, 4 is neutral, 5 is 
agree somewhat, 6 is agree, and 7 is strongly agree with the statement. I then may ask some 
follow-up questions concerning your rating.  
 
1) The overall pants fit on the body is the same as the pants fit on the virtual model.  
 
 

Strongly         Disagree      Disagree         Neutral        Agree       Agree          Strongly                                   
              Disagree                            Somewhat                         Somewhat                           Agree  

 Overall Fit:       1 --------------  2 -------------- 3 -------------- 4 -------------- 5 -------------- 6 -------------- 7  
  
 

• Question:  
What are the reasons for your rating?  
2) I will have you look at specific areas of the pants on the screen and the pants you are 
wearing to compare the fit. For each site tell me if you agree or disagree that the pants fit 
at the garment site is the same as the pants fit on the virtual model.  
 
 

 
Strongly         Disagree      Disagree        Neutral         Agree       Agree          Strongly                                   

              Disagree                            Somewhat                         Somewhat                           Agree  
Front Waistband:       1 --------------  2 -------------- 3 -------------- 4 -------------- 5 -------------- 6 -------------- 7 

 
 
      

• Question:  
What are the reasons for your rating?  
 
 

Strongly         Disagree      Disagree       Neutral         Agree       Agree          Strongly                                   
              Disagree                            Somewhat                         Somewhat                           Agree  

Back Waistband:       1 --------------  2 -------------- 3 -------------- 4 -------------- 5 -------------- 6 -------------- 7 
 

• Question:  
What are the reasons for your rating?  
 
 

Strongly         Disagree      Disagree       Neutral         Agree       Agree          Strongly                                   
              Disagree                            Somewhat                         Somewhat                           Agree  

Abdomen:       1 --------------  2 -------------- 3 -------------- 4 -------------- 5 -------------- 6 -------------- 7 
 
 

• Question:  
What are the reasons for your rating?  

 
 
 
Strongly         Disagree      Disagree       Neutral         Agree       Agree          Strongly                                   

              Disagree                            Somewhat                         Somewhat                           Agree  
Hip:       1 --------------  2 -------------- 3 -------------- 4 -------------- 5 -------------- 6 -------------- 7 

(Including Back Darts) 
 
 

• Question:  
What are the reasons for your rating?  
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Strongly         Disagree      Disagree       Neutral         Agree       Agree          Strongly                                   

              Disagree                            Somewhat                         Somewhat                           Agree  
Front Thigh:       1 --------------  2 -------------- 3 -------------- 4 -------------- 5 -------------- 6 -------------- 7 
 
 

• Question:  
What are the reasons for your rating?  
 
 

 
Strongly         Disagree      Disagree       Neutral         Agree       Agree          Strongly                                   

              Disagree                            Somewhat                         Somewhat                           Agree  
Back Thigh:       1 --------------  2 -------------- 3 -------------- 4 -------------- 5 -------------- 6 -------------- 7 
 
 
 

• Question:  
What are the reasons for your rating?  
 
 

 
Strongly         Disagree      Disagree       Neutral         Agree       Agree          Strongly                                   

              Disagree                            Somewhat                         Somewhat                           Agree  
Front Crotch:       1 --------------  2 -------------- 3 -------------- 4 -------------- 5 -------------- 6 -------------- 7 
 
 
 

• Question:  
What are the reasons for your rating?  
 
 

 
Strongly         Disagree      Disagree       Neutral         Agree       Agree          Strongly                                   

              Disagree                            Somewhat                         Somewhat                           Agree  
Back Crotch:       1 --------------  2 -------------- 3 -------------- 4 -------------- 5 -------------- 6 -------------- 7 
 
 
 

• Question:  
What are the reasons for your rating?  

 
 

 
Strongly         Disagree      Disagree       Neutral         Agree       Agree          Strongly                                   

              Disagree                            Somewhat                         Somewhat                           Agree  
Left Side:       1 --------------  2 -------------- 3 -------------- 4 -------------- 5 -------------- 6 -------------- 7 
 
 
 

• Question:  
What are the reasons for your rating?  
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Strongly         Disagree      Disagree       Neutral         Agree       Agree          Strongly                                   
              Disagree                            Somewhat                         Somewhat                           Agree  

Right Side:       1 --------------  2 -------------- 3 -------------- 4 -------------- 5 -------------- 6 -------------- 7 
 
 

• Question:  
What are the reasons for your rating?  
 
 

 
Strongly         Disagree      Disagree       Neutral         Agree       Agree          Strongly                                   

              Disagree                            Somewhat                         Somewhat                           Agree  
Inseams:         1 --------------  2 -------------- 3 -------------- 4 -------------- 5 -------------- 6 -------------- 7 
 
 

• Question:  
What are the reasons for your rating?  

 
 
 

Strongly         Disagree      Disagree       Neutral         Agree       Agree          Strongly                                   
              Disagree                            Somewhat                         Somewhat                           Agree  

Hem:              1 --------------  2 -------------- 3 -------------- 4 -------------- 5 -------------- 6 -------------- 7 
 

• Question:  
What are the reasons for your rating?  
 
 
 

Text read to participant:   

 
I will now ask your opinions on using the virtual model in evaluating fit and your willingness to use 
it in the future. I will ask you to rate your opinions on a 7-point scale circling the number that 
represents your opinion. I then will ask some follow-up questions concerning your rating. 
 
 
3. Virtual Model Satisfaction 
 
 
How strongly do you agree or disagree with the following statement?  
The virtual model gave me enough visual information in evaluating pants fit as the actual pants fit 
on the body.  
 

 
Strongly         Disagree      Disagree       Neutral         Agree       Agree          Strongly                                   

              Disagree                            Somewhat                         Somewhat                           Agree  
         1 --------------  2 -------------- 3 -------------- 4 -------------- 5 -------------- 6 -------------- 7 
 

• Question:  
What are the reasons for your rating?  
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How satisfied are you with using a virtual model for evaluating pants fit?  
  

         Strongly         Dissatisfied    Dissatisfied        Neutral           Satisfied         Satisfied            Strongly                                    
       Dissatisfied                          Somewhat                              Somewhat                                 Satisfied           

1 ----------------  2 ---------------- 3 ---------------- 4 ---------------- 5 ---------------- 6 ---------------- 7  
 
 

• Question:  
What are the reasons for your rating?  
 
 
Would you be likely to use a virtual model for evaluating apparel fit in the future?  
 
 
     Strongly Not            Not           Slightly Not         Neutral            Slightly            Likely            Strongly   
          Likely        Likely             Likely                                      Likely                                    Likely 

1 ----------------  2 ---------------- 3 ---------------- 4 ---------------- 5 ---------------- 6 ---------------- 7  
 
 

• Question:  
What are the reasons for your rating?  
 
 
How satisfied are you with using a virtual model for if you purchased this through online shopping 
in terms of fit?  

  
         Strongly         Dissatisfied    Dissatisfied        Neutral           Satisfied         Satisfied            Strongly                                    
       Dissatisfied                          Somewhat                              Somewhat                                 Satisfied           

1 ----------------  2 ---------------- 3 ---------------- 4 ---------------- 5 ---------------- 6 ---------------- 7  
 
 

• Question:  
What are the reasons for your rating?  
 
 
If you had purchased this pant, how likely is it that you would return it?  
 
     Strongly Not            Not           Slightly Not         Neutral            Slightly            Likely            Strongly   
          Likely        Likely             Likely                                      Likely                                    Likely 

1 ----------------  2 ---------------- 3 ---------------- 4 ---------------- 5 ---------------- 6 ---------------- 7  
 
 

• Question:  
What are the reasons for your rating?  
 
 
Would you be likely to use a virtual model for apparel online shopping in the future?  
 
 
     Strongly Not            Not           Slightly Not         Neutral            Slightly            Likely            Strongly   
          Likely        Likely             Likely                                      Likely                                    Likely 

1 ----------------  2 ---------------- 3 ---------------- 4 ---------------- 5 ---------------- 6 ---------------- 7  
 
 

• Question:  
What are the reasons for your rating?  
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Would you be willing to pay more to use a virtual model to get pants that fit? 
 
(1) Yes   (2) No 
 
 
If yes, how much would you  be willing to pay in addition to the basic cost of the pants? 
 
(1) $1-$5 more   (2) $6-$10more   (3) $11-$15more   (4) $16-$20more   (5) more than $20 
 


