
ABSTRACT 

AFRIN, SHAHIDA.  Evaluation of Different 3D Visualization Software and Impact of Design 

Details on the Simulation of Garments (Under the direction of Dr Cynthia L. Istook). 

In this era of the globalized apparel industry, managing creation, development and 

production of quality apparel product that meets the consumer needs become hard 

because of little or no scrutiny of sample apparel sometimes. To decrease costs and product 

development time, many companies have adopted 3D apparel visualization tools as a 

means of fit evaluation. These tools have been used across departments of the company, to 

enable fewer prototypes and reduce product development time. 

The purpose of this research was to evaluate the performance of 3D apparel 

simulation software systems to assess usability and the factor that affects the draping of 

virtual garments. With the rising need for incorporating 3D visualization tool in product 

development, many issues arise such as the realistic representation of the virtual model. 

For this study, the CLO 3D and Optitex systems were used for 3D apparel simulation. 

Actual fabric properties were tested and utilized for more realistic simulation. Industry 

participants and a few students who have experience using 3D simulation systems were 

recruited for the evaluation of virtual garments. An Alvanon Missy (ASTM D5585 Misses) 

size 10 form was used as an actual and virtual avatar for more accurate evaluation. Results 

show that the software use and respondents’ job title did not have any significant 

difference in how they evaluated the virtual garments appearance compared to the real 

garments. However, respondents’ years of experience did have a statistically significant 

impact on how they evaluated one part of the dress which was the “Dress back”.  The basic 



design details of the garments also did not have any impact on the virtual or real drape of 

the garments. The impact of the design details based on software use was significantly 

different. All the participants said they are willing to try 3D software systems and agreed 

that 3D systems help in prototyping. Results also show that most of the participants are 

very interested in using 3D technologies in the design and development of products and are 

most likely to use the 3D tool as a substitute for prototyping. All the participants agreed 

that 3D systems help with prototyping, about 94% agreed that it reduces the time of the 

design process, people had mixed opinions about 3D garments being the representative of 

final garments, about half of the people said 3D garments reflect fit accurately and rest of 

the people either disagreed or had a neutral opinion. Results suggest that the choice of 

software impacted the user perception about 3D simulation being helpful in fit reflection 

and prototyping. I can also conclude that the 3D virtual prototyping takes less time than 

physical prototyping, can eliminate textile waste, and requires a trained workforce to work 

on. Furthermore, the perception of the 3D visualization was not impacted by job title except 

when realistic fabric texture was evaluated.  

 In the present situation of a world reckoning outbreak of COVID-19 virus, virtual 

technologies can be very successful and effective. Product development through these 

systems can be done very successfully and this research can be very helpful.  
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CHAPTER I 
INTRODUCTION 

During these times of tremendous technological change, the fashion and textile 

industries have significant opportunities for innovation. In both fields, change is inevitable and 

3D technologies are especially making a huge impact in the industry. Since the apparel industry 

has become globalized over the past two decades, it has become increasingly difficult to 

manage the creation, development and production of quality product that meets the needs of 

consumers in any area of the world. Solving size and fit issues are hard because an 

understanding of technical impacts related to garment fit on actual models is very important. 

Despite communicating with producers through web-based conferencing, many organizations 

find it hard to manage fit issues because of little or no scrutiny of sample apparel (Lee & Park, 

2017).  Sometimes these issues lead to a lengthier sample production time since the producers 

have to keep producing samples, followed by technical package-heavy emails until the fit is 

satisfactory, which can lead to failure to bring seasonal products to the market on time, hence 

the financial loss of the company (Lee & Park, 2017). The cost of shipping also increases the 

final cost and is a potential barrier to the timely delivery to the store shelf. In the past, Global 

Brands Group’s (GBG) designers sketched designs and pattern makers made patterns 

accordingly, then China-based manufacturers made physical samples, which often required 

changes resulting in going through the whole process again (Browzwear, 2016). This process 

would take up to three to four weeks. Now the technical designers of GBG’s can make virtual 

prototypes which, if approved by the designers, is turned into a physical version (Browzwear, 

2016), which saves a lot of time and effort and shipping cost as well. Some of the technologies 



2 
 

that have been developed to focus on the need for shorter time to market include CAD 

technologies, such as 3D body scanning, made-to-measure pattern making, digital printing, data 

integration and 3D virtual apparel simulation technology. To facilitate the prototyping process 

and solve the technical issues, 3D virtual simulation technology has been introduced to the 

apparel industry.  

Many 3D virtual fit simulation software systems, such as Modaris 3D Fit (Lectra), 

VStitcher (Browzwear), 3D Suite (Optitex), and CLO3D (CLO Virtual Fashion Inc.) have been used 

by brands such as Target, Kohl’s, and JCPenney to increase efficiency in apparel prototyping 

(Lee & Park, 2017). With this technology, 2D patterns can be turned into a finished apparel 

product and placed on a virtual fit model with identical body shape and measurements of the 

target customer. (Lee & Park, 2017)  

Research Gaps 

There have been several research studies that have explored 3D apparel simulation 

systems but there are still questions that need to be studied.  Lim and Istook (2011) used the 

Optitex system to evaluate whether fabric properties impacted the simulation of two different 

fabrics, while they changed the stretch and compared both simulations.  They used Kawabata 

and FAST systems to identify fabric properties that were inserted into the software.  Prather 

(2017) used a 3D simulation technique for prototyping and development of jeans.  Her 

researched focused on consumer perception of virtual products when compared to real 

products.  Baytar and Ashdown (2015) explored 3D technology by developing virtual garments 

and then constructing real garments. They determined that their actual garments were 
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different than the virtual ones because they used generalized fabric data available in the 

system.  

The quality of virtual simulation of female garments has been evaluated before using 

Lectra Modaris software using the Kawabata system for the testing of mechanical properties of 

the fabric (Ancutiene, Strazdiene, & Lekeckas, 2014). At this point, very little research has been 

done using actual fabric data with simulated products compared across multiple systems to 

evaluate the differences in the systems. Lim (2009) used the Fast and Kawabata systems to 

analyze fabric properties but since then 3D system requirements for fabric properties have 

been changed and updated. The fashion industry needs to be able to depend on a virtual image 

that can appropriately guide garment decisions. Hence, it is important to understand to what 

extent these 3D visualization software systems can drape apparel products realistically if the 

required fabric parameters are used virtually using updated tools and systems. 

Research Purpose 

This research aims to evaluate different 3D visualization systems to determine some of 

the factors that might affect the drape appearance of virtual garments using appropriate actual 

fabric properties and a standard mannequin in the actual and virtual environment. Currently, 

companies are facing problems to convince their merchants that 3D visualization can be an 

appropriate replacement for real garments during certain steps of the product development 

cycle. This research should provide a better understanding of available 3D technologies and 

their use. 
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Research Questions 

The following research questions were developed to guide this study: 

1. Is there a difference in how virtual garments appear when compared to actual garments?  

a. Does 3D software system impact the appearance? 

b. Does respondent job title impact how appearance is evaluated? 

c. Do years of experience have an impact on how appearance is evaluated? 

2. Do design details have any impact on the simulation of a garment when compared to an 

image of the real garment? 

a.  Do design details impact the appearance of garment drape, regardless of whether the 

garment is real or virtually simulated?  

b.  Do design details impact the appearance of garment drape based on the software used? 

3. What are the respondents’ feelings about 3D software? 

4. How interested and likely are respondents’ in using 3D software? 

 5.   What are the perceptions of the benefits of 3D simulation systems? 

a. Does software choice have any impact on the perception? 

b. Does the perception of the benefits of 3D systems vary with job role? 

Limitations 

This study was limited to the evaluation of simulations from two 3D systems and three 

garments with different design details. The sample was a convenience sample made up of 

people identified as having experience using or evaluating 3D products.  
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CHAPTER II 
LITERATURE REVIEW 

In this chapter, the review of literature will first provide an overview of 3D virtual 

simulation in the prototyping of apparel products. Then it will focus on the existing process of 

apparel product development and the 3D apparel product development process. It is important 

to have an idea of available 3D technologies in the industry, which are also discussed in this 

chapter. This chapter then will also provide information about open-source 3D software and 

issues related to 3D apparel simulation technology. This chapter concludes by discussing, the 

sustainability and accuracy aspects of 3D technologies. 

Three-Dimensional Virtual Simulation and Prototyping 

A set of 2D patterns can be sewn and placed into a virtual model or avatar through 3D 

apparel simulation. Avatars are virtual human forms to use in the 3D platform (Prather, 2017). 

Garment prototyping might require subsequent design moderation and is a costly process. By 

doing design modifications in a virtual platform, product development costs and the number of 

prototypes can be reduced. A virtual tool, such as 3D apparel simulation, can be helpful. 

Designs can be modified in a 2D environment and can immediately be seen on the model in 3D, 

which can facilitate the prototyping process (Baytar, 2018). However, many factors can affect 

the outcome of garment simulation, such as visual and draping effects that are impacted by 

fabric properties ( Lim & Istook, 2011; Power, 2013; Prather, 2017).  
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Apparel Product Development Process 

 The existing process of garment development. The existing process of apparel product 

development and making standardized garments has evolved from the process of making 

garments for individuals. In the current system, standard apparel products are produced to 

match the requirements of the mass population or theoretical target market (Gill, 2015). 

According to Gill (2015), the representative process of garment product development can be 

like the process flowchart presented below (figure 1)- 

 
Figure 1. Representation of the current process of the three main approaches of apparel 

product development. 
Note. Adapted from A review of research and innovation in garment sizing, prototyping and 

fitting, by Gill, S. (2015), Textile Progress, 47, p. 4. 
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All the approaches to product development share common principles in their application.  

The three main approaches to clothing product developments are: 

1. Ready to Wear (RTW), where a large volume of products is made in standard sizes. 

2. Mass customization, where standard garments are adjusted to suit an individual’s 

requirements; and  

3. Bespoke, where garments are made by tailors for individuals (Gill, 2015). 

The main steps in all three approaches can be seen in figure 1 but these steps might not be 

exactly followed by each manufacturer and their application might vary from company to 

company (Gill, 2015).  

 Even though RTW is the most common way of product development used by most 

manufacturers, there is much evidence of customer dissatisfaction with the fit of these 

products (Gill, 2015). According to Gill (2015), the existing RTW system of clothing pattern 

development depends on the historic method of proportional measurements rather than based 

on the actual population measurement data. This information often varies depending on the 

style of the garment which causes them to fit a limited number of representative bodies. To 

solve the fit issue, a lot of time and effort is devoted to fit perfection during the product 

development process, even though the proportional sizing method is imperfect. To date, there 

is no widely adopted method to evaluate fit. Without a proper understanding of fit rules and 

brand or consumer preferences, the developed products might be a process of trial and error, 

which could increase the number of wasteful prototypes. (Gill, 2015) 
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 Virtual garment development. The virtual fitting system enables visualization of fit by 

placing virtual garments on a virtual body. This process can be used to replace some of the 

traditional product development systems. Accuracy of the virtual fit depends highly on the 

accurate representation of the virtual body resembling the actual human body (Lim, 2009). As 

Lim found, virtual garments were more accurate when a virtual avatar resembling the human 

body most accurately was used for prototyping. To construct the virtual garment, 

measurements at precise locations (ie. chest, waist, side seam, etc.) on the patterns can be 

adjusted manually depending on the fitness and tightness desired of the apparel product.  

In some 3D apparel software, with various tools available in the 3D virtual environment 

(such as scissors) the points on garments dressed on an avatar can be modified. The 3D 

garments shapes could then be flattened to create 2D patterns in one plane without any 

distortion or stretch. However, In some garments, a small stretch might be allowed, which can 

be visualized by using a color mapping index in the 3D software (Liu, Zhang, & Yuen, 2010). In 

CLO 3D, garments can be drawn directly on the 3D avatar with the 3D pen. The 3D garments 

then can be converted into a 2D pattern. Even though the tools in the 3D systems may vary 

throughout different systems the key steps of simulating any products virtually across the 

systems remain the same (Baytar,2018). 

By using a 3D body scanner, individuals can be scanned for their measurements and the 

scanned data can be imported to the 3D simulation systems for developing products for 

individuals (Lim, 2009). In addition to a body scanned avatar, 3D avatars can be used from other 

sources, such as avatars available in the 3D visualization system. Alvanon also has created 

standard virtual avatars which conform to the ASTM sizing standards. Parametric avatars can be 
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created by manually inputting measurements, as well (Song & Ashdown, 2015). However, 

research has shown that direct avatars are more like the real body than manual avatars 

(Lim,2009) and manual avatars do not resemble the actual body accurately (Gill, 2015). 

 Through prototyping in the 3D environment, continuous adjustments of the virtual 

product can be accomplished without the cost of the actual material. This process can be more 

cost-effective and should save time involvement in actual product creation (Song & Ashdown, 

2015; Baytar, 2018). It is also possible to simulate real fabric properties in the virtual 

environment. By adding different colors and fabric textures, different designs are quickly 

achievable (Lim, 2009).  

Three-Dimensional Software with Potential for Apparel Industry 

There is a wide range of 3D technologies with applications in various industries, 

however 3D body scanning and 3D virtual apparel software systems are the most used in the 

apparel industry. Body scanning technologies have enabled a deeper understanding of the 

infinite shapes and sizes of the human body (Devarajan, Istook & Simmons, 2002). The images 

that are captured during the scanning process can be measured in any way that might benefit 

the design and engineering of apparel. These 3D whole-body scanning systems have also been 

instrumental in the capture of data from thousands and thousands of human subjects from all 

ages, weights, heights, and ethnicities around the world (CAESAR, 2002; [TC]2, 2004a, 2004b; 

Newcomb, 2005; Istook,2008).  Research related to this data has enabled the development of 

new sizing systems which have enabled better sized and developed products for specific target 
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markets (ASTM,2011).  Because many benefits of the scanning process have had an impact on 

3D virtual design for apparel, a brief overview of 3D body scanning is discussed below.  

Three-dimensional body scanning. Body Scanning is a term used to describe the process 

used to digitally capture the 3D surface of the body, which is often managed by image capture 

and light projection techniques. The collected 3D body scanned data can then be directly 

integrated into the product development cycle. However, 3D body scanning has drawbacks that 

might impact sizing and fit. One of the biggest problems of body scanning is the fixed posture of 

the avatar, which lessens the compatibility of the scanned data to the relative human body 

(Gill, 2015).  Research by Istook, Lim & Suk (2011) also showed that there may be a significant 

difference between 2D direct body measurements and 3D scan body measurements. Scanned 

measurements were often significantly larger in some areas and could be very different 

according to different body shape. 

Three-dimensional virtual software systems have been developed for many different 

industries.  Among these industries would be the fields of gaming, architecture, animation, 

jewelry design and making, and the apparel industry.  There are three different categories of 

systems that could be used in the development of apparel: Apparel industry, over the counter, 

and open-source software.  Examples of these follow. 

Apparel industry software systems. Among many categories of 3D simulation systems, 

apparel industry-based software systems are comparatively costly and mostly used by the 

organizations rather than by individuals. Some of the systems are even capable of simulating 

many details of apparel products and accessories.  
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CLO 3D (CLO). According to Gill (2015), CLO 3D virtual simulation system is aimed for 3D 

visualization by using simpler tools. The interface of CLO 3D has various similarities with other 

existing visualization systems. Figure 2 shows the 3D and 2D interface of CLO 3D software. 

 
Figure 2. CLO 3D. Note: Taken from (CLO, 2020). 

 
Gerber Accumark 3D. Gerber Accumark 3D is a fashion design software (Figure 3). It can 

be used in the aerospace, automotive, home furnishings, fashion, and apparel industry. 

According to the Apparel Magazine (2019), the company claims that the software gives the 

users the flexibility of adding and modifying the design in 3-dimension, limitless design idea, 

and the best fit in less time. 

 
Figure 3. Gerber Accumark (Gerber Technology, 2008) 
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Danit Peleg, a fashion designer who became known for her 3D printed garment 

collection, created a dress for a Paralympics dancer using Gerber 3D and a 3D printer (Peleg, 

2018).  Peleg claims to be part of the “Next Fashion Revolution” with her #PRINTWEAR3D 

printing masterclass (https://danitpeleg.com/). According to Gerber Technology (2020), Gerber 

3D is also transforming the fashion industry. They claim that their 3D software can be very 

efficient in creating samples and help speed the product development process. Through this 

technology 3D designs can be shared with collaboration across any platform and even 

continents (Gerber Technology, 2020).  

Modaris 3D (Lectra).  According to Gill (2015), Lectra has added a 3D interface to its 

existing system to help visualize the developed product interactively. Cloth simulation and 2D 

patterns can be visualized at the same time in this 3D system. Visualization of real-time change 

of the patterns and tension map is possible (Gill, 2015).  

O/dev 3D creator (EFI Optitex). According to Song and Ashdown (2015), Optitex PDS has 

been used by many apparel companies and fashion schools. EFI Optitex has its 2D and 3D 

system incorporated together for pattern generation and simulating apparel products. In this 

system, 3D models can be generated by using two methods, firstly, by importing body scanned 

data and secondly by creating a parametric model by inputting body measurements data (Song 

& Ashdown, 2015). Optitex also has developed its fabric testing kit called Fabric Testing Utility 

for measuring fabric properties (Power, 2013) (Figure 4). 

https://danitpeleg.com/
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Figure 4. Optitex. Note: Taken from (2D/3D CAD Pattern Design Software, 2020). 

Tukatech. Tukatech was launched in California in 1997 (Lim, 2009). Tukatech is a 

garment and apparel industry provider of fashion technology solutions 

(https://tukatech.com/).  According to the company, they were created especially for the 

apparel industry with pattern making, design, and manufacturing software systems, as well as 

hardware to support those systems, including plotters, automatic spreaders, and cutters (CHEP, 

n.d.). 

VStitcher (Browzwear+968). VStitcher Is a visualization tool developed by Browzwear 

(https://browzwear.com/products/v-stitcher/). Through this system, product visualization can 

be done along with product development. As with many 3D visualization systems, this system is 

also capable of incorporating actual fabric properties to define the virtual fabric within the 

system (Gill, 2015). This system also has its fabric testing kit (Power, 2013). 

Over the counter software. Several systems are available through retail outlets that 

were developed for other industries than apparel.  Many of these systems have been 

successfully used in the design or development of apparel and are generally available to a 

broader market at lower costs than apparel industry software. 

https://tukatech.com/
https://browzwear.com/products/v-stitcher/
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AutoCAD. AutoCAD is a computer-aided design (CAD) software. It is popular among 

architects, engineers, and construction professionals for reliable 2D and 3D drawings  

(Autodesk, 2019).  AutoCAD enables 2D drafting, drawing and annotation; 3D modelling and 

visualization; and collaboration with other product designers.  (Autodesk, 2019) 

AUTODESK MAYA. MAYA is a 3D animation, modelling, simulation and rendering 

software for film, television, and games (figure 5) (Autodesk, n.d.). Researchers (Mishra, 2016) 

attempted to use Autodesk Maya nCloth for clothing simulation along with Lectra Modaris. 

Denim fabric properties were tested using KES-FB but the results were not very satisfactory 

when compared to the apparel simulation software (Mishra, 2016). Lectra Modaris was better in 

terms of fabric draping probably because MAYA didn’t have an option to input most of the 

fabric properties (Mishra, 2016). 

 
Figure 5. Autodesk MAYA nCloth (What’s New In Maya…, 2020.) 

Solidworks 3D CAD. According to Dassault Systemes (2017), Solid Works is a very 

popular CAD and engineering software. SOLIDWORKS CAD packages cover a wide variety of 

aspects such as design, simulation, cost estimation, manufacturability checks, computer-aided-

manufacturing (CAM), and so on. Depending on the need, there are different packages such as 
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Solidworks Standard, Solidworks Professional and Solidworks Premium (Dassault Systèmes, 

2017). 

Geomagic. Geomagic® Design X is reverse engineering software 

(https://www.3dsystems.com/software/geomagic-design-x). To create feature-based and 

editable solid models that are compatible with existing CAD software, Geomagic combines 

history-based CAD with 3D scan data processing. Geomagic Design X can convert 3D scan data 

into high-quality feature-based CAD models. It adds speed, quality, enhanced user experience, 

and better quality CAD models than many of the other systems (3D Systems, 2019). 

Rhino. According to the company website, Rhino is an effective tool to create 3D 

geometry and can edit and analyze the drawn object (https://www.rhino3d.com/6/features/). 

It also features rendering, documenting, and animating. The surfaces, curves and solids of a 3D 

object can be translated as well as point clouds, and polygon meshes. Rhino has no limitation in 

creating complex models at any degree and size. Rhino is used in different industries like the 

design for industry, marine, fashion and lifestyle, and architecture. It can also be utilized in 

mechanical design, aircraft design, spacecraft, creatures, figures, cartoons, scenes, etc.  It has 

very high accuracy and compatibility. Additionally, Rhino is faster to operate, accessible, and 

affordable (Rhino3D, 2018).  

Meshlab. Meshlab is a processing and editing software for 3D triangular meshes and is 

freely available (https://www.meshlab.net/). According to the company, Rhino has easy to use 

interfaces with different tools dedicated for editing, clean and enhances meshes. Using this 

software, meshes can also be inspected, rendered, textured, and converted as per 

requirements. Raw data obtained from 3D digitization tools/devices are easily processed and 

https://www.3dsystems.com/software/geomagic-design-x
https://www.rhino3d.com/6/features/
https://www.meshlab.net/
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prepared for 3D printing. Meshlab is used for 3D acquisition such as aligning, reconstruction, 

color mapping and texturing. This can clean, scale, position, orient, convert and interchange any 

3D models. Meshlab is also effective in performing the following activities: refinement and 

remeshing, visualization and presentation, measurement, analysis, and color processing; and 

3D printing: offsetting, hollowing, closing, etc. (Corsini, Cignoni, & Scopigno, 2012). 

 Open source 3D software. There are a few open-source 3D software systems. Research 

has been done in building a method for the customized 3D digital body using open-source 3D 

software, Blender (Gu, Istook, Ruan, Gert, & Liu, 2019). 

Blender. Blender is an open-source 3D simulation software (Gu et al., 2019). It can be 

used on Linux, Windows, and Macintosh computers (Blender, 2015). In a 2019 study (Gu et al.), 

the avatar of a female adult was rebuilt using this system. An interactive modelling program 

was developed and tested while 74 female avatars were rebuilt. The usability of this system in 

the apparel industry was also tested (Gu et al., 2019).  

MakeHuman. MakeHuman is a free 3D human character modelling tool for illustration, 

animation, and games. It can be applied to the practice of human body creation, animation, 3D 

character design, human motion simulation in sports, and other relevant fields (AppNee 

Freeware Group, 2017).  It was developed based on a large number of characteristic data of 

human morphology (race, gender, age, figure, clothing, etc.), capable of quickly generating the 

face and body models for men and women in different ages, and allows an adjustment of 

detailed of body configuration. Its unique “natural posture system” can simulate the skin and 

tendon transformation of the human body that is in a motion state (Figure 6). When the design 



17 
 

work is finished, the generated models can be exported as OBJ files, Collada files, or other 

custom file formats for use with Blender. According to the AppNee Freeware Group (2017), this 

software could be good for the novice user.  

 
Figure 6. Example of MakeHuman software. Retrieved from AppNee Freeware Group, 2017. 

Poser. Poser is a 3D system that contains lots of 3D human figures, hair, clothing, props, 

scenery, lighting, and cameras that might be needed to create any project or video. It is easy to 

learn. Human forms from Poser can be used for art, illustration, animation, comics, web, print, 

education, medical, games, storyboarding, and more. The software includes a huge range of 

human and animal figures and 3D elements. Scenes can be rendered into photorealistic images 

and video for various media. (Poser 11, n.d.) 

Issues with 3D apparel simulation technologies. Modelling virtual garments can be a 

time-consuming process which includes drafting 2D patterns, positioning and sewing them in 

the 3D model to simulate them (Zhang, Liu, Wang, & Li, 2018).  This process is usually followed 

by adjusting patterns for fit until the appearance is satisfactory. Similarly, the process of real 

garment creation involves repetition of drafting, synthesis, and revision back and forth between 

the 2D and 3D environment. This process requires a lot of time and experience in using the 

systems (Zhang, Liu, Wang, & Li, 2018).  
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Song and Ashdown (2015) explored whether 3D simulation technology could effectively 

simulate the fit and silhouette of garments. Their study results showed that garment fit 

simulation may not be fully successful for several reasons. First, the direction of stress folds in 

the fabric may appear different in a virtual environment. Second, virtual software might not be 

able to simulate the exact texture or appearance of the actual fabric. Finally, the posture and 

body shape of the virtual avatar may affect the fit, as well (Song & Ashdown, 2015).  

Song and Ashdown (2015) also addressed the need for further research on 3D apparel 

simulation technology. They provided feedback to the software developers so that the software 

could be further developed, and limitations addressed. Hence in this study, the effectiveness of 

3D simulation technology for apparel product development has been further explored. 

Current Implementation of 3D Technology within the Industry Product Development Process 

Major companies have Alvanon dress forms specific to the sizes of their target markets 

(includes all markets: kids, juniors, plus-size, etc.) (Stahl, 2017).  Alvanon has also created the 

virtual avatars that replicate this dress form in 3D.  The virtual avatars are available for most 

major apparel 3D systems. 

Manufacturers of products are expected to create products in 3D using virtual avatars 

so that the design and fit of the garments reflect how the garment would appear when a real 

sample is tested on the respective fit form.  Technical designers use these 3D images to make 

their suggested changes until they believe the products are in their best form, at which time the 

request for a sample is made (personal communication with Sandra Gagnon, Director, 3D 

Virtual/transformation at Target, Feb 25th, 2019).  
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The impact of perspective on the perception of 3D images. According to Jacoby et al. 

(2014), the use of 3D technology by individuals in an organization can be defined based on their 

job role, such as technical designers in an apparel organization, who might have the most 

relevant knowledge about fit. Industry professionals have different skill sets based on their job 

duties, which could make a difference in the application of the technologies (Jacoby et 

al.,2014). Baytar (2018) found that student interaction skills with 3D visualization systems 

changed over time with the recurrent use of the technology. Hence with time and increase in 

experience, student’s perceptions of the 3D visualization system also changed (Baytar, 2018). In 

Guo’s (2018) study, fit models (as the consumer wearer), consumers (separate from the 

garment of interest) and experts all evaluated garments fit very differently. The 

models/consumers generally liked the fit of the garments being evaluated.  The separate 

consumers evaluated the fit of the garments on the wearers a little less favorably and the 

experts tended to be very critical. These studies demonstrate that individual points of view (job 

role, student, or consumer) may make a difference in how individuals perceive 3D images.  

Three Dimensional Virtual Technologies and Sustainability 

According to Baytar and Ashdown (2015), consumers are constantly in search of new 

styles of products, hence buying so many items that lead to fast fashion. To keep pace with the 

increasing demand, consumer apparel companies are releasing a huge amount of carbon 

dioxide in the environment in the process of manufacturing and transporting apparel goods. 

Because of the immense externalization of apparel products from third world countries over 

the last two decades, the price of apparel products flattened and promoted fast fashion, which 

also promotes frequent impulse purchases (Baytar & Ashdown, 2015).  
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Definite change is required in the clothing consumption pattern of consumers and also 

in production and apparel product development. By incorporating technologies and involving 

consumers in the process, sustainability can be promoted in the industry. For example, 3D body 

scanning technologies can involve the customer in the process of made-to-order which can lead 

to meaningful apparel pieces for the individual, hence the higher life span of the item. (Baytar & 

Ashdown, 2015) To help promote needed change, it is important to determine how 

technologies can be used to the best advantage.   

Using the 3D apparel CAD system, it is now possible to develop 3D garments of different 

sizes and styles without actually producing them (Lage & Ancutiene, 2017). The technology has 

been popular in the clothing industry to aid in increased collaboration within the supply 

network.  It may also help speed up the product development process to launch any product in 

the market faster than ever(Lage & Ancutiene, 2017). 

Different companies have already been using 3D technologies for prototyping and 

visualization of their designs. Three-dimensional simulation technology has enabled companies 

to cut down to their physical sample to two samples from three to five samples (Song & 

Ashdown, 2015). Some companies, such as Target, have planned to develop 80% to 90% of 

their apparel product virtually by 2018 (Song & Ashdown, 2015) which has the added benefit of 

reducing the number of garment prototypes which end up in landfills. Hence, through virtual 

product development sustainability can be promoted (Gill, 2015).  
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The Realism of Available 3D Simulation Systems 

It is important to create realistic simulation because otherwise the technology will not 

be adopted (Buyukaslan, Jevsnik, & Kalaoglu, 2018). Lim compared the fit and appearance of an 

apparel product in the 3D system and determined that manual 3D avatar and the direct avatar 

reflect the appearance and fit of the product differently when compared to the real product on 

the actual person (Lim, 2009). This suggests that work still needs to be done on how avatars are 

manipulated in the 3D systems. Also, several studies show that actual fabric properties should 

be used for realistic fabric simulation (Lim & Istook, 2011; Zhang et al., 2018). 

People with different viewpoints, backgrounds or perspectives may perceive things 

differently in a 3D virtual environment. Experts and consumers have different perceptions 

about using the 3D technology and determining the fit virtually, which may be working as an 

anticatalyst in the adoption of the technology (Guo, 2017). It is important to understand the 

consumer perception of 3D simulated products to market the products developed using the 3D 

virtual simulation technology.  

Different studies in the field show different results because of the use of different 

software systems. Some popular systems in the industry are Optitex, CLO 3D, Modaris 3D Fit, 

Browzwear, Gerber, Tukatech, and Vidya. The simulation capabilities and quality depend on the 

type and the version of the software (Lee & Park, 2017). Experts and end-users might evaluate 

the final simulated product and the real product variously, but it is important to know how 

realistic each system works, or which system does the most realistic simulation, which is also 

the primary goal of this study. 
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Summary 

 From the reviewed literature it is evident that the virtual simulation software can 

minimize the number of prototypes and cost of product development (Song & Ashdown, 2015; 

Baytar, 2018)  as well as product development time (Song & Ashdown, 2015). But many factors 

can affect the simulation quality, such as avatar quality and similarity with the actual body and 

appropriate simulation of the fabric used in the garments (Ancutiene, Strazdiene, & Lekeckas, 

2014; Lim & Istook, 2011; Prather,2017). Some difficulties and questions remain regarding 

these 3D systems.  It is important to know to what extent 3D simulation systems can accurately 

reflect a garment that has been developed for production. 
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CHAPTER III 
METHODOLOGY 

Three-dimensional technologies now combine actual fabric testing data such as 

bending, weight, stretch, friction, shading, and sheer to visualize how the fabric will fall or 

drape on the model. By using these physical properties of the fabric, the rendering becomes 

more realistic (Y. M. Liu & Jang, 2013). Hence, this study aims to determine, to what extent 

apparel simulation software systems can provide accurate simulation when using the actual 

fabric physical properties of the fabric, as required by the specific 3D virtual software system, in 

the virtual environment. 

Research Questions 

The following are the research questions explored in this paper: 

1. Is there a difference in the appearance of virtual garments when compared to actual 

garments?  

a. Does the 3D software system impact the appearance? 

b. Does respondent job title impact how appearance is evaluated? 

c. Do years of experience have an impact on how appearance is evaluated? 

2. Do design details have any impact on the simulation of a garment when compared to an 

image of the real garment? 

a.  Do design details impact the appearance of garment drape, regardless of whether 

the garment is real or virtually simulated?  

b.  Do design details impact the appearance of garment drape based on the software 

used? 
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3.  What are the respondents’ feelings about 3D Software? 

4. How interested and likely are respondents in using 3D software?  

5. What are the perceptions of the benefits of 3D simulation systems? 

a. Does software choice have any impact on the perception? 

b. Does the perception of the benefits of 3D systems vary with job role? 

This study evaluated two 3D software systems. Patterns were generated in 2D according 

to the size of a standard Alvanon body form (developed from ASTM 5585-11e) and then 

imported into the 3D systems. The same virtual avatar was used for the virtual fit and drape 

evaluation. Survey questions were generated focusing the research questions. Then the 

questions were sent for IRB approval. Finally, the survey containing all research images were 

sent to a group of Industry people who generally work with 3D apparel simulation systems. 

Research Product Development 

 Products design. Three different garment designs were chosen for this study. To 

evaluate the impact of design lines or details on the drape of a garment, gradually different 

designs were chosen.  The first was a simple sleeveless shift dress which came from a basic 

torso block as a representation of a simple garment level. The second was a princess seamline 

dress engineered from the shift dress with an addition of a seamline to replace darts. The third 

was a dress with a flared skirt engineered from the shift dress by the addition of a seamline at 

the waist level (commonly called “fit and flare” this decade). These seamlines were introduced 

into the design to determine if there was any impact on fabric drape appearance (real and 

virtual) at those locations, as researchers have experienced in the past (Jevšnik, & Žunič-Lojen, 
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2007). The 2D patterns were adjusted several times based on the muslin prototypes and the fit 

on the Alvaform so that the garments better reflected the expected appearance of the 

garments that were designed.  

 Flat pattern creation. For 2D pattern development, the Gerber AccuMark PDS system 

was used. The shift dress was engineered from a basic pattern block that had been developed 

according to the Alvanon Missy straight size 10 size chart.  This chart aligns with the ASTM 

D5585-11e1 sizing standard (ASTM, 2011). See figure 7. 

 
Figure 7. Shift dress patterns in Gerber AccuMark PDS 

The second garment, a princess style, was engineered from the shift dress blocks. Then 

modification was made according to the design requirements. Facing pieces were created 

according to the style requirement. See figure 8. 
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Figure 8. Princess dress patterns in Gerber AccuMark PDS  

A third dress style, the fit and flared, was engineered from the shift dress. Design 

modifications were made to introduce more fullness in the skirt of the dress.  Facings were 

added to the style as for the previous garments. See figure 9. 

Figure 9. Fit and Flare skirt dress patterns in Gerber AccuMark PDS 
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Fabric Selection and Fabric Tests 

In this study, a 100% wool gabardine fabric was chosen to produce the actual garments 

because the wool gabardine fabric is easy to work with and generally gives a nice drape. While 

both software systems come supplied with many fabric choices already available for use, one of 

the research goals was to be sure that the fabric chosen was represented appropriately in each 

system. Samples of this fabric were used for physical testing to determine the appropriate 

fabric properties for use by each of the 3D virtual design systems. This was an essential step to 

create the most accurate representation of each garment in support of the research questions 

presented at the beginning of this chapter. 

CLO 3D fabric testing. The CLO fabric testing kit was used to test the wool fabric as 

required by the CLO 3D system. The Kit includes a Stencil (figure 10a), a rotary cutter, a digital 

scale (figure 10b), a digital thickness gauge (figure 10c), a bend test device (figure 10d), a short 

and a long fabric bed, a stretch test device(figure 10e), and a digital force gauge (figure 10f).  

Fabric swatches were prepared using the stencil from the testing kit. There were three fabric 

swatches created for testing, one warp, one weft and one bias measuring 220 mm by 30 mm 

each.  

After preparing the fabric for testing, weight was measured by folding all three swatches 

of the fabric and placing them on the CLO test kit digital scale. To measure the thickness of the 

fabric, the metal leaver of the digital thickness gauge was lifted and one side of any one of the 

swatches was put through the opening of the gauge. The results were recorded (table 1).  
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For bend testing, the warp, weft, and bias strips were measured using the bend test 

device. Each fabric was put through a roller and then rolled back out until the fabric strip 

touched the ruler and that number was recorded as the contact distance.  In the next step, the 

front part of the swatch was lifted, and the second ruler of the bend test device was engaged, 

and the fabric was released to get the contact length.  

   

(a)                                             (b)                            (c) 

 

                            (d) 

 
(e) 

  
        (f) 
Figure 10. (a) Stencil, (b) Digital Scale, (c) Digital thickness gauge, (d) Bending test device, (e) 
Stretch test device, (f) Digital force gauge. Taken from “Fabric Kit Manual – How can we help 
you?”, 2020. 
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Finally, the stretch test was done for the warp, weft, and bias fabric swatches. The 

stretch test device consists of a digital force gauge, a fabric bed, and a length ruler. The 

combined readings from the length ruler and the digital force gauge give a set of data. For each 

swatch of fabric, at least three sets up to five sets of data are required. The collected data is 

shown in Table 1. 

Table 1 
CLO Fabric Testing Results 

Fabric 100% wool 

Fabric Weight               4.60 g 

Fabric Thickness 0.43mm 

Bending test 

 Warp Weft Bias 

Contact distance 29mm 22mm 22mm 

Contact length 39mm 34mm 33mm 

Stretch test 

Warp Weft Bias 

Length  Force Length  Force Length  force  

1mm 0.030 kgf 1mm 0.065 kgf 3mm 0.013 kgf 

2mm 0.076 kgf 2mm 0.120 kgf 6mm 0.027 kgf 

3mm 0.123 kgf 3mm 0.195 kgf 9mm 0.044 kgf 

4mm 0.207 kgf 4mm 0.314 kgf 12mm 0.074 kgf 

5mm 0.301 kgf 5mm 0.429 kgf 15mm 0.105 kgf 

        

Physical testing (ASTM standards).  To determine the physical properties of the wool 

fabric that would align with the requirements for the Optitex 3D system, testing equipment 

located in the physical testing lab at Wilson college of Textiles was used. Equipment and 

standards used for these tests are shown in Table 2. 
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Table 2 
Physical Testing Machines 

Fabric properties Thickness Bend 

Test equipment Ames Thickness Tester 
 

 

IDM Cantilever Stiffness 
 

 

Test Method ASTM D1777 ASTM D1388 

 

For the thickness test, a fabric sample was prepared according to the ASTM standard. 

The pressure foot of the tester was raised to slide the fabric in. When the reader stabilized, the 

reading was taken. 

For the bend test, the cantilever test was used. The cantilever test employs the principle 

of cantilever bending of the fabric beneath its accretion. For the test, a fabric specimen was 

glided along at a specific rate along the long dimension, until the leading edge stood out from 

the side of the horizontal surface. The length of the extension was measured when the edge of 

the specimen was depressed under its accretion to the end where the line joining the top of the 

side of the platform made a 0.724 rad (41.5 degrees) angle with the parallel. From this length, 

the bending length was calculated. Specimens for this test were prepared as 25 by 200 mm, ±1 

mm (1 by 8 in. ± 0.04 in) (Drews, 2008). See table 3 for the test results.  
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Table 3 
Physical Testing Results 

Thickness 0.0444 cm 

Bending test 

Warp Weft 

207.24 dyn*cm 105 dyn*cm 

 

Physical Garments Construction  

In this research project, ASTM D5585-11e Misses measurements for the size 10 straight 

figure were used, which aligned with the Alvanon Missy straight size 10 dress form. Garments 

were made with 1 inch of ease at the bust, 1 inch at the waist, 2 ¼ inches at the hip, and 2 

inches at the high hip. After creating the 2D patterns for all three designs (shift, princess, and fit 

and flare skirt dress), markers were created and cut files were generated. Fabrics (muslin and 

wool) were cut using a Lectra cutter. Prototype garments were created from muslin to test the 

basic patterns and final garments were made with the wool gabardine.  The final garments are 

shown in Figures 11-13. 

 
                            (a)                                                     (b)                                                 (c)                                                                           
Figure 11. (a) Shift dress front, (b) shift dress left side, and (c) shift dress back. 
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(a)             (b)                                                 (c) 

Figure 12. (a) Princess dress front, (b) princess dress left side, and (c) princess dress, back. 
  

 

 
(a)                              (b)                                                     (c) 

Figure 13. (a) Fit and flare skirt dress front, (b) fit and flare skirt dress left side, and (c) fit and 
flare skirt dress back 

 

Virtual garment construction 

The patterns used for the physical garments that had been created using the Gerber 

AccuMark PDS system were also used for virtual garment development.  The pattern files were 

exported from AccuMark in an ASTM DXF format.  Once exported the file was then imported 

into both the CLO 3D and Optitex PDS software systems.  Patterns were prepared for virtual 
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draping according to the process appropriate for each system.  The fabric properties obtained 

for each of the systems were input for the wool gabardine fabric used in the actual garments.  

Alvanon Missy (ASTM D5585-11e Misses) size 10 straight avatars were used to virtually simulate 

each garment in both systems.  See figures 14-19 for the final simulated images. 

 
                          (a)                           (b)                                                        (c) 
Figure 14. (a) Shift dress front, (b) shift dress left side, (c) shift dress back in CLO 3D 
 

 
                           (a)                        (b)                                                      (c) 
Figure 15. (a) Princess dress front, (b)princess dress left side, (c) princess dress back in CLO 3D 
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(a)                                       (b)                                                       (c) 

Figure 16. (a) Fit and flare skirt dress front, (b) fit and flare skirt dress left side, (c) fit and flare 
skirt dress back in CLO 3D. 
 

 
(a)                                                      (b)                                                    (c) 

Figure 17. (a) Shift dress front, (b) shift dress left side, (c) shift dress back in Optitex PDS. 
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(a)                                                    (b)                                                   (c) 

Figure 18. (a) Princess dress front, (b) princess dress left side, (c) princess dress back in Optitex 
PDS. 

   
(a)                             (b)                                                    (c) 

Figure 19. (a) Fit and flare skirt dress front, (b) fit and flare skirt dress left side, (c) fit and flare 
skirt dress back in Optitex PDS. 

Survey development 

                A survey was developed using Qualtrics. In the first section of the survey, some general 

job-related questions were asked, such as Job title, work area, work experience etc. to provide 

greater insight into the respondents’ expertise. In the second section, participants were asked 

directly whether they use 3D simulation software, and if so, which system they use, which 

systems they prefer and their level of satisfaction using the software systems.  In the third 
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section of the questionnaire, a comparison was made between the virtual images that had been 

created and the real garment produced. The survey questions related to each research question 

are presented in table 4. The survey questionnaire can be found in Appendix A.  

Image capture. For capturing images of real garments to use in the survey, a consistent 

background set up was used to capture all the images for all three garments.  A medium grey 

paper backdrop was used with lighting arranged for minimal shadows in the final images.  A 

Canon 7D DSLR camera was used to take the pictures. JPEG images were uploaded to the 

computer and cropped. Images were cropped to 3.4 inches wide by 4 inches tall at 180 dpi. 

For capturing the images of 3D garments, the built-in camera function in the 3D systems 

was used. The computer graphics were not strong enough to enable high-resolution images. 

Afterimage capture, all the images were edited and cropped to ensure that all the images were 

the same size for the survey.  

Sampling Method 

The goals of this study were to evaluate different 3D visualization software systems to 

determine some of the factors that might impact the perceived drape appearance of virtual 

garments when compared to the real garments. The actual fabric properties required by each 

system were used to ensure that fabric definition aligned with each system’s expectations for 

their algorithms. A standard mannequin in the actual and virtual environment was used to 

ensure that differences between the virtual avatar and real fitting form was minimized.  

Survey data was collected from industry practitioners and a few students. Participants 

were recruited through Email and LinkedIn from different apparel companies known to use 3D 

software for some of their work. Students working particularly with 3D simulation systems were 
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also used to a lesser extent. Data were collected from February 17th to March 17th. The initial 

goal was to obtain responses from at least 50 subjects. Based on the research deadlines, a 

decision was made to close the survey at 31 participants. Literature suggests that 30 

participants are enough for a reliable study (Stephanie, 2013). The Institutional Review Board 

(IRB) at NC State University approved this research, protocol (20338).  Email and LinkedIn 

recruitment posts can be found in Appendix B and C, respectively. 

Data Collection 

 Data were collected in multiple stages. Fabric properties were determined using the CLO 

fabric testing kit to provide the required information for CLO 3D. This information was loaded 

into the software during the virtual draping process for the three garment designs. Physical 

testing data was collected, as per system required, for Optitex 3D and loaded into the system 

during the garment virtual simulation process. 

Survey data was collected using a Qualtrics online survey. Responses to the survey were 

downloaded into an Excel file for further use. 

Data Analysis 

The Excel data file was used in JMP statistical analysis software to answer the research 

questions.  Appropriate statistical analysis methods were chosen based on the variables and 

data types. In this study, in most of the cases, Chi-square test was used as appropriate, because 

the Chi-square test can be applied where a comparison is needed between frequencies or if 

there are any significant differences between responses as experienced from the literature 

review (Lim, 2009).  To facilitate comparison between two 3D systems, contingency tables were 

used to represent the data containing counts of responses. A mixed-method approach was 
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chosen to respond to the research questions since the research contained both qualitative and 

quantitative data (Creswell & Creswell, 2018).  Qualitative data was generated from open-

ended questions that were provided in the survey to have further insights of the respondents. 

On the other hand, a quantitative method was used to analyze all the survey questions which 

had coded numeric values except the open-ended question. However, quantitative analysis was 

done based on the Likert scale used in the survey to measure the responses. According to 

Creswell and Creswell (2018), survey data should be coded and then analyzed to form a 

statistical conclusion. Respondents’ open-ended comments in the survey were also collected 

using Qualtrics and these data were analyzed manually using a qualitative approach (Creswell & 

Creswell, 2018). Because there were just 9 open-ended comments, these responses offer 

supplementary insight rather than a firm conclusion.   

Summary 

 At the beginning of this research, three different styled garments were designed for the 

evaluation. Flat patterns were created for all of them using Gerber AccuMark 2D software. Also, 

in this research, the virtual and physical version of a standard Alvanon mannequin was used. 

Prototypes were created using cotton muslin fabric. Based on the shape and fit of the first 

muslin prototypes, 2D patterns were corrected. Final patterns were imported into two different 

3D systems. A 100% wool fabric was selected for final garment construction and was tested as 

appropriate for each 3D software. Physical garments were created for comparison with the 3D 

virtual images developed with each software system. The survey with comparison images as 

was sent to industry members and students who work with 3D simulation systems. Data were 
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collected and analyzed. The Summary of the research process is shown in Table 4 and the 

workflow is shown in figure 20. 

Table 4 
Summary of Methodology 

Research Questions Data Collection Data Analysis 
1. Is There A Difference in the Appearance 

of Virtual Garments when Compared to 
Actual Garments?  
a. Does 3D software system impact the 

appearance? 
b. Does respondent job title impact 

how appearance is evaluated? 

c. Do years of experience have an 
impact on how appearance is 
evaluated? 

Survey questions 9-11 Statistical analysis of 
survey data was 
conducted as appropriate 
for the data 

2. Do design details have any impact on 
the simulation of a garment when 
compared to an image of the real 
garment? 
a. Do Design Details Impact the 

Appearance of Garment Drape, 
Regardless of Whether the Garment 
Is Real or Virtually Simulated?  

b. Do Design Details Impact the 
Appearance of Garment Drape 
Based on Software Used? 

 

Survey questions 12-20 Statistical analysis of 
survey data has been 
conducted 

3. What are the respondents’ feelings 
about 3D Software? 

Survey question 21 Quantitative analysis of 
survey data  

4. How Interested and Likely Are 
Respondents in Using 3D Software? 

Survey question 22 Quantitative analysis of 
survey data  

5. What Are the Perceptions of Benefits Of 
3D Simulation Systems? 
a. Does Software Choice Have Any 

Impact on The Perception? 
b. Does Perception of Benefits Of 3D 

Systems Vary with Job Role? 

Survey questions 8,23 Qualitative and statistical 
analysis of survey data  



40 
 

 

Figure 20. Methodology flowchart. Developed by the author. 
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CHAPTER IV 
FINDINGS 

Description of Sample 

 Survey responses were collected from industry professionals and six students who have 

used 3D product development software. A total of 31 survey responses were collected. Two 

different software systems were evaluated. The survey contained a total of 23 questions with 1 

open-ended question. There were several questions with ‘Other’ (job title, product category, 

work area and 3D software use) as a choice and based on these responses new categories were 

added for statistical analysis. 

Of the 31 respondents, most worked as Technical designers (29%), with the second-

largest category being students and pattern designers (19% each) (Figure 21). Forty-two 

percent of the respondents had less than 4 years of experience and 38% had 7 or more years 

(Figure 22). 

 
Figure 21: Survey participants’ job titles 
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Figure 22. Participants’ years of experience within the fashion and textile industry. 

Participants were asked which product categories they worked with, among eight 

product categories. After evaluating the “other” responses, three more product categories 

were added. The largest percentage of respondents, 19 %, worked or had worked with 

women’s and men’s tops and bottoms. About 6% of the respondents worked with footwear, 

and another 6% worked with fashion and apparel accessories. Overall, respondents had worked 

with children’s wear, protective products, men’s and women’s tops and bottoms, men’s 

activewear, innerwear, fashion and apparel accessories, and women’s dresses. 

Survey respondents were asked which functional area of the business they are currently 

working in or had worked in among eight specific categories. After evaluation of the “other” 

data, three more categories were added. Almost all the respondents had worked in multiple 

areas. Most of them had experience in the product development area. The highest percentage 

of participants responded that they worked in three areas, including product development, 

product/CAD design and technical pattern making (Figure 23).  
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Figure 23. Participants’ functional work areas. 

Out of the 31 participants, 94% (29) are using or have used 3D virtual design software 

and simulation tools previously. Another 6% of participants (2) said their company is 

transitioning to 3D systems.  

Survey participants were asked which 3D simulation software they use or have 

previously used among seven software systems listed (CLO 3D, Optitex, Browzwear, Lectra 

Modaris 3D, AccuMark 3D, Tuka3D, Vidya by Assyst). After review of the “other” responses, two 

more systems were added to the list (Envision and Shima Seiki). Most of the respondents said 

that they had used multiple 3D visualization systems. The highest number of participants had 

used CLO 3D and Optitex (19 and 11, respectively). From the responses, very few identified 

having used Tuka3D and Envision (Figure 24). 
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Figure 24. 3D systems used by the participants. 

Participants were also asked which 3D systems they preferred to work on. The majority 

said they preferred using CLO3D (14 or 45%), with the second-highest number (9 or 29%) 

preferring Browzwear (Figure 25).  Among the 31 survey participants, 94% said that they have 

used 3D systems and another 6% responded that they will use these systems (Figure 26). 

 
Figure 25. Software preference of the participants. 
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Figure 26. Use of 3D systems by the respondents. 

RQ 1. Is There A Difference in the Appearance of Virtual Garments when Compared to Actual 

Garments? 

 The questions in the questionnaire related to the virtual appearance of the 3D garments 

compared to the real garments included images of the side view, front view, and back view of 

both the actual garments and virtual garments simulated in two different systems. Three 

different garments designs were evaluated, which were a shift, princess, and fit and flare skirt 

dress. Participants had two options to choose from: ‘Not so realistic’ or ‘Very realistic’ to obtain 

a more definitive response between the systems under evaluation. 

RQ 1a. Does 3D software system impact appearance? From the survey responses 

related to the three different garment styles, the impact of the 3D systems on the appearance 

of the virtual garments was evaluated. Based on the contingency analysis (Table 5) there was 

no significant difference between how Optitex and CLO simulated the garments. However, 

majority of the respondents indicated that the garments simulated in Optitex were slightly 

more realistic for the dress front than the simulations in CLO. About 55% of the respondents 

said the dress front simulated in CLO did not look realistic. The dress back was not considered 

as realistic as the dress front and side (Figure 27).  
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Table 5 
Contingency Table: Evaluation of Dress Front, Side and Back by the Software System 

 Dress Front Dress Side Dress Back 

Count 
Total% 
Col% 
Row% 

Not so 
realistic 

Very 
realistic 

Total Not so 
realistic 

Very 
realistic 

Total Not so 
realistic 

Very 
realistic 

Total 

CLO 
 

53                              
28.49   
54.64    
56.99              

40 
21.51              
44.94 
43.01 

93 
50.00 

46 
25.00 
51.69 
49.46 

47 
25.54 
48.31 
47.25 

93 
50.54 

61 
33.15 
50.83 
65.59 

32 
17.39 
50.00 
34.41 

93 
50.54 

Optitex 
 

44                
23.66   
45.36  
47.31                            

49 
26.34 
55.06 
52.69 

93 
50.00 

43 
23.37 
51.69 
49.46 

48 
26.09 
50.53 
51.75 

91 
49.46 

59 
32.07 
49.17 
64.84 

32 
17.39 
50.00 
35.16 

91 
49.46 

Total 
 

97 
52.15 

89 
47.85 

186 89 
48.37 

95 
51.63 

184 120 
65.22 

64 
34.78 

186 

Test Chisquare Prob>Chisq Chisquare Prob>Chisq Chisquare Prob>Chisq 

Likelihood 
Ratio 

1.748 0.1861 0.090 0.7643 0.012 0.9142 

Pearson 1.745 0.1865 0.090 0.7643 0.012 0.9142 

 
 

Figure 27. The mosaic plot of contingency analysis of dress front, side and back by the software 
system. 

 1b. Does respondent job title impact how appearance is evaluated? There was 

statistically no significant difference in how the 3D simulations of three different styled 

garments were evaluated by the participants based on their job title. Students evaluated the 

front, side, and back images equally realistic and not so realistic. Responses from other 

categories varied (Figure 28). Table 6 shows the contingency analysis results of the test. 
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Figure 28. The mosaic plot of contingency analysis of dress front, side and back by job title. 

Table 6 
Contingency Table: Evaluation of Dress Front, Side and Back by Job Title 

 Dress Front Dress Side Dress Back 

Count 
Total% 
Col% 
Row% 

Not so 
realistic 

Very 
realistic 

Total Not so 
realistic 

Very 
realistic 

Total Not so 
realistic 

Very 
realistic 

Total 

3D product 
design & 
development  

2                              
6.45   
14.29    
50.00 

2                              
6.45   
11.76 
50.00 

4 
12.90 

0                
0.00 
0.00 
0.00                            

4 
12.90 
23.53 
100.00 

4 
12.90 

2                              
6.45   
9.52  
50.00 

2                              
6.45   
20.00 
50.00 

4 
12.90 

Material & 
fabric R&D  

0                
0.00 
0.00 
0.00                            

2                              
6.45   
11.76 
100.00 

2                              
6.45   
 

1 
3.23 
7.14 
50.00 

1 
3.23 
5.88 
50.00 

2                              
6.45   
 

2                              
6.45   
9.52 
100.00 

0                
0.00 
0.00 
0.00                            

2                              
6.45   
 

Pattern design 2                              
6.45   
14.29    
33.33 

4 
12.90 
23.53 
66.67 

6 
19.35 

3 
9.68 
21.43 
50.00 

3 
9.68 
17.65 
50.00 

6 
19.35 

5 
16.13 
23.82 
83.33 

1 
3.23 
10.00 
16.67 

6 
19.35 

Product 
development 

2                              
6.45   
14.29    
50.00 

2                              
6.45   
11.76 
50.00 

4 
12.90 

1 
3.23 
7.14 
25.00 

3 
9.68 
17.65 
75.00 

4 
12.90 

4 
12.90 
19.05 
100.00 

0                
0.00 
0.00 
0.00                            

4 
12.90 

Students 
 

3 
9.68 
21.43 
50.00 

3 
9.68 
17.65 
50.00 

6 
19.35 

3 
9.68 
21.43 
50.00 

3 
9.68 
17.65 
50.00 

6 
19.35 

3 
9.68 
14.29 
50.00 

3 
9.68 
30.00 
50.00 

6 
19.35 

Technical 
design 

5 
16.13 
35.71 
55.56 

4 
12.90 
23.53 
44.44 

9 
29.03 

6 
19.35 
42.86 
66.67 

3 
9.68 
17.65 
33.33 

9 
29.09 

5 
16.13 
21.81 
55.56 

4 
12.90 
40.00 
44.44 

9 
29.03 

Total 
 

14 
45.16 

17 
54.84 

31 14 
45.16 

17 
54.84 

31 21 
67.74 

10 
32.26 

31 

Test Chisquare Prob>Chisq Chisquare Prob>Chisq Chisquare Prob>Chisq 
Likelihood 
Ratio 

3.273 0.6580 7.320 0.1979 7.351 0.1958 

Pearson 2.511 0.7748 5.764 0.3299 5.577 0.3496 
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RQ 1c. Do years of experience have an impact on how appearance is evaluated? The 

participants were asked about the years of experience they had within the textiles industry on a 

scale of 1 to 6, with 1 being “less than a year/recent graduate”, 2 being “1-3 years”, 3 being “4-

6 years”, 4 being “7-10 years”, 5 being “11-15 years” and 6 being “15 + years” of experience. 

For the dress front, people who have 11-15 years of experience said that the dress front looked 

very realistic. Most importantly, years of experience had a statistically significant impact on 

how they evaluated the “Dress back” (Figure 29). All of the Respondents with 4 to 6 years of 

experience responded to dress back being ‘Not so realistic’. Mostly, people who had 7 to 15+ 

years of experience thought the dress back looked ‘Not so realistic’.  As the number of years of 

experience increased the greater the number who responded that the dress back was ‘not so 

realistic’. Table 7 shows the contingency analysis result of the test. 

Figure 29. The mosaic plot of contingency analysis of dress front, side and back by years of 

experience. 
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Table 7 

Contingency Table: Evaluation of Dress Front, Side and Back by Years of Experience 

 Dress Front Dress Side Dress Back 

Count 
Total% 
Col% 
Row% 

Not so 
realisti
c 

Very 
realistic 

Total Not so 
realistic 

Very 
realistic 

Total Not so 
realistic 

Very 
realistic 

Total 

Less than a 
year/Recent 
graduate  

3 
9.68 
21.43 
50.00 

3 
9.68 
17.65 
50.00 

6 
19.35 

2 
6.45 
14.29 
33.33 

4 
12.90 
23.53 
66.67 

6 
19.35 

1 
3.23 
4.76 
16.67 

5 
16.13 
50.00 
83.33 

6 
19.35 

1-3 years 
 

4 
12.90 
28.57 
57.14 

3 
9.68 
17.65 
42.86 

7 
22.58 

3 
9.68 
21.43 
42.86 

4 
12.90 
23.53 
57.14 

7 
22.58 

5 
16.13 
23.81 
71.43 

2 
6.45 
20.00 
28.57 

7 
22.58 

4-6 years 
 

4 
12.90 
28.57 
66.67 

2 
6.45 
11.76 
33.33 

6 
19.35 

4 
12.90 
28.57 
66.67 

2 
6.45 
11.76 
33.33 

6 
19.35 

6 
19.35 
28.57 
100.00 

0 
0.00 
0.00 
0.00 

6 
19.35 

7-10 years 1 
3.23 
7.14 
20.00 

4 
12.90 
23.53 
80.00 

5 
16.13 

2 
6.45 
14.29 
40.00 

3 
9.68 
17.65 
60.00 

5 
16.13 

3 
9.68 
14.29 
60.00 

2 
6.45 
20.00 
40.00 

5 
16.13 

11-15 years 0 
0.00 
0.00 
0.00 

2 
6.45 
11.76 
100.00 

2 
6.45 
 

1 
3.23 
7.14 
50.00 

1 
3.23 
5.88 
50.00 

2 
6.45 

2 
6.45 
9.52 
100.00 

0 
0.00 
0.00 
0.00 

2 
6.45 

15+ years 2 
6.45 
14.29 
40.00 

3 
9.68 
17.65 
60.00 

5 
16.13 

2 
6.45 
14.29 
40.00 

3 
9.68 
17.65 
60.00 

5 
16.13 

4 
12.90 
19.05 
80.00 

1 
3.23 
10.00 
20.00 

5 
16.13 

Total 14 
45.16 

17 
54.84 

31 14 
45.16 

17 
54.84 

31 21 
67.74 

10 
32.26 

31 

Test Chisquare Prob>Chisq Chisquare Prob>Chisq Chisquare Prob>Chisq 
Likelihood 
Ratio 

5.434 0.3653 1.614 0.8995 13.469 0.0194 

 Pearson 4.562 0.4716 1.601 0.9011 11.497 0.0424 

RQ 2. Do Design Details Have Any Impact on the Simulation of a Garment When Compared to 

an Image of the Real Garment?  

In response to RQ 2, the Survey questions were organized into two categories. The first 

category included the images of actual and virtual garments simulated in different 3D systems 

including front, side, and back view.  Participants were asked which row of draped garments 



50 
 

looked realistic by responding to the answer choices. The second category included comparing 

different images of garments of different styles (shift, princess, and skirt) and participants were 

asked whether the style lines might have impacted the appearance of the garment drape. To 

measure the results, a 5-point Likert scale was used with 1 being ‘Definitely yes’, 2 being 

‘Probably yes’, 3 being ‘Not sure’, 4 being ‘Probably not’ and 5 being ‘Definitely not’. 

 RQ 2a. Do design details (such as the location of seam lines, darts, and ease) impact 

the appearance of garment draping, regardless of whether the garment is real or virtually 

simulated?  Since the respondents in this study were all qualified textile and apparel specialists, 

an assumption was made with this question that they would understand the concept of fabric 

drape and be familiar with evaluating how a fabric looks in garment form on a body.  By 

providing images of virtual and real garments, participants were asked whether changes in the 

design had impacted the drape appearance or not. In the case of the shift and princess dress 

combination and skirt and shift dress combination, most of the participants said the design 

details did not impact the draping (Figure 30). However, the result was not statistically 

significant. 

 
Figure 30. The mosaic plot of garments drapes by real and virtual garments. 
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RQ 2b. Do design details impact the appearance of garment drape based on the 

software used? By providing images of real and virtual garments in three different designs 

(shift, princess, and skirt) containing front, side, and back view simulated in two different 

software systems, we asked participants which software provides best realistic drape. In the 

case of the skirt dress, about 84% of people said CLO had given the most realistic drape. In the 

case of the princess dress, most of the people chose Optitex (Figure 31). The results show a 

significant difference in software choice based on garments with different style lines (Table 8). 

 
Figure 31. Impact of design details on garment drape based on the software used. 
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          Table 8 
          Contingency Table: Evaluation of Impact of design details 

Count 
Total% 
Col% 
Row% 

Optitex CLO Total 

Princess 
 

24 
26.09 
58.54 
80.00 

6 
6.52 
11.76 
20.00 

30 
32.61 

Shift 
 

12 
13.04 
29.27 
38.71 

19 
20.65 
37.25 
61.29 

31 
33.70 

Skirt 
 

5 
5.43 
12.20 
16.13 

26 
28.26 
50.98 
83.87 

31 
33.70 

Total 41 
44.57 

51 
55.43 

92 

Test Chisquare                                     Prob>Chisq 
 

Likelihood 
Ratio 

27.653                                            <.0001 

Pearson 25.825                                            <.0001 

 

RQ 3. What Are Respondents’ Feelings About 3D Software?   

 Survey respondents were asked some questions related to their feelings about 3D 

visualization technology. The results were measured in a 5-point Likert scale of 1 being ‘Strongly 

agree’, 2 being ‘Agree’, 3 being ‘Neither agree nor disagree’, 4 being ‘Disagree’ and 5 beings 

strongly disagree’. All of the participants said they are willing to try 3D software systems and 

agreed that 3D systems help in prototyping (Figure 32). 



53 
 

 
Figure 32. Respondents feeling about 3D software systems. 

When the data against the respondent’s job title, years of experience and product background 

were analyzed, no significant impact was found.  

RQ 4. How Interested and Likely Are Respondents’ in Using 3D Software?  

Survey participants were asked about their interest in using 3D technology in the design 

and development process of garments. Most of the participants said they are very interested in 

using 3D technologies in the design and development of products (Figure 33). Participants were 

also asked how likely they were to use 3D visualization tool as a substitute for prototyping of 

garments. Most of them said they are most likely to use the 3D tool as a substitute for 

prototyping. Just 2% of the respondents said they were somewhat less likely to use 3D software 

as a substitute for prototyping (Figure 33). The values were measured in a 5-point Likert scale of 

1 to 5, with 1 being “Least” and 5 being “Most”.  
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Figure 33. Participants’ interest and the likelihood of using 3D software. 

We also analyzed whether job title had impacted the interest and likeliness of 

respondents in case of using 3D simulation systems and we found job title has no impact on 

their response. 

RQ 5. What Are the Perceptions of Benefits Of 3D Simulation Systems?  

Survey participants were asked about their level of satisfaction with 3D virtual 

simulation software experience. The responses were measured in a 5-point Likert scale of 1 

being ‘Agree’, 2 being ‘Somewhat agree’, 3 being ‘Neither agree nor disagree’, 4 being 

‘Somewhat disagree’ and 5 beings ‘Disagree’.  All the participants agreed that 3D systems help 

with prototyping and about 94% agreed that it reduces the time of the design process.  

Respondents had mixed opinions about 3D garments being representative of the final/actual 

garments. Approximately half of the respondents said that 3D garments reflect fit accurately 

(Figure 34). 
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Figure 34. 3D system user satisfaction. 

RQ 5a. Does software choice have any impact on the perception?  The respondents’ 

preferred software had an impact on their perception of the benefits of 3D systems. Users who 

preferred to use Optitex and Browzwear strongly agreed that 3D systems help with 

prototyping. In the case of 3D systems reducing time in the design process and representing 

final garments, there was no significant difference by job title of the respondents, however, 

those who preferred Optitex strongly agreed that 3D systems would save time. In the case of 

3D systems reflecting accurate fit, respondent’s job title had no significant impact on their 

perception, but 88.89% of those who preferred using Browzwear had agreed that 3D systems 

reflect fit accurately (Figure 35). Table 9 shows that these results related to prototyping and fit 

reflection are statistically significant. 
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Figure 35. Impact of software choice on the perception of benefits. 

 

Table 9 
Probability Tests 

RQ 5b. Does the perception of the benefits of 3D systems vary with job role? Among 

respondents, 74% disagreed that the 3D system takes more time than physical prototyping, and 

all agreed that virtual prototyping can eliminate textile waste by reducing the number of 

prototypes required.  A majority of the respondents agreed that a trained workforce is required 

to work on the 3D systems. Respondents had mixed opinions about the ease of data exchange, 

realistic fabric texture and the ability of 3D systems to simulate details of garments (Figure 36).  

 Helps in Prototyping Fit Reflection 

Test ChiSquare Prob>ChiSq ChiSquare Prob>ChiSq 

Likelihood 
Ratio 

13.335 0.0097 26.893 0.0427 

Pearson 10.730 0.0298 24.181 0.0856 
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Figure 36. Respondents perception of 3D systems. 

By analyzing whether the perception of the benefits of 3D systems varies with the job 

title, results show that, for the most part, perception does not vary significantly based on the 

job title.  The exception to this was that job title did impact the perception of realistic fabric 

texture significantly (Figure 37). Students and those in material and fabric R&D somewhat 

disagreed that fabric texture appeared realistic. 

 
Figure 37. Realistic Fabric texture by Job title. 
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CHAPTER V 
CONCLUSION AND DISCUSSION 

Introduction to The Study 

The impact of 3D visualization systems on the simulation of garments was evaluated in 

this study. Three different garments (shift, princess, and fit and flare skirt dress) were simulated 

in two different 3D virtual design software systems and cut and sewn into physical garments.  

Images of the physical and virtual garments were evaluated by industry professionals and 

students, who all had familiarity or experience with 3D virtual design software systems.  

 Three-dimensional software systems appear to be helping with the design, development 

and prototyping processes that are an essential part of the apparel industry.  The purpose of 

this study was to explore the reliability of 3D rendering in the apparel design and development 

process and to determine factors that might have an impact on related perceptions.  

 In this study following research questions were explored: 

RQ 1.   Is there a difference in the appearance of virtual garments when compared to 

actual garments?   

a. Does 3D software system impact the appearance of simulated garments? 

b. Does respondent job title impact how appearance is evaluated?  

c. Do years of experience have an impact on how appearance is evaluated? 

RQ 2.   Do design details have any impact on the simulation of the garment when 

compared to an image of the real garment? 
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a. Do design details impact the appearance of garment drape, regardless of 

whether the garment is real or virtually simulated?  

b. Do design details impact the appearance of garment drape based on the 

software used? 

RQ 3.   What are the respondent’s feelings about 3D Software? 

RQ 4.   How interested and likely are respondents in using 3D software? 

RQ 5.  What are the perceptions of the benefits of 3D simulation systems? 

a. Does software choice have any impact on the perception?  

b. Does the perception of the benefits of 3D systems vary with job role? 

 For this research, three dresses were designed (shift, princess, fit and flare skirt). The 

flat patterns for these three dresses were engineered using Gerber Accumark Pattern Design 

software. The fabric was selected and tested using physical testing standards and the CLO fabric 

testing kit, as appropriate and required by the 3D software systems. Fabric data were 

transferred to the 3D simulation systems to ensure that fabric was accurately represented 

within each system. The pattern files for the dresses created in Accumark were exported as 

.DXF files and were then imported into two 3D virtual software systems. These files were used 

to create the simulation of the virtual garments.  

The patterns engineered in Gerber Accumark were also cut and sewn into physical 

garments.  They were first cut and sewn in muslin fabric, as prototypes, as is normal in the 

traditional product development process. The final patterns were then cut and sewn out of 

wool gabardine fabric.  
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A Qualtrics survey was generated and approved by the Institutional Review Board (IRB) 

at NC State University. Participants were recruited from different apparel companies known to 

use 3D simulation systems.  Survey responses were analyzed statistically using JMP statistical 

analysis software.   

Research Question One 

RQ 1. Is there a difference in the appearance of virtual garments when compared to 

actual garments? 

a. Does 3D software system impact the appearance of simulated garments? 

Based on the survey responses, the appearance of the simulated garments did not 

vary significantly between the software systems evaluated. This finding supports the 

idea that 3D software could be used to reduce the number of sample garments that 

might be needed for new products during the development phase. When simulated 

garments are perceived to appear very similar to the real garments, many decisions 

can be made that could reduce a great deal of time and expense related to the 

development of new products.   

Does respondent job title impact how appearance is evaluated?  

From the contingency analysis of the survey responses, there was no significant difference 

in how people with different job titles evaluated the appearance of simulated garments. 

However, people working in material and fabric R & D had a somewhat different response than 

the overall response. They thought that the dress front looked very realistic and the dress back 

looked not so realistic, whereas other respondents had mixed opinions. An equal number of 
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students evaluated the dress front, side and back view the same way. The expectations were 

that job title might have impacted the responses based on the literature review which shows 

that industry professionals have different skill sets based on their job duties, which could make 

a difference in the application of the technologies (Jacoby et al.,2014). Baytar (2018) found that 

student interaction skills with 3D visualization systems changed over time with the recurrent 

use of the technology. Hence with time and increase in experience, student’s perceptions of the 

3D visualization system also changed (Baytar, 2018). 

b. Do years of experience have an impact on how appearance is evaluated? 

The evaluator’s years of experience did not have a statistically significant difference in 

how they evaluated the front and side of the virtual dresses. However, there was a significant 

difference in how they evaluated the dress back. We found that the more experienced people 

evaluated the dress front and back differently than people with less experience. There is no 

explanation of why the dress front and back have been evaluated differently. 

Research Question Two 

RQ 2. Do design details have any impact on the simulation of a garment when compared 

to an image of the real garment? 

a. Do design details impact the appearance of garment drape, regardless of whether the 

garment is real or virtually simulated?  

By comparing somewhat similar garments with different style lines in both real and 

virtual garments, the findings suggest that changes in these details did not impact the 

appearance of the garment drape. From the results of the garments study, it can be concluded 

that simple style lines will not impact the drape. Hence, designers can consider draping or 
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prototyping simply designed garments virtually, successfully based on this research. However, 

this research did not explore complex designs that could impact the ease of draping or success.   

b. Do design details impact the appearance of garment drape based on the software 

used? 

The front, side, and back view images of real and virtual garments in three different 

designs (shift, princess, and skirt) and two different software systems were compared. The 

impact of design details on the appearance of the garment drape was statistically significant, 

based on the software used to create the virtual garments. In the case of the fit and flare skirt 

dress, about 84% of the respondents said CLO gave the most realistic drape.  More respondents 

chose Optitex as being the most realistic for the princess dress.  For the shift dress, more 

respondents again chose CLO as being more realistic than Optitex. This result suggests that the 

appearance of apparel product drape might be affected by particular software use, but 

researchers have no explanation for this result. More research should be conducted to get a 

better idea of the factors that contributed to this outcome.  

Research Question Three 

 RQ 3. What are the respondent’s feelings about 3D software? 

 All the respondents agreed that the 3D software systems could be helpful in prototyping 

and all of them are willing to try 3D virtual design software systems. However, respondents had 

mixed feelings about how easy the 3D software systems would be to learn and how realistic the 

fabric and garments appear.  Respondents generally considered this type of software to be 
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expensive, which could be a deterrent to its use.  Job title, years of experience and product 

background of the respondents had no statistically significant impact on responses. 

Research Question Four 

 RQ 4. How interested and likely are respondents in using 3D software? 

The majority of the survey participants, regardless of job title, responded that they were 

interested in using the 3D technology for the design and development process and are likely to 

use the technology as a substitute for the prototyping of garments. We also found that 

approximately 19% of the respondents used Browzwear which was the highest among the 

other software choices used by the respondents, which might have impacted their interest and 

likeliness of using 3D systems.   

Research Question Five 

RQ 5. What are the perceptions of the benefits of 3D simulation systems?  

Survey participants were asked about their level of satisfaction and experience with 3D 

virtual simulation software.  All of the participants agreed that 3D systems could help with 

prototyping.  Most of the respondents believed that the use of these systems could reduce 

product development time.  There were mixed opinions about how representative 3D garments 

were of the of final garments. Only about half of the respondents agreed that 3D simulated 

garments accurately reflected the fit of garments.  These responses may be based on each 

subject’s own experience, which was not as controlled in our experiment.  Often manufacturers 

have no say in the type of 3D software used by their contractors.  With so little control, it is not 
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surprising that what they see virtually might not be what they get physically.  Besides, even the 

Alvanon fit forms that match the avatars very precisely, still are not human.  The last thing 

every company must do in the product development process is to try the final garment on a 

real person to evaluate fit.  This could be where there are very significant differences, and this 

is an issue that the industry is currently working to resolve (by creating fit forms more closely 

shaped like their live fit models).  

a.     Does software choice has any impact on the perception?  

The respondents’ preferred software had an impact on their perception of the benefits 

of 3D systems. Most importantly software choice had a statistically significant impact on the 

prototyping and fit reflection. All the participants agreed that 3D systems could help with 

prototyping, whereas respondents who preferred Optitex or Browzwear agreed more strongly. 

Software preference had no impact on the opinions related to the reduction of time in the 

design process, however, those who preferred Optitex strongly agreed with 3D systems saving 

time. About 89% of the respondents who preferred Browzwear agreed that 3D systems reflect 

fit accurately.  Based on the respondents’ support of other systems, as well, it appears that 3D 

systems might have advantages for use in other areas than just fit analysis.  CLO was ranked 

highly but did not come out on top as a preferred system.  This suggests that 3D software is 

used in many valuable ways, besides, to fit analysis. 

In the case of software preference, participants might have chosen the software they 

have had the most access to. Many might not have had access to some of the software that had 

the lowest responses. For example, students at NC State University did not have access to all 



65 
 

the software choices included in the survey which might have impacted their software choice. 

Some of them may have chosen Shima Seiki in the open-ended option because they have had 

access to the Shima Seiki software. 

b.   Does the perception of the benefits of 3D systems vary with job role? 

Most of the respondents disagreed that virtual garment simulation takes more time than 

physical prototyping. This response supports the earlier finding that most participants believed 

3D software would reduce the need for some physical prototyping. Most of the respondents 

agreed that 3D virtual simulation eliminates textile waste, requires a trained workforce to use, 

and can show realistic fabric texture and details of the garments. Participants had a mixed 

opinion about the 3D systems being able to eliminate the physical prototyping process and it is 

easy to exchange data from one 3D system to another.  The job title was one variable that 

impacted the belief that fabric texture was realistically simulated. Approximately 50% of the 

material/fabric R & D and student respondents disagreed that fabric texture was simulated 

realistically. A possible explanation for this might be that both groups tend to have a greater 

focus on the fabric texture rather than just the final product design.  

Open-Ended Comments 

Toward the end of the survey, the respondents were asked to provide any comments or 

suggestion that they might have regarding the 3D simulation technologies. Some of the 

comments provided might provide insight for the software companies. 

Some of the respondent’s comments suggested that software for 3D visualization needs 

to be better integrated with other 3D technologies, such as body scanning and 3D printing. The 
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barriers to entry, such as the significant learning curve, need to be addressed by software 

companies to increase apparel industry adoption.  Current professionals do not have the time 

to train on the software well enough to become proficient, which results in a sunk cost for the 

brand after failing to adopt the technologies.  Software companies need to partner with 

academic and industry institutions to promote, train, and further develop the software so they 

can be adopted more widely and easily. 

One respondent commented in the survey conducted through February 17th to March 

17th that there is a need for physical prototypes, “3D technology is very beneficial, but I don't 

think you can ever completely lose prototypes. 3D technology can never tell you how 

something feels when it is on, therefore we will always need to see new styles on a physical 

body.”  

Lighting and computer graphics in the 3D environment are crucial factors, which has 

also been mentioned by participants. “In the examples, using the same lighting standards would 

help as overhead lights vs dim light profiles create illusions in the 3D software still frames.” 

Another participant mentioned, “You had great images! However, the lighting in some of the 

3D images seemed darker than others.” Another comment to note, “I think the 3D software 

shows a realistic representation of the garment, but it depends on the computer graphics to 

show a true representation of it.”  

It was also clear from the comments that the apparel industry produces too much waste 

from the prototyping process. “We sample and waste way too much; I am for 3D technology!”. 

Respondents also think that “… 3D software can change the industry in a huge way”. 
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Summary 

  It is evident in the literature that the simulations for product development need to be 

realistic, otherwise the technology will not be adopted (Buyukaslan, Jevsnik, & Kalaoglu, 2018). 

Hence, this study aimed to explore to what extent available 3D systems could provide realistic 

simulation. This study explored different virtual simulation systems and their capabilities. The 

first research question determined that the appearance of the simulated garments was fairly 

accurate, regardless of the software used.  

Through the second part of the research question one, it was determined that people 

with different background and knowledge sometimes evaluated the appearance of the 

garments differently. Also, people with more experience within the fashion industry sometimes 

evaluated views of the garments differently and the difference was statistically significant. 

While we expected that experience might impact how a 3D product was perceived, the findings 

were not consistent across all views of the garment.  Further study, with more controlled 

lighting and image resolution, should be conducted to help determine why different views of 

the same product might be perceived differently. 

Through the second research question, it was determined that relatively simple changes 

in the design details did not impact the appearance of garments that were virtually draped in 

wool gabardine. Hence, designers can consider draping or prototyping various designed 

garments virtually without worrying about the design variations.  There was an indication that 

the software system used for the simulation might simulate some of the design details a little 

differently. Experience with multiple software systems should help accommodate the 
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differences that might occur, although users should be aware of how the systems work 

differently. This research did not explore complex designs that could impact the ease of draping 

or success, however. Further research needs to be conducted on garments with greater design 

complexity, more fabric volume, and more design ease to determine how well the different 

software systems manage complex garment designs and fabric variations. Designers should 

consider these issues when selecting the 3D software for use, based on the purpose of the 

software use.  

Since this study involved mostly respondents who work with 3D simulation systems in 

the product development process, it is important to know what they feel about these systems. 

All the respondents thought that 3D systems were helpful in prototyping and were willing to try 

3D systems. This information is encouraging and may help motivate more apparel companies to 

adopt the technology. Many respondents also thought that the 3D systems were expensive. 

Further longitudinal research needs to be conducted to validate the premise that the use of this 

technology could reduce costs.  If this can be demonstrated, then potential users might also be 

able to communicate the value to their management.  Participants in this study indicated that 

they were interested and likely to use 3D systems for product development, which can help 

encourage apparel companies to consider the technology for product development.  

In research question five, participants indicated that the use of 3D systems could reduce 

product development time, although there were mixed opinions about how representative 3D 

garments were of the final garments. Only about half of the respondents agreed that 3D 

simulated garments accurately reflected the fit of garments. This suggests that further research 

is needed in the area of fit reflection using 3D systems. It was also been found that the 
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respondents' software choice impacted the perception of 3D systems being helpful in 

prototyping and fit reflection. People who preferred Optitex or Browzwear agreed more 

strongly.  This information can be helpful data for companies trying to adopt 3D systems for 

prototyping.  It could help influence increased adoption of 3D technology for accurate and 

quality prototyping in apparel product development. 

Implications 

 COVID and use of 3D simulation systems. In the present situation of a world pandemic 

with the COVID-19 virus, virtual technologies are being used more than ever before. Since 

virtual software can be used successfully while maintaining a social distance, product 

development using these systems can be done very successfully. This research has explored the 

impact of design detail on the appearance of garment drape based on the software used. While 

some significance was found in the results, this significance cannot be explained easily. Since 

CLO and Optitex performed similarly, industry professionals could be successful in their design 

and development process with either of the systems. Amid a social crisis, this could be an 

important consideration to save time and effort.  

Limitations and Future Research 

 One of the limitations of this research was the small sample size of the survey (31 

participants), hence the results cannot be generalized. Future research should consider a bigger 

sample size. Initially, this study was intended for the industry professional’s evaluation of the 

survey contents but later it was opened for students who have had 3D simulation software 

experience. In some cases, the students had different responses than the overall industry 
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professionals, potentially based on their limited opportunity for broad experience. In future, 

only industry professionals in the related field should be considered for the evaluation of the 

survey content.  

 In this study three basic designed garments (shift, princess, and fit and flare skirt) were 

explored. Future research should evaluate more complex and various designed garments to 

look at not only garment drape, but also ease of simulation. The garments were all sleeveless. 

Garments with sleeves might give a different impression on the virtual platform, which might 

be explored in future research. 

 In this research, actual fabric properties were tested to achieve a more realistic 

simulation of the virtual garments. A physical testing kit developed by one of the software 

systems and ASTM standard testing kits were used to obtain the most precise description of 

fabric properties for use in the 3D system. Transferring the physical testing data from the 

system to the 3D software was cumbersome. In future research, more reliable and simplified 

method of testing fabric and transferring data to the 3D system can be explored. 

 This research included only included 100% wool gabardine fabric, which has different 

drape characteristics than many other fabric types. Future research should explore a wider 

variety of different fabrics.  

 For 3D rendering, the power of the graphics card of the computer is very important. In 

future research, a more powerful computer can be used for 3D simulation of the garments.  

There was no control over survey respondents’ use of technology for completing the survey. 

Different technology might have impacted how they were viewing the survey components. 
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There is virtually no way to control the technology used to respond to a survey and attempting 

to do so may reduce the number of respondents.  This is a potential issue that should be 

considered by industry users when evaluating 3D virtual products using various devices.  

The survey questions were developed with the expectation that the respondents would 

have a basic understanding of and experience with the evaluation of fabric drape and garment 

fit.  Since there was no way to determine the level of the participants’ understanding and 

experience with those concepts, results might have been impacted. In Future research, more 

clarity of survey questions could be helpful.  
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Appendix A 
Survey 

Q1. What is your current job title? 

o Product Design 

o Technical/Pattern Design 

o Product Development 

o Merchant/Buyer 

o Marketing 

o Other 

 

Q2. What product category do you work with or have worked with previously? Please 

select all that apply. 

o Children's wear 

o Men's bottoms/pants 

o Men's tops/outerwear 

o Women's bottoms/pants 

o Women's tops/outerwear 

o Innerwear/undergarments 

o Fashion and apparel accessories 

Other 

Q3. How many years of work experience do you have within the fashion and textile 

industry? 

o Less than 1 year/recent graduate 

o 1-3 years 

o 4-6 years 

o 7-10 years 

o 11-15 years 

o 15+ years   

Q4. What areas do you currently work or have worked previously? Please select all that apply. 

o Product Development 

o Product/CAD Design 

o Technical Pattern Making 

o Sourcing/Logistics 
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o Engineering/Textile Technology 

o Merchandising/Buying 

o Marketing 

o Other 

Q5. 3D virtual apparel simulation is visualization of 3D garments and fabric in a 3D space. Do 

you currently use or have used 3D virtual design or visualization tools in your position(s). 
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o Yes, I use it frequently 

o Yes, but only use it sometimes 

o Yes, I have used them in previous positions 

o No, but my company is transitioning to 3D software 

o No, I do not use these programs 

 

Q6. Which 3D visualization/simulation software tool do you use or have you previously 

used? (Select all that apply.) 

 

o CLO 3D 

o Optitex 

o Browzwear 

o Lectra 3D 

o Gerber 3D 

o Tuka3D 

o Vidya by Assyst 

o Other 

 

Q7. Which 3D visualization/simulation software tool do you prefer to work on? 

 

o CLO 3D 

o Optitex 

o Browzwear 

o Lectra 3D 

o Gerber 3D 

o Tuka3D 

o Vidya by Assyst 

o Other 

 

  Q8. If you use/have used 3D simulation/visualization software, please rate your level of 

 satisfaction from strongly agree to strongly disagree. 
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Strongly Agree 

(1) 
Somewhat 
Agree (2) 

Neutral (3) 
Somewhat 

Disagree (4) 
Strongly 

Disagree (5) 

Helps with 
prototyping (1)  o  o  o  o  o  
Reduces time in 

the design 
process (2)  o  o  o  o  o  

3D garment is 
representative 

of the final 
garment (3)  

o  o  o  o  o  

Reflects fit 
accurately (4)  o  o  o  o  o  

 

Q9. The following images reflect the same garment using different 3D design systems. 

Please answer which row of image's looks more realistic to you? (1st row of images are the 

image of real garments, please compare with that) 
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 Row A Row B 

 Not so realistic (1) Very Realistic (2) Not so realistic (1) Very realistic (2) 

Dress front (3)  o  o  o  o  

Dress side (4)  o  o  o  o  

Dress Back (5)  o  o  o  o  

 

Q10. The following images reflect the same garment using different 3D design systems. 

Please answer which row of image's looks more realistic to you? (1st row of image's 

are the image of real garments, please compare with that) 
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 Row A Row B 

 Not so realistic (1) Very realistic (2) Not so realistic (1) Very realistic (2) 

Dress front (3)  o  o  o  o  

Dress side (4)  o  o  o  o  

Dress Back (5)  o  o  o  o  

 

Q11. The following images reflect the same garment using different 3D design systems. 

Please answer which row of image's looks more realistic to you? (1st row of images are the 

image of real garments, please compare with that) 
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 Row A Row B 

 Not so realistic (1) Very realistic (2) Not so realistic (1) Very realistic (2) 

Dress front (3)  o  o  o  o  

Dress side (4)  o  o  o  o  

Dress Back (5)  o  o  o  o  

 

Q12. Do you see any difference in the drape of the dress? If so, which one has more realistic 

drape? (First row of image is the image of real garments, please compare with that) 
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o Row A 

o Row B 

 

Q13. Do you see any difference in the drape of the dress? If so, which one has more realistic 

drae (the first row of image is the image of real garments, please compare with that) 
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o Row A 

o Row B 

 

Q14. Do you see any difference in the drape of the dress? If so, which one has more realistic 

drape? 

(First row of image is the image of real garments, please compare with that) 
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o Row A 

o Row B 

 

Q15. Do you think changes in the design of the garments has impacted the draping? 
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o Definitely yes 

o Probably yes 

o Not sure 

o Probably not 

o Definitely not 

 

Q16. Do you think changes in the design of the garments has impacted the draping? 
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o Definitely yes 

o Probably yes 

o Not sure 

o Probably not 

o Definitely not 

 

Q17. Do you think changes in the design of the garments has impacted the draping? 

 

o Definitely yes 

o Probably yes 

o Not sure 

o Probably not 

o Definitely not 

 

Q18. Do you think changes in the design of the garments has impacted the draping? 
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o Definitely yes 

o Probably yes 

o Not sure 

o Probably not 

o Definitely not 

 

Q19. Do you think changes in the design of the garments has impacted the draping? 

 

o Definitely yes 



94 
 

o Probably yes 

o Not sure 

o Probably not 

o Definitely not 

 

Q20. Do you think changes in the design of the garments has impacted the draping? 

 

o Definitely yes 

o Probably yes 

o Not sure 

o Probably not 

o Definitely not 

 

Q21. After seeing the visualizations and based on what you have learned about 3D 

virtual software in the past, to what extent do you agree with the following statements? 
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Strongly agree 

(1) 
Agree (2) 

Neither agree 
nor disagree (3) 

Disagree (4) 
Strongly 

disagree (5) 

I am willing to 
try the 

software. (1)  o  o  o  o  o  

It appears easy 
to learn. (2)  o  o  o  o  o  

Software is 
expensive to 

have access to 
and learn. (3)  

o  o  o  o  o  

3D visualization 
can give realistic 
appearance of 

fabric and 
garment 

appearance. (4)  

o  o  o  o  o  

It is very helpful 
to create a 3D 

garment before 
the actual 

prototyping 
process. (5)  

o  o  o  o  o  

 

Q22. Please respond to the following questions based on the images you have just 

reviewed and your current knowledge of 3D Virtual software technologies. 

 1(least) (1) 2 (2) 3 (3) 4 (4) 4(Most) (5) 

How interested 
are you be in 

using 3D 
technology for 
the design and 
development 
process for 

garments? (1)  

o  o  o  o  o  

How likely are 
you to use 3D 

apparel 
visualization 

tools as a 
substitute for 
prototyping of 
garments? (2)  

o  o  o  o  o  
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Q23. Please answer the following questions based on your 3D Virtual software experience. 

 1, Agree (1) 
2, Somewhat 

agree (2) 
3, Neither agree 
nor disagree (3) 

4.Somewhat 
disagree (4) 

5.Disagree (5) 

Virtual software 
takes more time 

than physical 
prototyping (1)  

o  o  o  o  o  

Virtual software 
can eliminate 

physical 
prototyping 
process (2)  

o  o  o  o  o  

Virtual software 
can eliminate 

textile waste by 
making less 

prototype's (3)  

o  o  o  o  o  

It requires 
trained 

workforce to 
work on 3D 

Virtual Software 
(4)  

o  o  o  o  o  

It is easy to 
bring and 

transfer data 
from one 3D 

virtual software 
to another (5)  

o  o  o  o  o  

3D virtual 
software is able 

to show the 
realistic texture 
of the fabric (6)  

o  o  o  o  o  

3D Virtual 
systems are 

able to simulate 
the details of 
the grament's 

(7)  

o  o  o  o  o  

 

Q24. Please add any comments and suggestions about the 3D visualization technology. 

________________________________________________________________ 
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Appendix B 
Email Recruitment 

Hello, 

My name is Shahida Afrin and I am a Master of Science Student at NC State Wilson College of 

Textiles. I am conducting research to evaluate different 3D visualization software and the 

impact of design details on the simulation. The results of this research will be presented in my 

final thesis paper. 

We know that you and or your company is exploring or actually using 3D Design technologies 

within your apparel product development, buying or merchandising units.  We are looking for 

participants within the textile and apparel industry who have a variety of job functions that 

relate to apparel product development.   The survey has a few images of 3D garments for 

review and can be taken online in less than 10 minutes.  No personal information will be 

gathered other than job function and experience.  The outcome of this study may help us better 

understand some of the variables that impact the potential use of the technology. 

Please share this survey with others in the industry who would be interested in evaluating 

images of 3D apparel simulation. If you would like to know the findings of this survey, send an 

email to the researcher (Safrin2@ncsu.edu) to be added to the list of people interested in the 

final thesis paper. 

Take the survey here: https://ncsu.qualtrics.com/jfe/form/SV_9Lky2fIlNYNuhlr 

Or Scan the QR code to take the survey! 

 

mailto:Safrin2@ncsu.edu
https://ncsu.qualtrics.com/jfe/form/SV_9Lky2fIlNYNuhlr
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Appendix C 
LinkedIn Post 

My name is Shahida Afrin and I am a Master of Science Student at NC State Wilson College of 

Textiles. I am conducting research to evaluate different 3D visualization software and the 

impact of design details on the simulation. The results of this research will be presented in my 

final thesis paper. 

If you and or your company is exploring 3D Design technologies within your apparel 

product development, or other units we would love to have you participate. We are looking for 

participants within the textile and apparel industry who have a variety of job functions that 

relate to apparel product development. The survey has a few images of 3D garments for review 

and can be taken online in less than 10 minutes. No personal information will be gathered other 

than job function and experience. The outcome of this study may help us better understand 

some of the variables that impact the potential use of the technology. 

Please share this survey with others in the industry who would be interested in 

evaluating images of 3D apparel fit. If you would like to know the findings of this survey, send 

an email to the researcher (Safrin2@ncsu.edu) to be added to the list of people interested in 

the final thesis paper. 

Take the survey here: https://lnkd.in/ecKbPZe 

 

http://(Safrin2@ncsu.edu/
https://lnkd.in/ecKbPZe

