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 ABSTRACT 

 
 RFID and 3D body scanning were identified as enabling technologies for 

consumer-centric mass customization in apparel retail. The objective of this research was 

to investigate consumer knowledge, interest and concerns towards the applications of 

RFID and 3D body scanning in apparel retail. Rogers’ (1995) five factors for innovation 

diffusion, relative advantage, simplicity, compatibility, observability, and trialability and 

Bauer’s (1960) perceived risk provided the theoretical framework for the study. 

Consumer responses were utilized for demographic and behavioral segmentation to 

identify target markets for retailers deploying RFID and 3D body scanning for specific 

applications and investigate the consumer acceptance and business deployment of these 

technologies in apparel retail. 

 Testing prior consumer knowledge of the technologies indicated low knowledge 

level among consumers. Respondents with prior knowledge of RFID and 3D body 

scanning had significantly higher acceptance and lower privacy concerns associated with 

the technologies than respondents without prior knowledge indicating the need to 

increase the overall knowledge levels through improved literature in popular media and 

marketing campaigns. Other pre-test results indicated that frequent shoppers had a 

negative opinion towards apparel shopping suggesting the need to improve the overall 

shopping experience. 

 While there were no significant differences between male and female responses, 

female respondents identified size prediction as the most advantageous application of 3D 

body scanning. Respondents with higher income ($80,000+) and aged 40 or under were 

significantly more willing to accept RFID and 3D body scanning than the others. Strong 



 acceptance of RFID and 3D body scanning use in a retail store was also observed for 

frequent shoppers and technology savvy respondents with significantly fewer concerns of 

price and privacy than other groups. Respondents indicated low willingness to pay a price 

premium to avail the benefits of RFID and suggested privacy and health concerns 

associated with RFID use while they were neutral about being scanned in undergarments. 

 A comparative analysis of the two technologies based on Rogers’ five factors 

indicated that 3D body scanning had significantly higher means for relative advantage, 

simplicity, compatibility and trialability while there was no difference in observability 

between the two. The results indicated that 3D body scanning had significantly greater 

diffusion potential among consumers than RFID based on Rogers’ factors, but both were 

evaluated favorably. A technology diffusion matrix was constructed based on prior 

literature and study results to indicate the current diffusion status of the two technologies 

based on consumer acceptance and business deployment. Recommendations were 

proposed to improve the overall knowledge of RFID through effective information 

dispersion to increase consumer acceptance by debunking myths regarding privacy and 

health concerns. The need to quantify the benefits of 3D body scanning in the apparel 

supply chain was identified as a method to increase the overall level of deployment 

among businesses. A possible apparel retail scenario was recommended based on the 

results of the study integrating the applications of RFID and 3D body scanning to 

facilitate the diffusion of both technologies in the apparel industry for mass 

customization. 
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CHAPTER 1 

INTRODUCTION 

 

The global apparel industry is extremely labor intensive with mass production 

as the primary manufacturing strategy and heavy reliance on outsourced labor.  The 

industry structure lacks vertical integration and successful firms focus on core 

competencies in manufacturing, distribution or retail. This lack of vertical integration 

creates a communication gap between different levels of the supply chain causing over 

or under stocking of garments, long turnaround times and an inability to match 

product to consumer demand for a wide array of design and fit options (Gereffi, 2001).  

In order to address these issues, the apparel industry is experimenting with new 

opportunities to adopt innovative technologies that improve efficiency, profits and 

meet consumer demands. Abernathy, Dunlop, Hammond and Weil (1999) emphasized 

the need for technology adoption for improved communication links across the supply 

chain. They described the concept of lean retailing as an emerging trend that forces 

manufacturers to build standard products on-demand using build-to-order techniques. 

Citing examples of Wal-Mart, Dillard’s and Federated Stores, they indicated a power 

shift in the apparel industry from manufacturers to retailers with a focus on low cost 

products and low inventory levels, reducing costs associated with inventory, 

obsolescence and distribution. Zara, an apparel firm based in Spain has utilized these 

innovative strategies to produce breakthrough results in the form of improved financial 

performance and satiated consumer needs (Dutta, 2003). The key enablers that led to 

its success were 1) vertical nature of the parent firm leading to proximity of their 

manufacturing and distribution operations near the corporate headquarters for quick 

response and shorter turnaround time, 2) market research applied to create differential 

apparel designs based on geographical and cultural preferences and 3) technology 
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adoption to communicate specific consumer demands at retail stores to the corporate 

headquarters (Dutta, 2003). In spite of Zara’s success, few firms have been able to 

emulate their business model due to the lack of vertical integration within their supply 

chain.  

With growing consumer demands and the inability to address consumer needs 

using standardized products, apparel firms have experimented with mass 

customization strategies. The name, considered an oxymoron, refers to the ability to 

provide the consumers with individually designed products at low costs and at mass 

production efficiency (Pine, 1993). Turowski (1999) suggested the need for enabling 

technologies in mass customization and concluded that the efficiency in information 

transfer using these technologies determined the success of a mass customization 

strategy. Radio Frequency Identification (RFID) was identified as an enabling 

technology for information transfer and improved product visibility across the supply 

chain, along with other benefits. Zipkin (2001) suggested the need for consumer 

involvement for increased satisfaction levels in mass customization. 3D body scanning 

was another enabling technology with potential to provide a wide array of customized 

size and fit options based on consumer preference, along with other benefits. 

 RFID and 3D body scanning technologies have several things in common and 

are especially interesting as they 1) substitute existing technologies to provide added 

benefits, 2) require consumer involvement to exploit all benefits for mass 

customization and 3) provide benefits at little or no price premium to consumers. 

RFID, an electronic identification technique, can be used as a substitute for barcodes. 

Unlike barcodes, it can scan multiple items at the same time without requiring a line of 

sight. The tag contains an antenna and data storage space that can be used to track the 

tagged garments throughout the supply chain, reducing delivery times and maintaining 

inventory levels. In retail, RFID tags can be used for garment tracking within a store, 
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faster point-of-sale (POS) checkout, customized promotions through RFID enabled 

loyalty cards and interactive trial rooms for an improved shopping experience (Bogart 

& Kay, 2005). 3D body scanning technology plots digital models of the human body 

to extract numerous body measurements for customized clothing. It has an advantage 

over human tailors as the technology is less invasive, quicker, and minimizes human 

errors. The body measurements generated by a scan have also been applied to improve 

sizing systems for ready-to-wear garments and help consumers select the best fitting 

garment available in a particular store (Loker & Ashdown, 2005). However, neither of 

these technologies have been widely deployed or adopted in the industry in spite of 

their wide range of benefits for mass customization, extensive media promotion and 

well-publicized industry pilot tests. Roger’s (1995) argued that most technological 

innovations required lengthy periods from the time of their availability to the time of 

wide adoption. The speed of adoption of the innovation depended on its diffusion 

through the social system, namely acceptance by businesses and consumers. Moore 

(1991) explained that any technology adoption process undergoes a life cycle with 

easily distinguishable, successive groups of adopters (Figure 1). Most technologies 

tend to go through a stage called the chasm, that is, a time gap in technology adoption 

between the early adopters and the early majority pragmatists.  According to Moore, 

many hi-tech innovations had failed in the chasm, a little after the volume of adoption 

started to rise at the end of the early adopter’s phase, if the early majority did not 

understand or recognize the benefits of the new technology. 
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Figure 1: Technology Adoption Life Cycle 1 (Moore, 1991) 

 

The adoption life cycle for both RFID and 3D body scanning in the apparel 

industry may currently be in the chasm. Businesses are conducting pilot tests to 

evaluate the benefits of these technologies for mass customization in the apparel 

industry without considering the consumer attitude towards these technologies. Due to 

lack of knowledge, consumers may not understand the wide array of benefits 

associated with RFID and 3D body scanning and may harbor misconceptions 

pertaining to increased price and privacy concerns. Consumer studies would help 

businesses to understand the consumer’s perception of the technologies, technology 

benefits and consumer’s current level of knowledge of the technologies to facilitate 

technology diffusion towards the mainstream market. 

This study investigated consumer awareness, knowledge level and interest in 

the deployment of RFID and 3D body scanning in an apparel retail store. Based on the 

results, strategies were recommended to maximize benefits and minimize perceived 

risks of the technologies to improve the overall diffusion of RFID and 3D body 

scanning among consumers. Demographic and behavioral segmentation of consumers 

                                                
1 Crossing the chasm (1991) by Geoffrey Moore. 
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based on their responses identified target markets for retailers deploying these 

technologies for mass customization. Recommendations for improving the consumer 

acceptance and business deployment of RFID and 3D body scanning were presented. 

A possible retail scenario integrating the benefits of RFID and 3D body scanning for a 

consumer-centric mass customized service in apparel retail was proposed.  
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CHAPTER 2 

LITERATURE REVIEW  

 

2.1 US Apparel Industry 

The US apparel industry has undergone a dramatic shift within the last two 

decades as firms moved away from vertical integration towards core competencies in 

order to eliminate high cost operations from their business models (Kilduff, 2000). 

The labor-intensive nature of the manufacturing and distribution processes led apparel 

firms towards offshore production in low wage countries in Asia and Latin America. 

The result has been the massive downsizing in the workforce employed by the US 

apparel industry, reduced from over one million in the 1980s to less 300,000 in 2005 

(Doeringer and Crean, 2006). Similarly, 50% of the apparel retailed in the US market 

was produced domestically in 1992 while only 12% in 1999 (Levaux, 2000).  

In spite of the shift in upstream manufacturing activities to low wage countries, 

most apparel firms have maintained in-house product design, sourcing and 

merchandising teams. These firms tend to retain high margin activities while 

outsourcing the low profit ones (DesMarteau & Speer, 2000). In-house design allows 

firms to maintain their brand image among consumers while sourcing and 

merchandising activities cater to the high profit retail sector. Lead-time, a period of 

time between the initiation of production to the time of delivery plays a crucial role in 

the apparel industry. The sourcing unit of any apparel firm forecasts for the next 

season and orders inventory based on lead-time. Seagrave (2002) indicated that the 

price and demand for a fashion garment and are predominantly time-dependent. A 

minor delay in the arrival of a fashion garment in a store greatly affects the overall 

margins associated with the garment. Seagrave (2002) explained that in current 

practice, a seasonal garment is sold at full price for less than two weeks, at break-even 
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price or 30-40% markdown for another two weeks following which the store incurs 

heavy losses and is forced to sell the garment to another channel for less than 10% its 

original value. Any large apparel firm relies heavily on its in-house sourcing team for 

accurate forecasting in order to maintain optimal inventory for maximum profits. High 

margins associated with the sale of a seasonal garment within the first two weeks have 

also prompted most apparel firms to rely on an in-house merchandising team and 

focus on apparel retail instead of manufacturing or other low margin activities. 

The US boasts of the world’s largest consumer base for the apparel industry 

singularly accounting for 34.9% of the global sales in 2005 (Datamonitor, 2006).  A 

strong economy with a growing population in excess of 300 million 

(www.census.gov), apparel retail sales are increasing at a steady rate every year, from 

$288.6 billion in 2005 to $295.3 billion in 2006. Womenswear generated the largest 

proportion of those revenues with a share of 58.3% of the total. Menswear accounted 

for 34.9% of the total revenues and childrenswear for the remaining 6.8% 

(Datamonitor, 2006). The US apparel industry has also witnessed an enormous rise in 

online retailing in the past few years. Online retail sales grew from $11.4 billion in 

2005 to $18.3 billion in 2006, at the rate of 61% (Barbaro, 2007). In spite of this rise, 

14 out of the 15 most frequented apparel websites online in 2000 belonged to multi-

channel apparel firms such as the Gap, Lands’ Ends and Abercrombie & Fitch, that is, 

firms that had both online and in-store retail options (Ladd, 2000). Ross (2000) 

reported that consumers were concerned about buying apparel online without prior try-

on and Yamada (2001) reported that consumers preferred to shop online for “brands 

they already knew.” Apple Computers’ CEO Steve Jobs aptly commented about the 

need for emotional touch in a store versus online retail, “When I bring something 

home to the kids, I want to get the smile. I don't want the UPS guy to get the smile" 

(Stross, 2007). These facts indicate the need for retailers to actively improve their in-
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store retail services in order to positively affect their overall multi-channel retail 

efforts.  

 

2.1.1 Technology Adoption For Mass Customization 

Pine (1993) suggested that the current mass production techniques utilized by 

manufacturers did not meet consumer demands due to long lead times and fewer 

options, while firms offering customized products often charged a higher price than 

consumers were willing to pay. He indicated the need to provide a customized array of 

products and services to consumers at mass production efficiency through a strategy 

called mass customization. Lampel and Mintzberg (1996) developed a customization 

continuum to describe the various strategies that a firm could adopt for the diffusion of 

mass customization.  

Even though labor costs in low wage countries have been a driving force for 

decision making in manufacturing and distribution, “the key to success is no longer 

solely price competition but the ability to introduce sophisticated information links, 

forecasting abilities and management systems” (Abernathy, Dunlop, Hammond & 

Weil, 1999, p.59). The advancement in information technology has led to a change in 

the overall strategy of apparel firms with improved information flow across the supply 

chain and control over production and retail (Kilduff, 2000). Turowski (1999) 

indicated the need for enabling technologies in mass customization and concluded that 

the efficiency in information transfer using these technologies determined the success 

of a mass customization strategy. 

Fralix (2006) described the use of the Internet to improve information flow 

between various operations and the need to digitize the manual operations involved in 

manufacturing, distribution and retail. Technology adoption for automating these 

manual operations would reduce human errors and improve overall efficiency required 
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for mass customization. Software tools for pattern making, warehousing, logistics and 

transportation, enterprise resource planning and point-of-sale are significantly 

advancing the information flow for businesses (www.apparelsearch.com). Fralix 

(2006) emphasized the role of 3D tools for pattern and design development that allow 

garments to be created in three dimensions and converted to two dimensions for 

traditional manufacturing methods. Although these computer-based technologies are 

enhancing the information transfer between the various levels of the supply chain and 

are enabling technologies for mass customization, consumers may not recognize direct 

advantage in the form of customized products for improved design and fit options or 

customer service for an enhanced shopping experience. 

Zipkin (2001) indicated that mass customization required consumer 

involvement leading to greater satisfaction levels over mass production techniques. 

Consumer involvement with new technologies can occur only at the retail level, which 

is a link between the apparel firms and their consumers and passes on benefits to the 

other levels of the supply chain. Two enabling technologies that enable consumer 

involvement for mass customization through diffusion in the apparel industry are 

Radio Frequency Identification (RFID), an electronic identification and tracking 

technology used for real-time information transfer with superior and broader benefits 

than barcodes and 3D body scanning, a technology that creates digital body models for 

automated measurement and visualization. 

Zhang and Tseng (2005) studied the role of RFID in mass customization in 

great detail and suggested the use of RFID based loyalty cards to study customer-

shopping preference and create an environment for product customization. Loker and 

Ashdown (2005) studied the role of 3D body scanning as a mass customization 

technology applied to the ready-to-wear market. They suggested that this technology 

can be used for creating better fitting mass produced garments for a greater number of 
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consumers through improved sizing systems, fit analyses and accurate pattern 

development. Increased consumer involvement through sizing and try-on options for a 

customized garment was also discussed.  

  

2.2 Radio Frequency Identification (RFID) 

RFID tags are semiconductor microchips used to store and transmit a unique 

serial number or extensive information about a product. An RFID tag is a redundant 

technology without the presence of an RF reader in the vicinity of the tag.  An RF 

reader operates at a defined frequency and protocol and has the capacity to read and 

write information to and from an RFID tag. There are two basic types of RFID tags: 

active tags and passive tags. 

 

2.2.1 Active tags 

These tags have their own power source in the form of a battery that allows 

storage of extensive information and transmission of information up to a distance of 

100 meters, thus being extremely useful for long-range applications. There are two 

kinds of active RFID tags: transponders and beacons (“Basics of RFID”, 2005).  

Transponders conserve their battery by remaining in a passive state, being 

awakened when in the presence of a reader. Applications such as the EZ Pass for 

automobiles on the interstate utilize the transponders. A car with an active transponder 

responds and transmits information only on receiving a signal from the reader at the 

checkpoint. On the other hand, beacons are utilized for tracking shipments or 

expensive cargo in real time and transmit their signals at pre-set time intervals 

depending on the frequency of information retrieval.  

Active tags can be configured as read only or read/write tags. Read only tags 

offer single or password protected tag encoding facility, thus allowing most users to 
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obtain information and denying any additional information storage on the pre-

configured tag. Read/write tags allow different users to update information on the tag. 

An active tag with battery costs about $5-$50 depending on its use (“Basics of RFID”, 

2005). 

 

2.2.2 Passive tags 

Passive tags do not have their own power source. They derive power from the 

RF reader and so cannot store extensive information. They have a short range of 

detection (10-30 feet). These tags contain a microchip attached to an antenna. The 

coils in the reader and the coils of the antenna generate electromagnetic fields that 

serve as the power source for the tag to transmit information to the reader (“Basics of 

RFID”, 2005). They can be attached to the pallet, case, carton or individual item by 

inserting into a plastic card, or simply sandwiching the tag between adhesive layers of 

paper, or hanging them through labels etc. Due to low technical specifications and 

ease of use, these tags are much cheaper than the active tags and purchased for 5-20 

cents per tag and used for low cost items (“Basics of RFID”, 2005). 

 

2.2.3 RFID readers 

RFID readers are essential for the efficient working of an RFID system. 

Readers can read or write data from and to RFID tags. They serve as the interactive 

tool between the mainframe computers and the RFID tags, transferring information for 

real time asset tracking. They are connected to the company PC or mainframe 

computer through interfacing ports that monitor information collected from the RFID 

tag (Zhang & Tseng, 2005).   

Since RFID systems can work on various frequencies such as low frequency 

(124 kHz, 125 kHz or 135 kHz), high frequency (13.6 MHz) or ultra-high frequency 

(860-960 MHZ) and use different encoding techniques for varied applications, it is 
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extremely important to develop industry standards for adoption across geographical 

regions and industries. The United States and Europe have historically had regional 

differences in adopting RFID standards. The US market tended to prefer the use of 

passive RFID tags that do not require an external power source and receive power 

through magnetic coupling with the reader. On the other hand, the European market 

preferred active tags as passive tags cannot generate enough power from readers due 

to the European Union maximum power limit of 0.5 W. The US market standard has 

been 902-928 MHz band for Ultra-High Frequency (UHF) RFID as opposed to 420-

460MHz in Europe where the 900MHz band has been allocated to GSM cellular 

networks (Purvis, 2001).  

ISO (International Organization for Standards) and EPC (Electronic Product 

Code) standards have been created for the purpose of introducing new standards for 

collaborative RFID ventures between the US and Europe. The ISO standards include 

ISO 15961:2004, application interface and ISO 15961-3, RFID data constructs 

amongst others (http://www.iso.org). The EPC standards include EPC Tag Data 

Standard, EPC Tag Data Translation standard, Reader Protocol (RP) Standard, Object 

Naming Service (ONS) Standard amongst others (http://www.epcglobalinc.org/ 

standards/). These standards are now being adopted by businesses around the world to 

prevent any geographical differences and enable the use of RFID across borders. 

 

2.2.4 RFID vs. Barcodes 

RFID tags allow real-time tracking facility and the RF reader can read an entire 

pallet or truckload of materials within seconds as compared to barcodes that allow 

information transfer only when they are individually scanned (Booth-Thomas, 2005). 

Moreover, it can transmit information buried under concrete or even underwater 

(Arner, 2003) without being in the line of sight. Multiple RFID tags can be read at the 
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same time and the information can be overwritten several times eliminating the chance 

of human error (Juban & Wyld, 2004). Barcodes can store simple information such as 

product SKU and size. RFID can be an effective replacement for barcodes as it can 

store extensive information like product manufacturing date, manufacturer, date of 

delivery, washing instructions amongst other things. Moreover, unlike barcodes, RFID 

can be utilized to transmit and write new data at every level of the supply chain 

(Friedman, 2003). These advantages of RFID over barcodes have lead firms towards 

RFID adoption. The world’s largest retailer Wal-Mart (RFID Journal, 2003) and the 

US Department of Defense served as change agents for carton-level RFID deployment 

and mandated all of their suppliers to be RFID compliant by January 2005. This 

implied that manufacturers and distributors from all around the world were required to 

switch from barcodes and incorporate RFID technology within the supply chain in 

order to retain their contracts.  

 

2.2.5 RFID and the Apparel Industry 

With most apparel manufacturing shifted to South East Asia and Central 

America and few vertically integrated players remaining in the industry, coordination 

between different levels of the supply chain has become extremely important. 

Specifically, problems such as lack of or excess inventory, long lead times and 

security threats often lead to dissatisfied consumers and losses for retailers and 

suppliers (Kilduff, 2000). Radio Frequency Identification will play a key role in the 

coming years in addressing these areas of concern for the industry (Bogart & Kay, 

2005).  RFID tags can be deployed within the apparel supply chain at two levels: 

• Batch/Pallet level RFID: The containers carrying manufactured products use 

RFID tags for identification. 

• Item level RFID: Each unit/SKU uses its own RFID tag for identification. 
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2.2.5.1 Case/Pallet level RFID 

With the cost of each RFID tag at 5-20 cents and an RF reader somewhere 

between $2000-$4000 (RFID Journal, 2003), firms like Wal-Mart with smaller 

margins on each product have resorted to Batch level passive RFID tags. RFID tags 

are attached to cartons, cases or even pallets, depending on the importance of real time 

information and level of security required for the product. It has been estimated that 

batch level RFID can reduce the cost of labor at distribution and retail by as much as 

20% (Laubacher, Kothari, Malone & Subirana, 2006).  Since the receiving and 

shipping verification of the products can be done accurately, it reduces the chances of 

human error and saves on the number of people employed to ensure that each carton 

has been labeled, shipped and received. RFID tags improve information transfer and 

product visibility within the supply network through real-time tracking. 

 

2.2.5.2 Item level RFID 

With item level RFID at the manufacturing stage, inventory information and 

lead times are available in real time for planning the production activities to maximize 

profits. This manufacturing information can also be shared with distributors and 

retailers in the supply chain to help them track the manufacturing status and plan their 

activities accordingly (Zhang & Tseng, 2005). 

Once RFID tagged products reach the warehouse for distribution, the orders 

from retailers are scheduled, processed and delivered with minimal error. Automatic 

retrieval systems can also be activated according to retailer needs. Since each garment 

has a unique Electronic Product Code, illegal practices at the distribution stage can be 

curbed as each item can be tracked individually.  Unauthorized sales at variable prices 

can also be monitored through item level RFID tags at warehouses or point-of-sale 

(POS). 
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A report on item level RFID deployment in the apparel supply chain by Kurt 

Salmon Associates (Bogart & Kay, 2005) identified the benefits of RFID at various 

levels of deployment in the supply chain. It predicted maximum functionality for item 

level RFID tags at the retail level. For example, managing the sales floor becomes 

extremely hard for stores with high density of products and low sales staff. Tracking 

garments within stores using RFID can save 90% time (Bogart & Kay, 2005). 

Tracking and replenishing orders from the warehouse in case of scarcity in the stores 

can be helpful in maintaining inventory in the store. Product quantity assessment at the 

store can take place using RFID readers through cartons without individually 

unpacking and counting every single garment, hence producing huge labor cost 

savings. Shoplifting is another common phenomenon at stores with high density of 

clothes. RFID tags and readers at checkout points can help prevent shoplifting losses 

and minimize inconvenience of manual check of consumer shopping bags at the time 

of store departure.  Finally, unlike bar codes where store employees must manually 

scan each bar code, RFID readers can automatically detect the passive tags and 

ascertain the quantity being bought. Customers can check out by themselves and the 

sales force needed in a store can be reduced. 

Another consumer benefit of RFID technology is its role in garment tracking 

within the apparel retail store to save time in searching for a specific garment and 

provide better customer service in the form of additional information about a specific 

garment. For example, Prada’s New York store tested RFID closets where customers 

viewed the course of development of the garment from sketches to finished product 

along with models wearing these clothes in fashion show presentations  (Ideo Prada 

Case Study, 2003).  Radio Frequency (RF) Customer Cards doubled up as contact-less 

credit cards were used to keep track of previous purchases and make the POS 

checkout process unmanned and fairly simple. Various pilot projects like Marks & 
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Spencer (Swedberg, 2006) and Metro Group (Wessel, 2006) were undertaken in order 

to study the implementation of item level RFID tags in retail stores with large-scale 

deployment at a commercial level being contemplated. 

 

2.3 3D Body Scanning 

3D body scanning technology utilizes optical techniques to obtain hundreds of 

thousands of data points to digitize the human body or any three-dimensional form and 

create a surface model of the same. A 3D scanning system usually consists of 1) the 

optical or radio devices to deflect waves of different frequencies off the three 

dimensional body, 2) sensors or capturing devices to sense the waves deflected off the 

three dimensional surface, 3) dedicated software and computer systems to interpret the 

data points acquired by the sensors and 4) a monitor to visualize the digital three 

dimensional surface model created by the scanning system (Hwang, 2001). 

Commercial 3D body scanning systems utilized in the apparel industry can be 

divided into categories based on scan time, scanner footprint, scanner dimensions, 

scan volume, data file size, scan resolution, scanner software, data file format, 

compatibility with other software and enabling technologies utilized for digital 

measurements and surface modeling. They are most commonly distinguished based on 

three different enabling technologies used for scanning which are: laser light scanning, 

white light scanning, millimeter wave holographic imaging system (Hwang, 2001). 

 

2.3.1 Laser Light Scanning 

Laser scanner units are mounted on three or four corners of the scanning 

apparatus and project laser light onto the three dimensional human body. Each scanner 

unit is comprised of the laser, optical systems for conversion and sensors to collect 

data points (D’Apuzzo, 2007). The sensors are attached to the movable laser light on 
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each of the scanner units. Special optical systems are used to convert single laser lights 

into laser stripes, which then transfer geometric data points to the sensors. As a 

precaution to the human body, only eye safe, non-invasive laser light is utilized for 

this application.  

An example of a firm currently developing laser-scanning systems in North 

America is Vitronic Machine Vision Ltd. based in Kentucky, U.S., a subsidiary of the 

German parent firm, Vitronic, based in Weisbaden, Germany. They have developed 

the Vitus Smart LC scanner for complete body scanning to generate digital human 

body measurements. The Vitus smart system operates on the principle of optical 

triangulation utilizing eye-safe laser light. It contains three sensor heads and uses 

230V/50Hz or 115V/60Hz power source. The scanner takes approximately 12 seconds 

to generate a point density of seven dots/cm3 using eight laser light cameras. The 

scanner dimensions are 2.1 m by 1.9 m by 2.82m. The scanning process requires the 

subject to change into tight fitting scan suits or wear only undergarments (“Complete 

Body Scanning”, 2006)  

Vitronic body scanners are operated in collaboration with their partner Human 

Solutions that has developed the data point collection, interpretation and visualization 

software for the body scanners. Anthroscan, a Human Solutions product is often 

utilized with the Vitus scanner for automated measurements. Anthroscan supports 

physical markers to denote anatomical landmarks for customized sizing options and 

comes with pre-defined body measurements to create quick measurement tables 

(“Human Solutions”, 2005). Other advantages observed during first-hand use of the 

scanner with the Body Scan Research Group at Cornell University were accurate and 

precise measurements, high resolution of scan, multiple visualization modes and 

insensitivity to external light.  
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High cost of the laser scanning system is often perceived as a disadvantage. 

The system requires a complete system calibration before use in order to align and 

determine the placement of each element of the system. Another disadvantage often 

overlooked is the time required for scanning. Involuntary muscle movements like 

breathing during the scanning process can generate errors in visualization and 

measurement (D’Apuzzo, 2007).  

 

2.3.2 White Light Scanning 

White light scanners work on a moiré-based light projecting system, called 

Phase Measuring Profilometry (PMP), developed by Textile & Clothing Technology 

Corporation [TC]2 , based in Cary, North Carolina. Unlike laser scanning where the 

entire laser light source moves, white light scanning utilizes a white light source to 

project stripes of light on the three dimensional surface, that is, the human body.  The 

irregularities on the surface of the three dimensional body distort the projected stripes 

of light, resulting in accurate surface contours using triangulation. The projected 

stripes are then detected by the sensor cameras connected to the computer system for 

decoding, interpretation and visualization to generate numerous data points for a three 

dimensional body model. Some argue that PMP offers an improved overall resolution 

over the standard moiré-data capturing methods (Paquette, 1996). 

The NX-16 3D body scanner developed by [TC]2 operates on the white light 

scanning technique. The scanner is four feet by four and a half feet wide with a total 

area of 20 sq. feet and utilizes non-moving white light projectors and sensors ([TC]2, 

2006). The process requires the subject to change into a scanner friendly suit designed 

specially to prevent the loss of data points due to color conflict between the scan suit 

and sensors. 
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The NX-16 3D body measurement software runs on a Windows XP based 

operating system. Numerous pre-installed size extraction templates can be used to 

extract body measurements for specific garment types. The software also allows the 

user to define need-based body measurements, for example, a pattern for a low waist 

pair of jeans would have a different waist measurement from a pattern for a pair of 

natural waist trousers. It offers a wide array of measurement possibilities to create a 

self-designed customized garment through manual manipulation of landmarks and 

point-to-point measurement. A pre-set measurement extraction tool can be used for 

batch processing a large number of scans for measurements required for a single 

garment type ([TC]2, 2006). Theoretically, the chances of error are greatly reduced in 

a white light scanner as compared to a laser light scanner as the data point acquisition 

is extremely fast and prevents any distortions due to involuntary movements of the 

human body (D’Apuzzo, 2007).  

In the use both laser light (Human Solutions) and white light scanners (TC2 

portable scanner) for research experiments at Cornell University, it has been observed 

that laser light scanners have extremely high resolution outputs that can be used for 

various applications such as custom fitted clothing, creating body profiles to better 

understand sizing and fit issues, designing sun hats for optimal shade amongst others. 

On the other hand, the white light scanner has been utilized primarily at retail 

scenarios due to portability and ease of operation for custom clothing, has lower 

resolution and limited digital visualization options. 

 

2.3.3 Millimeter Wave Holographic Scanning 

This scanning technique utilizes millimeter waves operating at a frequency 

band between 30 – 300 GHz. Millimeter waves have the ability to penetrate clothing 

without penetrating the human body, thus outlining the body. An imaging system 
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using a millimeter wave array transceiver combination is used to define cylindrical 

contours, which are then processed using an image processing software to compile the 

data points into 3D images of the human body. A mechanically rotated vertical linear 

array provides a full 360° view of the three dimensional human body and the data 

points collected are then converted to a body image using Backward Wave 

Restructuring (McMakin, Sheen, Schur, Harris & Piepel, 1997). 

Even though the outputs for laser light and white light scanners are considered 

far more accurate than millimeter wave holographic scanners (D’Apuzzo, 2007), the 

latter is being deployed in the retail setting to alleviate the consumer concerns with 

getting scanned in their undergarments (a requirement for both laser light and white 

light scanners). Intellifit is one such firm deploying millimeter wave holographic 

scanners in individual retail stores or malls. The Intellifit scanner is seven feet by eight 

feet and collects 200,000 data points in about 11 seconds. In additional to custom fit 

apparel, size prediction based on the body measurements are then used to suggest the 

best fitting garment available in a particular store based on the individual store’s sizing 

system (Powell, 2006). 

 

2.3.4 3D body scanning and the Apparel Industry 

3D body scanning can be utilized to generate numerous body measurements 

and visualizations of a large number of people that could be used in fit analysis and as 

a basis for the sizing systems (Ashdown, Loker, Adelson, Schoenfelder & Lyman-

Clarke, 2004). Similar analyses could be performed across different countries for 

people of different ethnicity, economic strata, age group and gender. The results from 

such anthropometric studies could be used to create specific sizing systems catering to 

the consumer base for a particular company. An alteration of the existing sizing 

system for individual firms can help them to improve fit for their target customers, 
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plan the batch size of a particular size to be ordered and reduce over or under stocking 

of different sizes for better inventory management. 

Fit and try-on issues have been a deterrent to online or catalog shopping in the 

apparel industry. Consumers are uncertain of the garment fit and drape on their body, 

leading them to prefer brick-and-mortar to online stores (Mastnak, 2003). Even at 

these stores, the time spent in trying on the various sizes offered by each brand makes 

the entire process of buying a good fitting garment extremely time consuming. 3D 

body scanning allows firms like Intellifit, to match the consumer’s body shape, 

measurements and fit preferences with its ready-to-wear garment database and predict 

the best fitting garments for individual customers at that store or online. 

The 3D body scanner has the ability to provide accurate and numerous non-

invasive measurements for custom made clothing. Front-end involvement of designers 

with customers for size, style and fabric options improve service levels and the feeling 

of involvement among the consumers (Mastnak, 2003). Since the advantages of a 3D 

body scanner can be realized only after the consumer measurements are obtained 

during the scanning process, retail is considered the ideal level of deployment for the 

body scanner.   

 

2.4 Consumer Research 

 The mass customization literature suggests the importance of consumer 

involvement through the adoption of technologies such as RFID and 3D body 

scanning. But the failure of any new product or innovation in the market also implies 

failure on the part of the businesses to understand the consumer needs and demands. 

The field of consumer research studies the attitudes and beliefs of consumers to 

predict their future behavior while incorporating situational factors such as 

consumption history and environment.  



 22

 Consumer research is conducted using two basic methods – secondary and 

primary research. Secondary research uses results from prior studies by the 

government, consulting firms or newspapers to derive new results. This type of 

research does not involve any consumer interaction and is purely inferential. Primary 

research involves direct interaction with consumers to answer specific questions. 

Several of the commonly used primary research methods are surveys, 

experimentation, observation, focus groups, in-depth interviews, projective techniques 

and physiological measures.  

 One challenge to consumer behavioral research is that it is not enough by itself 

to execute an efficient business decision, as consumer cannot be expected to know 

what they want (Joachimsthaler, 2007). Henry Ford, founder of the Ford Motor 

Company and the revolutionary Model T automobile once remarked, “If I had asked 

customers what they wanted, they would have told me they wanted a faster horse.” 

Joachimsthaler (2007) suggested the need for retailers to innovate in order to identify 

and create consumer advantage. He identified these innovations as “products and 

services, new business models, go-to-market models, marketing programs and service 

configurations” that created solutions for specific or overarching problems. In his 

classic article Marketing Myopia, Levitt (1960) identified the shortsighted approach 

adopted by firms or entire industries due to their inability to predict consumer needs. 

He asked firms to “think outside the box” and ask questions like “What business are 

we in?” suggesting the need to concentrate on improved services and not just products.  

 

2.4.1 RFID and the consumer 

 A CapGemini report by Verthman (2005) studying the perception of RFID 

among European consumers reported that only 18% of consumers had ever heard of 

RFID and only 52% of those had a favorable opinion of the technology. Printed 
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media, the Internet and television were identified as the three primary sources of 

information on RFID. Approximately 41% of consumers felt that RFID would lead to 

an increase in overall cost of goods, while only 11% of consumers believed that it 

would lower costs. Security to prevent car theft, shoplifting and counterfeiting was 

identified by consumers as the most important benefit of RFID. Faster checkout, 

consumer savings, improved access to product information and in-store product 

suggestions were identified as the other important benefits of RFID technology. 

Consumer tracking through purchase records, use of shopping data by third parties and 

health issues were perceived by consumers as the most important consumer concerns 

of this technology. The study recommended that it was vital for businesses to improve 

the level of education among consumers to address their concerns and shatter myths 

about RFID that prevent adoption. Since RFID has potential to provide major supply 

chain savings, these savings could be passed on to the consumers to create a reduction 

in overall costs. The challenge is to educate the consumer regarding this cost reduction 

to increase RFID adoption. 

 Roberti (2005) and Collins (2005) reported that BIGResearch, a Columbus, 

Ohio based market intelligence firm conducted a series of RFID consumer surveys 

targeting the adult US population in 2004-05 and concluded that female consumers 

had greater RFID awareness than male consumers. Consumers having knowledge of 

RFID had fewer concerns about RFID than respondents unaware of the technology 

while 65% of the respondents had overall privacy and health concerns with the 

deployment of RFID.  

 The need to conduct consumer research has grown among businesses with the 

burgeoning of RFID consumer privacy groups across the country like Electronic 

Frontier Foundation and Privacy Rights Clearinghouse. CASPIAN (Consumers 

Against Supermarket Privacy Invasion and Numbering), an active consumer advocacy 
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group dedicated to fighting RFID enabled loyalty cards, refers to RFID tags as 

‘spychips’ and claims that RFID technology “will compromise privacy, security and 

freedom” (www.spychips.com). Benetton was one of the first prominent apparel 

retailers to be boycotted by CASPIAN in 2003 following its announcement to attach 

RFID tags in their Sisley line of women’s clothing. A consumer outcry led by the 

CASPIAN founder Katherine Albrecht forced Benetton to abort the plan and disavow 

its intent of RFID deployment. Similarly, an April 2006 press release by CASPIAN 

claimed that Levi’s was secretly testing RFID tags at an undisclosed location in the 

US (“Spychipped Levi’s”, 2006). Members believed in the myth that clothing is 

intimately connected to a consumer and applying ‘spychips’ would allow retailers to 

track their consumers.  

 Prior consumer RFID studies such as the ones conducted by CapGemini and 

BIGResearch have focused on the consumer awareness of RFID and the benefits and 

concerns related to its deployment within the supply chain.  Since RFID adoption in 

apparel retail is a fairly recent development, there have been no prior studies focusing 

on the consumer needs and concerns associated with RFID adoption among apparel 

retailers. Members of the American Apparel and Footwear Association (AAFA), 

Voluntary Industry Commerce Subcommittee (VICS) as well as several RFID 

consultants and retailers expressed the need for focused academic studies to better 

understand consumer opinion of RFID deployment in apparel retail and encouraged 

this study. 

 

2.4.2 3D Body Scanning and the Consumer 

 Knight (1994) suggested that consumers demonstrated a great willingness to be 

scanned after reading a description of the technology and were willing to pay up to ten 

dollars to avail the benefits of the technology. Fiore, Lee, Kunz & Campbell (2001) 



 25

studied the consumer opinion of mass customization concepts and 3D body scanning. 

They found that female respondents with a mean age of 21 years in response to a 

written description of the scanning responses were willing to spend six to ten minutes 

for the body scanning process in presence of trained body scanning professionals. 

These respondents were comfortable being scanned in street clothes or scanning 

undergarments and were willing to have their information stored in scanning databases 

for potential companies to create custom garments for them in the future.  

 Loker, Cowie, Ashdown and Lewis (2004) scanned and surveyed a sample of 

203 female participants between the ages 35-55 years in either a laboratory and retail 

setting to better understand their responses to the scanning experience rather than to 

written scan descriptions used in prior studies. Results showed that after being 

scanned, 88% of the participants were comfortable with the scanning process, 58% 

were comfortable viewing a moving file of their scan while 49% were comfortable 

showing their scan to family and friends. Interestingly, 91% participants were willing 

to pay over $10 for scanning, while 65% were willing to pay over $25 for the process. 

It was observed that single participants were more comfortable with the overall 

scanning process than married participants. The study also indicated that most 

participants were comfortable getting scanned in a laboratory setting, while less than 

half were comfortable being scanned in a scan booth within a mall or retail store. In 

the same study, they asked participants about interest in commercial applications of 

3D body scanning. The majority of participants showed interest in the commercial 

applications of 3D body scanning such as virtual try-on, size prediction and 

personalized shopping through recommendations based on purchase history. 

 Even though prior descriptive and experimental studies have been conducted to 

better understand consumer reaction to 3D body scanning since 1994, adoption of 3D 

body scanning in apparel retail still remains low. The few firms that deployed body 



 26

scanners in their retail outlets seemed to sporadically use the technology for its 

designed benefits or as marketing tools to attract consumers to their retail stores. A 

recent visit to a leading apparel store in Manhattan, NY using a 3D body scanner for 

size prediction illustrated this deployment. The body scanner was pushed to the back 

of the store and deemed out of order when asked about it, thus the consumers were not 

introduced or offered the benefits associated with scanning. This underlines the need 

to study consumer knowledge, interest and concerns associated with 3D body 

scanning in order to recommend deployment strategies to retailers for diffusion in 

apparel retail. 

 

2.5 Theoretical Framework 

 Rogers’ Theory of Innovation Diffusion provides the basic foundation for this 

study on the diffusion of RFID and 3D body scanning in apparel retail for mass 

customization. Rogers (1995 p.11) defined an innovation as “an idea, practice or 

project that is perceived as new by an individual or other unit of adoption.” He 

suggested that innovation diffusion was a factor of 1) consumer acceptance and 2) 

business deployment. He suggested five stages for a consumer in the innovation-

decision process that lead to the diffusion of innovation. This decision process 

involved the continuous evaluation of the innovation through information exchange to 

reduce the ambiguity in the minds of the consumers regarding the innovation’s 

advantages and disadvantages. Rogers defined five stages for consumer innovation 

diffusion or the chronological links of the communication channels: knowledge, 

persuasion, decision, implementation and confirmation.  
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2.5.1 Innovation-Decision Process  

 The first stage or the knowledge stage in the innovation-decision process 

involves information gathering about an innovation. Consumers learn of the existence 

of the technology, how it works and its theoretical advantages and disadvantages. 

Based on the knowledge developed in the first stage, the consumer forms positive or 

negative impressions towards the technology in the next stage called persuasion. 

Rogers (1995) stated that while the knowledge stage is “cognitive-centered,” the 

persuasion stage is more “feeling-centered.” After consumers form an attitude towards 

the innovation, they move on to the decision stage. Consumers decide to adopt or 

reject the innovation based on prior knowledge and attitude towards it. Innovations 

that provide partial trials are adopted more quickly as consumers are given the 

opportunity to try the innovation before making the adoption decision.  The innovation 

is deployed in the next stage called the implementation stage and undergoes 

modifications to suit the consumer needs. Rogers (1995, p.174) explained these 

modifications as “the degree to which an innovation is changed or modified by a user 

in the process of its adoption and implementation.” High technology products undergo 

constant reinvention to propagate consumer adoption. The final stage in the 

innovation-decision process is the confirmation stage. Similar to the decision stage, 

consumers look for reassurance to support their earlier decision. Rogers (1995, p. 181) 

claimed that the decision could be reversed if the consumer was “exposed to 

conflicting messages about the innovation.” Later adoption of an innovation or 

discontinuance of use depends on the consumer attitude towards the innovative 

technology at the confirmation stage.  

 

2.5.2 Factors for Innovation Diffusion  

 Rogers (1995) identified five attributes of innovative technologies that 

influenced their rate of adoption or diffusion within a social system. During the 
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persuasion stage, consumers looked for these five attributes of the innovative 

technologies in order to make their decision regarding adoption or rejection. These 

attributes are relative advantage, compatibility, simplicity, trialability and 

observability.  

 According to Rogers, an innovative technology that has a measurable or 

relative advantage over an incumbent technology tends to be adopted faster than 

others. RFID offers advantages such as garment tracking, faster POS checkout, 

customized shopping through loyalty cards and interactive trial rooms compared to 

traditional barcodes in apparel retail.  Similarly, 3D body scanning offers a strategy for 

fast and accurate body measurement for custom clothing, size prediction or virtual try-

on compared to manual measurements.  

 Innovative technologies diffuse faster when they are compatible with the 

consumer’s needs and currently existing shopping experience. A newly introduced 

technology that completely alters a consumer’s shopping behavior might not be 

readily accepted. Compatibility in RFID and 3D body scanning applications might 

improve customer service and enhance the current shopping experience. RFID enables 

a simpler and more efficient POS checkout, without compromising the shopping 

experience, as it does not require a cashier or line of sight. Similarly, the comfort of 

being scanned at a store in 12 seconds for size prediction to find good fitting ready-to-

wear clothing might enhance the shopping process.  

 Rogers’ theory predicted that simpler innovations were adopted faster. An 

innovative technology that can be explained in one sentence and easily understood 

was likely to be adopted more quickly than complex ones. In simplest terms, RFID 

replaces the function of bar codes allowing faster POS checkout as multiple items can 

be scanned at the same time and more regular replenishment of garments in the store 

shelves. Similarly 3D body scanning serves as a high-tech measuring tape helping to 
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save time, reduce embarrassment and make better fitting garments. Even though both 

these technologies have more complex benefits as well, Rogers (1995) predicted that 

simple explanations increased adoption rate.  

  Innovative technologies that can be trialed without a huge investment in 

training or infrastructure tend to be adopted faster than those more expensive or 

logistically difficult. Just as businesses adopt technologies that require low capital, 

consumer willingness to try a technology also depends on the additional cost borne by 

them. Free or low cost technology trials may provide a better response than ones that 

require consumers to pay a premium. Efficient production techniques have lowered 

the cost of RFID tags and reduced the burden of a price premium on consumers. 

Similarly, firms like Intellifit (www.intellifit.com) deployed 3D body scanners at 

stores or malls for size prediction and offered the service free to consumers. Scanner 

costs were paid by retail members who counted on increasing consumer purchases 

with size selection information.  

 Finally, Rogers argued that an innovative technology providing greater visible 

use over latent ones tends to be adopted faster. Visibly demonstrating RFID and 

scanners to consumers may be critical to creating consumer interest and demand that 

speeds diffusion of innovation. 3D body scanners are distinctly visible and tend to 

attract consumers towards trials. On the other hand, the benefits of RFID are 

somewhat hidden. For example, in order to increase the visibility of RFID, Prada 

installed large RFID closets in their SoHo store in New York instead of small 

scanners. These closets read the information from the RFID tags attached to the 

garment and used screens to display materials, garment construction, information as 

well as garments on runway models (Ideo Prada Case Study, 2003). 

 Rogers (1995) listed the five attributes of an innovation that affect technology 

adoption during the persuasion stage of the innovation-decision process, but perceived 
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risks associated with the innovation were not addressed. Bauer (1960) argued that 

risks associated with a technology had an impact on the consumer decision-making 

process. According to Bauer (1960, p. 390), “Consumer behavior involves risks in a 

sense that any action of a consumer will produce consequences which he cannot 

anticipate with anything approximating certainty, and some of which are at least likely 

to be unpleasant.” Perceived risks such as time, effort and price (Bauer, 1960) may 

prevent consumers from trying RFID and 3D body scanning. In addition to these risks, 

consumer led organizations identified the risks of new technologies and rallied against 

their mass adoption. Consumer tracking through RFID tags attached to clothing has 

been identified as one of the biggest risks of RFID technology (www.spychips.org). 

Similarly, consumers may be unwilling to step into body scanners because the firms 

would have a permanent record of their scans with the potential to invade personal 

privacy. Most new technologies face consumer related roadblocks in their nascent 

stages while the ones that can successfully convince the consumer that its benefits 

outweigh risks are more likely to succeed. Several apparel retailers are conducting 

industry pilots to further evaluate the applications and issues related to RFID and 3D 

body scanning in apparel retail. In-depth analyses of these industry pilots are presented 

in Chapter 3. 

 

2.6 Research Question 

 Based on the literature review, the need to conduct a comprehensive consumer 

study about the deployment of RFID and 3D body scanning in an apparel retail 

scenario was identified. The questions driving this research are:  

What is the role of consumers in the adoption of innovative technology in the apparel 

industry?  

Is the process of diffusion distinctive among consumers for different technologies? 



 31

CHAPTER 3 

CASE STUDIES 

 

3.1 Introduction 

Since the adoption of RFID and 3D body scanning technologies at a 

commercial level is a recent phenomenon, in depth cases of four apparel retail firms’ 

current practices were conducted. These cases provided a foundation for studying the 

applications and techniques of deploying RFID and 3D body scanning including the 

benefits of these technologies currently being exploited by retailers. Industry databases 

such as Lexis Nexis, Business Source Primer and business periodicals such as RFID 

Journal and Apparel magazine were used to collect secondary data for developing the 

cases.  

 

3.2 Marks & Spencer RFID Case Study 

Marks & Spencer, founded in 1894, made its reputation in the 20th century as 

the all-British store, selling only British-made goods under the St.Michael’s brand. 

The firm developed long-term partnerships with British manufacturers and built a 

reputation for offering fair value one’s money. Their consumer-centric policies of 

return were particularly favorable amongst consumers, as Marks & Spencer offered a 

full cash refund on unwanted garments any time a consumer would present the 

purchase receipt. They continued their consumer oriented return policies even in the 

late 20th century offering a 90-day return period while other brands were offering a 30-

day return period (Briggs, 1984). 

A pursuit of profit through lower costs of manufacturing led Marks & Spencer 

to offshore manufacturers in South East Asia in the early 1990s. This strategy along 

with the acquisition of American retailer Brooks Brothers resulted in the firm’s profits 
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peaking in 1997 and 1998. However, Marks & Spencer’s profits in continental Europe 

declined sharply in 2000. The problems noted at the store level dealt with inaccurate 

stock replenishment. The stock levels at a store were often inaccurate due to 

shrinkage, inability to sell stock on mannequins and incorrect counting of stock at the 

time of receiving (“Marks & Spencer”, 2006). The Marks & Spencer group announced 

a recovery plan for their clothing division with a focus on regaining consumer 

confidence in Marks & Spencer clothing. Technology adoption for improved customer 

service focused on inventory management formed an integral part in this recovery as 

they announced their first Radio-Frequency Identification (RFID) trial in 2003.  

 

3.2.1 Technology Used 

RFID technology was deployed in the garment supply chain to improve 

garment tracking for stock control, inventory management and product availability for 

customers. Marks & Spencer conducted its first item level RFID technology trial on a 

selection of men's suits, shirts and ties at its High Wycombe store in UK from 13 

October 2003 to 7 November 2003 (“RFID Update”, March 2004). This was partially 

funded by UK’s Department of Trade and Industry as part of the New Wave 

Technology program. The trial was conducted with a two-fold objective – to test the 

technology and test the level of consumer acceptability  

Two types of readers were utilized in this trial: fixed and mobile readers. The 

fixed reader/portal at distribution centers and loading bay area of the store allowed 

rails of packaged garments to be read with speed and could read only 95-98% of the 

items passed through it. A mobile reader that consisted of a PC and a reader mounted 

on a cart was used to scan the garments on the shop floor. The mobile reader, 

manufactured by Manchester, UK based Intellident, was evaluated as being more 

versatile and accurate than the fixed portal as it had a 100% read rate. Design 
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modifications were suggested to reduce the power consumption and battery size of the 

mobile reader and its function changed from a data processor to data transmitter, while 

the fixed portals were removed from further trials. 

The RFID tags embedded within 5-inch long paper labels called Intelligent 

Labels were developed by Paxar, a White Plains, NY based retail technology firm and 

operated at 868 MHz frequency. These labels also contained a barcode along with the 

embedded RFID tags that were used for POS checkout. 

 

3.2.2 Business Advantages 

Marks & Spencer chose to tag three types of menswear because they 

represented three different ways that clothing items were delivered from the 

company’s distribution centers to its stores. The suits were shipped on hangers, the 

shirts were shipped flat in reusable totes, and the ties arrived at the distribution centers 

in boxes and then transferred to hangers before shipment to stores. 7,000 out of the 

10,000 labeled suits, shirts and ties were sold during this period (“Marks & Spencer”, 

2006), thus preventing any under stocking and indicating the availability of these 

garments to the consumers. The RFID tag within the label was used for stock control 

and inventory management applications, while the barcode was still used for consumer 

checkout purposes to minimize privacy issues. The information collected from RFID 

tags indicated the exact inventory levels of garments in each store connected with the 

distribution center every day. Inventory data was sent to the central computer database 

in order to estimate the day-to-day inventory requirement for a particular store to 

prevent stock outs. The RFID trial showed that the inventory levels obtained from the 

real time RFID system were more accurate than the daily data collected from the POS 

terminals (“Marks & Spencer”, 2006). 
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3.2.3 Consumer Perspective 

Leaflets were placed in the store explaining that the RFID tags were used only 

for stock control in order to minimize consumer privacy issues. It was also mentioned 

that the labels did not contain a battery and could be thrown away after purchase. 

Leaflets indicated that the tag would not be utilized to make any link between the 

garment information held and the customer details as it would not be used during 

checkout and the customers were not required to retain the label in order to return or 

exchange the garment. Fifty consumers were interviewed in the menswear department 

of the store during this trial and were not informed that the technology was being used 

in the store at that time. The issue of improved stock control was seen as an internal 

matter for Marks & Spencer with consumers having little interest in it, while the 

external appearance of the RFID label was perceived as a security measure (“RFID 

Update”, March 2004).  

Based on the success of the first trial, Marks & Spencer decided to expand 

business level deployment of RFID to nine more stores within one year. By Spring 

2006, the RFID trials were expanded to 44 more stores and a larger number of items 

including men’s and women’s suits, trousers, bras and other merchandise sold in 

complicated sizes. The firm planned to expand the RFID deployment to a total of 120 

stores by Spring 2007 (Swedberg, 2006). 

 

3.2.4 Significant Findings from the Case 

Marks & Spencer repeatedly addressed the consumer privacy concern by 

incorporating the line ‘Intelligent label for stock control’ on every RFID enabled label. 

Secondly, the information stored on RFID tags was not scanned at checkout (still done 

using barcodes) alleviating consumer concerns that the product details were linked to 

the purchaser. Leaflets explaining the labels were distributed at every store and the 
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label could be removed after purchase alleviating consumer feeling that they were 

‘tagged’. As consumers were unaware of the use of RFID technology within the store, 

Marks & Spencer provided pertinent information regarding the use of RFID 

‘intelligent labels’ to prevent any future privacy concerns among consumers.  

With various retailers adopting RFID for different applications, Marks & 

Spencer positioned itself as a retailer using RFID for stock control and inventory 

management. Garment stock outs or incorrect shelving tend to deter consumers from 

shopping at a particular store. The issue of garment unavailability in a store due to 

stock outs or incorrect shelving was tackled by Marks & Spencer by using RFID 

enabled intelligent labels within their stores to provide all sizes and styles of garments 

at all times.  

The case was directly utilized to develop the survey instrument’s scenario on 

item replenishment and tracking within a store. Consumer related information 

obtained from intercept surveys conducted by Marks & Spencer was used to develop 

questions on the privacy concerns of RFID and the need for retailer disclosure on 

RFID use within a store.  

 

3.3 Prada RFID Case Study 

 Prada was founded in 1913 by Mario Prada as an exclusive leather bags and 

accessories firm. The firm was taken over by Mario Prada’s granddaughter Miuccia 

Prada in 1978 after running into financial trouble in the mid-1970s. Miuccia turned 

around the firm with the success of her classic black nylon bags that were extremely 

popular in the 1980s, followed by a prêt-a-porter collection in 1989. Prada dominated 

the high-end ready-to-wear market with its sophisticated garments and leather 

accessories and later introduced the Miu Miu line in 1992, an affordable fashion line 

targeted towards the younger consumers. Prada opened boutiques in cities across the 



 36

world and was a leading force in fashion (The History of Prada, 1997). The urge to 

improve its brand image and provide state of the art customer service pushed Prada to 

create a RFID enabled epicenter store in SoHo in New York City (“Prada 

Personalizing”, 2002). 

 

3.3.1 Technology Used 

Texas Instruments supplied the passive RFID tags deployed by the store to 

improve the overall customer experience. IconoNicolson, a New York subsidiary of 

IconoMedialab, was hired for software development for the Prada product display 

screens, while a British company KTP (now a part of Trenstar) handled the RFID 

technology integration (“Prada Personalizing”, 2002)). The handheld scanners used by 

sales associates were designed, engineered and manufactured by IDEO in 

collaboration with Amo and Kramdesign. All RFID staff devices were introduced in 

the New York store in May 2002, five months after the official store opening (“Ideo 

Prada Case Study”, 2003). 

 

3.3.2 Business Advantages 

Bruce Eckfeldt, Icon’s engagement manager on the project described the 

epicenter store as a cross between a concept store and a laboratory. He said, "Prada 

wanted to test some concepts in the real world. They will see what works and then 

deploy it in other stores, as is or in some modified way. It gives them the opportunity 

to learn based on feedback and to build a better and more successful retailing 

environment in the future" (“Learning from Prada”, 2002, p.2). 

 The primary motive behind the deployment of RFID technology in the store 

was to provide the Prada customers with improved customer service to compete with 

the personalized service provided by small upscale boutiques. The store provided their 

customers with a loyalty card called ‘customer card’ that contained a RFID chip. The 
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customer was identified and his/her shopping preferences were immediately listed for 

the sales associate on their handheld scanner as soon as the card was scanned. In case 

the customer had a favorite sales associate at a store, that associate was immediately 

alerted about the customer’s arrival for speedy service. The prior shopping record 

helped the sales associate to show the customer clothing or accessory lines that were 

similar to the customer’s preferences.  

 Since every item in the store was tagged for real-time inventory management, 

the sales associate knew exactly which sizes and colors were available at the store at 

any time, the exact delivery time of that item from a warehouse (if not available) or 

location of another store where that item was available. They could then provide the 

customer with accurate product availability details to make their shopping decision.  

 Another innovation designed by IDEO for Prada was the ‘Smart RFID closet’. 

Prada experimented with the idea of merging the online and brick-and-mortar retail 

channels by providing the customers with an option to view their store preferences 

later at home, or select garments online before shopping at the store. Any garment 

brought into the fitting room and placed in the Smart RFID closet was added to the 

personal database within the customer’s ‘digital closet’ available online. Having 

scanned the individual RFID tag attached to each garment, the RFID closet allowed 

the customer to view the garment in different colors, offered wardrobe advice with 

that particular garment, gave garment fabric information and allowed the customer to 

view the garment worn on the Prada catwalk as video clips. The fitting room was also 

equipped with a video-based ‘magic mirror’ where customers could view an image of 

their back and other angles (“Ideo Prada Case Study”, 2003). 
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3.3.3 Consumer Perspective 

Prada pulled RFID from the store in mid-2003 due to consumer privacy 

concerns. Terry Retter, a technology forecaster at PricewaterhouseCoopers, suggested 

that the female customers objected to the large amount of personal size data being 

collected through RFID loyalty cards and RFID closets (“Prada pulls RFID”, 2003, 

p.1). She said, "They didn't mind Prada keeping track of what they bought and when, 

but they did mind the store knowing what size they wore." The customers were 

uncomfortable with the amount of individual consumer garment size data being 

collected, as most information collected was openly displayed to the sales staff as part 

of the RFID initiative through handheld scanners.  

 

3.3.4 Significant Findings from the Case 

Prada, a premium apparel and accessories retailer, boasts of a distinctive price-

insensitive customer base. These consumers visit a Prada store not only for the 

trendiest and fashionable items, but also for the pleasant shopping experience provided 

by Prada. The technologically advanced epicenter store in SoHo was built to provide 

the customers with an unparalleled shopping experience. However, Prada soon 

realized that these price insensitive customers were extremely sensitive towards 

personal shopping information such as garment size being shared with the store 

employees through RFID tags. 

With RFID deployment in their epicenter store in Soho, NY, Prada positioned 

itself as a firm deploying RFID with the intention of improving customer service. 

They believed RFID technology would save overall labor hours in finding a particular 

garment within a store and allow the sales associate to spend more time with the 

consumer. The RFID closet was designed to provide the consumer with wardrobe 

consultation and generally increase their awareness about the garments they were 

trying-on. The loyalty card allowed the sales associate to understand every shopper’s 
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unique buying behavior and to provide them with customized promotions and in store 

service. Information about RFID deployment in an apparel retailer store obtained from 

the case was utilized to develop RFID scenarios on smart cards for customized 

promotions, faster POS checkout and interactive trials rooms using RFID closets and 

‘magic mirrors’.  

Customer privacy concerns in the Prada store led to the dropping of RFID 

technology in the store within a year of deployment.  The Prada case was utilized to 

develop a question on possible privacy concerns with the use of RFID enabled loyalty 

cards for gathering consumer shopping information. The initiation of several privacy 

related non-profit organizations to represent consumer interests such as CASPIAN 

(Consumers Against Supermarket Privacy Invasion And Numbering, 

www.spychips.com) have led the retailers to include consumer related issues in their 

pre-deployment analysis of RFID technology. These issues were also considered 

during the development of the survey with a question on the need for retailer 

disclosure of RFID use within a store. 

 

3.4 Bodymetrics 3D Body Scanning Case Study 

Bodymetrics was started by Andrew Crawford (now CEO) and Suran 

Goonatilake (now President) in 1999 to provide made-to-measure designer jeans and 

women’s suits using 3D body scanning technology and operated through large retail 

stores like Selfridges and Harrods in London and Le Bon Marche in Paris. In the 

women’s jeans category, they manufactured under three labels, Bodymetrics Bespoke, 

Serfontaine and Tristan Webber, while men’s jeans were manufactured under the 

Bespoke label. They also manufactured custom-made Nick Tentis and Vivianne 

Westwood suits at their Harrods location in London (www.bodymetrics.com). 
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3.4.1 Technology Used 

The Bodymetrics 3D body scanner, referred to as the pod used a [TC]2 NX-12 

3D body scanner. The scanner was equipped with cameras that cast white light over 

the body during the scanning process. As the customer stepped into the pod, he/she 

was asked to remove his/her clothes down to white or nude colored underwear. They 

were required to remove all accessories and jewelry, and even body tattoos were 

temporarily covered. The reflection of the light beam was then used to create a body 

scan and acquire over 200 body measurements in about 5 seconds. The NX-12 

software could take extract measurements from the scan, allowed batch processing and 

exported the measurements into multiple CAD systems for pattern making. The 

scanning system was installed, serviced and integrated within the Bodymetrics system 

by [TC]2 partner in UK sales, Shape Analysis Ltd. The scanner was remotely accessed 

by experts in the Bodymetrics head office to prevent and fix any problems associated 

with the scanner in the store (“[TC]  Body Scanning”, 2005) 

Electronic patterns were created based on the customer’s measurements and 

style preferences and emailed to the manufacturing factory based in Sri Lanka. The 

customer data was stored in a secure CRM based system that includes the 

measurements, scan, payment details, and order tracking. The jeans were checked for 

pattern accuracy when delivered to the UK and the client subsequently contacted for 

final fitting and pickup (Crawford, 2005). 

 

3.4.2 Business Advantages 

The Bodymetrics business model was beneficial to all levels of the supply 

chain. A pair of Bodymetrics jeans cost approximately $500 for a well-fitted, stylized 

pair of jeans, a cost comparable to other designer jeans (Kay, 2005). Bodymetrics 

estimated over 90% first fit success rate and the customers had the option to re-order 

over the phone at any time, assuming their body measurements remained the same. 
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The technology was also beneficial for the retailers as it reduced the cost of 

carrying inventory, over stocking or stockouts. It also served as a great marketing tool 

with its visible presence in a store and allowed consumers to experience a new 

technology for future store visits. The manufacturers benefited from the high price 

premium that offset the low production volumes.  

 

3.4.3 Consumer Perspective 

Having been scanned, customers were given an option to virtually try-on a 

range of ready-to-wear designer brand jeans and to purchase custom made jeans using 

the 200 measurements obtained from the scanning. The virtual dressing room allowed 

customers to view the look of a pair of jeans on their own body scan as the software 

even applied fabric drape characteristics on the virtual representation. A personal 

Bodymetrics account was created for each customer for jeans selection and ordering 

with an option of saving a number of designer jeans in their electronic wardrobe for 

future reference. The system used Bodymetrics proprietary ‘3D Exact Fit 

Technology,’ which is a real time, photo realistic garment simulation system running 

on a dedicated high-speed graphics platform (Crawford, 2005). 

Even though customers had the option of selecting one of the ready-to-wear 

designer jeans using the scans, Bodymetrics specialized in manufacturing custom 

made jeans based on the customer’s measurements. The customer could choose the 

exact style, design and fit of jeans at the store in consultation with a Bodymetrics 

wardrobe consultant. The several style choices available in the Bodymetrics Bespoke 

line were fit (skinny or super skinny), rise (low, mid or high rise), leg shape (bootleg, 

straight or drainpipe), wash (rinse, enzyme, stone or blast wash), denim (optional lycra 

content) and other personalization including embellishments and customer initials on 

the watch pocket. The Serfontaine line offered three different styles, Avatar (bootleg, 
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skinny fit, midrise), Cruiser (straight leg, skinny or super skinny fit, low rise) and Low 

pro (bootleg, skinny fit, low rise). Different levels of personalization similar to the 

Bespoke line could be added on the Serfontaine line too (www.bodymetrics.com). 

 

3.4.4 Significant findings from the case 

The Bodymetrics case highlighted the commercial use of the Bodymetrics pod, 

based on the white light scanning technology developed by [TC]2, for made-to-

measure and custom design. As various retailers have adopted scanners for different 

applications, Bodymetrics positioned itself as a private brand partner in retail spaces 

owned by Selfridges, Harrods and Le Bon Marche to provide custom fitted jeans and 

suits for consumers. Similar to Prada, Bodymetrics catered to a price insensitive 

customer base. Their customers sought made-to-measure fit and ultimate size and style 

customization in their jeans or suits. Information from this case was directly utilized to 

create scenarios pertaining to consumer perceptions of custom made clothing based on 

Roger’s theory of innovation diffusion. 

Even though Bodymetrics was successful in addressing needs of price 

insensitive customers, they were unable to address certain consumer related risks of 

body scanning. The Bodymetrics scanning pod required the consumers to strip to their 

undergarments or a scanning suit that deterred some customers from getting scanned. 

This information was utilized to formulate a question to gauge the consumer’s privacy 

concern regarding body scanning. Also, since Bodymetrics targeted price insensitive 

consumers by establishing themselves in premium stores, it was important to 

understand the impact of price on technology adoption. Information from this case was 

used to frame a question on consumer willingness to pay a price premium in order to 

utilize the benefits of 3D body scanning. 
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3.5 Intellifit 3D Body Scanning Case Study 

Realizing that over 62% of US consumers complained that they could not find 

garments that fit (Anderson, Brannon et. al., 2001), Albert Charpentier purchased a 

proprietary technology that converted a person’s measurements into a custom clothing 

pattern for any style. Funded by a group of angel investors, he founded Intellifit, 

headquartered in Hersham, PA, in 2000. Having manufactured a large number of 

custom pants, shirts and jackets by 2002, Intellifit transitioned to the use of their 

existing scanning technology and resulting body measurements to improve the fit of 

ready-to-wear garments available to consumers. This reorientation to size selection for 

ready-to-wear garments allowed them to grow into a firm catering to the masses, 

rather than to select a group of consumers interested in custom made clothing. Intellifit 

was one of the first firms to license the Millimeter Wave Holographic Scanning 

Device developed by the Pacific Northwest National Laboratory (PNNL) in 2003. The 

other firm that licensed this technology was California-based SafeView Inc., that 

applied the technology to screen for weapons at airports (Graybeal, 2006). 

 

3.5.1 Technology Used 

The Intellifit scanner was a cylindrical see-through booth 8 feet high and 7 feet 

wide. The scanning process took only 10 seconds using safe radio waves to collect 

over 200 body measurements that were saved in its database with complete 

confidentiality. The power of the Intellifit scanner’s radio frequency was enough to 

penetrate the clothes but not enough to penetrate the skin. The radio waves were 

collected by a transceiver and processed by a high-speed image-processing computer 

to create an accurate outline of the body and generate a set of body measurements. 

Technical reviews claimed that the Intellifit scanner could achieve an accuracy of 5-6 

mm, which was considered less precise than the white light or laser light scanner 
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(D’Apuzzo, 2007). Millimeter wave holographic scanning technology was named the 

most promising innovation of 2004 by R&D magazine while Intellifit was named to 

be one of the Top 25 Breakout Companies (Best in Retail) in 2005 by Fortune 

Magazine (Boyle, 2005).  

 

3.5.2 Business Advantages 

The Intellifit business model was considered beneficial for consumers, retailers 

and manufacturers. Their size prediction technique helped consumers find ready-to-

wear garments at a specific partner store that fit within their style specifications. It 

saved them time and money and reduced the burden of trying on various brands and 

sizes to determine what fit best. Most importantly, the entire scanning process was free 

of cost to consumers. 

Free scanning was made possible by adopting a model similar to Google. 

Member retail stores paid Intellifit to recoup the fixed and variable costs of scanning, 

while Intellifit provided a great advertising setup for the retailers and their products by 

recommending brands to consumers. The process could reduce the number of returns 

due to fit issues and alterations. Retail stores in turn analyzed measurements in the 

Intellifit database to ascertain the body sizes for their target market in order to control 

the inventory mix for future stock and to minimize excess stock (Sharpe, 2007). 

With the availability of an extensive database of measurements, the 

manufacturers could potentially achieve a better sizing system for individually 

targeted brands. The Intellifit system could provide fit specifications, grade rules and 

patterns designed to fit people in a brand's target demographic (Devarajan, 2003). The 

database could also be used to ascertain the ideal fit model for a particular brand and 

identify demand for potential brand extensions. 
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3.5.3 Consumer Perspective 

Most 3D body scanners required consumers to take off their clothes for 

scanning in their undergarments or other minimal clothing such as scan suits. This 

process could be considered invasive and deter certain consumers from getting 

scanned for better fitting clothes. Intellifit provided a solution to the problem through 

its body scan technology. Having been scanned, the consumer was given a personal 

Intellifit card that could be used on the kiosks situated next to the scanner or on the 

Internet for online shopping. Using the card, the consumer could view his/her body 

shape and select the fit and style of the desired garment based on personal preference 

(example low rise, loose fit around the thigh). The consumer then received a printout 

listing the brands, sizes and styles that fit them best among member retailers. While 

other scanners were focused towards precise measurements for customized clothing, 

Intellifit provided size selection advice for better fitting ready-to-wear clothes. In 

addition, selected retailers were contemplating use of the Intellifit measurement data 

to alter their sizing systems based on the target market. 

 

3.5.4 Significant Findings from the Case 

The case highlighted the details of the commercial rollout of the Millimeter 

Holographic Scanning technology by Intellifit in the form of their 3D body scanners. 

Intellifit positioned itself as an intermediary between the consumer and the retailer, 

providing personalized recommendations to consumers based on their body shape and 

measurements for best fitting ready-to-wear garments available at the member retail 

stores while providing a new advertising medium for those stores. This service was 

completely free of charge to consumer and the scanning process did not require the 

consumers to take off clothes in the retail location. 

Information from this case was utilized to create a scenario addressing the need 

for 3D body scanning for size prediction and in order to reduce the number of 
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garments tried on in a store. Information from the case was also used to develop 

questions to understand the consumer privacy concerns regarding body measurements 

stored in the company database and distributed among retailers to improve the existing 

sizing systems.  
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CHAPTER 4 

METHODS 

 

4.1 Variables 

Roger’s (1995) factors for innovation diffusion (relative advantage, simplicity, 

compatibility, observability, trialability) and risk (price and privacy issues) served as 

dependent variables to investigate the elements influencing technology adoption 

amongst consumers. Consumer demographics (sex, age and household income), 

behavioral characteristics (technology ownership, attitude towards apparel shopping 

and apparel shopping frequency) and prior knowledge of RFID and 3D body scanning 

were the independent variables. Consumers were segmented based on the independent 

variables to further evaluate the factors responsible for the adoption of RFID and 3D 

body scanning in apparel retail.  

 

4.2 Development of Questionnaire 

 A preliminary questionnaire on the benefits and issues of RFID and 3D body 

scanning in apparel retail was developed based on the review of literature, the four 

case studies and Roger’s factors for innovation adoption and Bauer’s perceived risk. 

The questionnaire consisted of three sections to facilitate a pre-test  treatment  

post-test design.  

 The respondents were required to read a consent form describing the research 

and agree to the terms and conditions of the research before participating in the survey 

(See Appendix 1, p.1). They were then asked to furnish basic demographic 

information such as age, gender, income and behavioral information such as shopping 

frequency, shopping attitude and ownership of household devices. Several initial 

questions were used to gauge the respondent’s pre-existing awareness and knowledge 
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of RFID and 3D body scanning as part of the pre-test. They were asked about any 

prior observations of RFID tags or the use of 3D body scanning in apparel retail to test 

for awareness using a binary yes/no type question. Knowledge was tested by asking 

the respondents to identify the primary benefits of RFID and 3D body scanning from a 

given list. These responses were to be used to divide the respondents into groups based 

on their prior knowledge of the technologies before the treatment. Treatments in the 

form of brief descriptions of RFID and 3D body scanning technologies and their 

applications were presented to ensure a certain level of knowledge among respondents 

before asking the majority of questions. This research design ensured that all 

respondents had a basic knowledge level about the technologies to be considered in 

Rogers’ second stage of innovation-decision, ‘persuasion,’ and able to judge the 

technologies based on Rogers’ factors for innovation diffusion. 

 Four shopping scenarios were developed for garment tracking, smart cards, 

faster POS checkout and interactive trial rooms for RFID to describe likely 

applications for consumers to use RFID technology in apparel retail. Similarly, three 

scenarios about 3D body scanning at retail locations described size prediction, 

customization and virtual try-on.  Each retail scenario was followed by five point 

Likert scale-type questions ranging from no interest to great interest to operationalize 

three dependent variables (relative advantage, compatibility, simplicity) (See 

Appendix 1, p.4). Questions on the ability to recognize the technologies being used in 

a store were developed to operationalize observability and the likelihood to visit and 

purchase from stores using these technologies were developed for trialability. Five-

point Likert scale-type questions measuring interest in information storage on loyalty 

cards and the need for retailer disclosure for RFID and personal measurement storage 

on third party systems and scanning in undergarments for 3D body scanning were used 

to investigate the possible privacy issues. Questions focusing on the willingness to pay 
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a price premium to avail the benefits of the technologies were also used to evaluate the 

price risks associated with the adopting RFID and 3D body scanning. The following is 

summarized in Table 1. 

 

Table 1: RFID and 3D body scanning evaluation using Rogers' (1995) five factors 
and Bauer's (1960) perceived risk 

 RFID 3D Body Scanning 

Garment tracking Size prediction 

Smart cards  Customization 

Faster POS checkout Virtual try-on 
Relative Advantage 

Interactive trial rooms  

Garment tracking Size prediction 

Smart cards Customization 

Faster POS checkout Virtual try-on 
Simplicity 

Interactive trial rooms  

Garment tracking Size prediction 

Smart cards Customization 

Faster POS checkout Virtual try-on 
Compatibility 

Interactive trial rooms  

Observability Technology recognition Technology recognition 

Store visit Store visit 
Trialability 

Store purchase Store purchase 

Loyalty Cards Measurement storage 

Retailer non-disclosure Undergarments Risk 

Price Premium Price Premium 

 

4.3 Website Design and Construction 

 A website was developed using WebSurveyor  (now EFM Feedback), an 

online survey building tool provided free to the Cornell University community for 

instructional and research purposes. A Cornell University server domain dedicated to 

research projects powered by WebSurveyor  hosted the site. 
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  WebSurveyor  provided an intuitive wizard to aid the website design 

process with options to customize the question type and overall design based on 

personal preference. Questions and Likert-scale responses that appeared frequently on 

the questionnaire could be saved in the built-in libraries for future use, while the edits 

were automatically updated to ensure that the survey being modified was always the 

latest version. The questionnaire was designed in a way that the respondents were 

allowed to proceed to the questions only after agreeing to the terms and conditions 

presented in the consent form. The order in which consumers responded to treatments 

and questions on RFID and 3D body scanning was randomized through two separate 

website links to prevent ordering bias towards one technology.  

 The Likert scale responses were ordered from most positive response to most 

negative response and were coded into numbers within WebSurveyor  (5 = most 

positive, 3 = neutral and 1 = most negative). These could be exported and downloaded 

to Microsoft Excel in a .csv (comma separated value) format to prevent any manual 

data entry errors at the time of analysis. The website was published on the Internet 

using a built-in WebSurveyor  publishing wizard with a provision to make changes 

and republish the website after the pilot test.  

 The external website appearance was created using Adobe Photoshop and a 

built-in ‘polo-gray’ design template on WebSurveyor . The text of the Likert-scale 

type questions was followed by option buttons that allowed the respondent to select a 

single response. Questions that required the respondents to check all applicable 

options were followed by check boxes. Each page on the website contained 

approximately 3-4 questions to minimize scrolling, while tabs at the bottom of the 

page indicating ‘next page’ and ‘previous page’ allowed the respondents to move 

forward or back to a previous page. Including the consent form, the questionnaire was 
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16 pages in total. The final page included an open-ended feedback section that allowed 

the respondents to type in unlimited text. 

 

4.4 Pilot testing 

 The website Uniform Resource Locator (URL) was sent via email to eleven 

acquaintances in Ithaca and Boston representative of the final sample. The primary 

purpose of the pilot survey was to evaluate ease of website use and identify any 

ambiguous language through user comments or ‘no response’ to a particular question, 

test the reliability of the survey instrument and gauge the time taken to complete the 

survey. 

 Respondent comments and questions with no response were analyzed to assess 

the ambiguity in language. Three out of the 11 respondents reported unclear language 

or did not respond to the question on compatibility, “Do you consider this technology 

compatible with your current shopping behavior?” This particular question was 

earmarked for discussion with experts in order to alter the language. Cronbach’s alpha 

value was calculated as a measure of reliability and internal consistency of the survey 

instrument. As a rule of thumb, the value of Cronbach’s alpha is required to be over 

0.70 for the instrument to be reliable. The calculated Cronbach’s alpha for the pilot 

responses was 0.92, achieving a reliable level for the survey instrument. The average 

time taken to complete the survey was 10.6 minutes, (maximum = 15 minutes; 

minimum = 7 minutes). Since the desired upper limit was 20 minutes, the length of the 

questionnaire was considered appropriate. 

 The pilot survey was followed by a one-on-one survey walkthrough with a 26-

year old male subject. The walkthrough was intended to generate a discussion on the 

survey language to understand whether the perceived meaning of a scenario/question 

was the same as the intended meaning. It was observed that the subject had little 
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difficulty in understanding the exact meaning of the RFID scenarios on garment 

tracking and interactive trial rooms.  Similar to the results of the pilot survey, the 

walkthrough subject was unable to clearly comprehend the question on compatibility. 

 The questionnaire language and content was then discussed with industry 

experts on RFID and 3D body scanning. The compatibility question was revised to 

reflect the respondent likeliness to shop for that particular application scenario, and the 

question was changed to “Would you be likely to shop at a store that uses RFID/3D 

body scanning?” thus making the question simpler to understand. It was concluded 

that respondents would be likely to shop only if they considered the RFID and 3D 

body scanning scenarios compatible with their shopping behavior. Based on the 

experts’ suggestion, the scenarios on garment tracking and interactive trial rooms were 

described in greater detail for increased clarity and an additional question on the need 

for retailer disclosure of RFID use was included in the questionnaire. Questions on 

willingness to try 3D body scanning and RFID were changed to likelihood to visit or 

purchase from stores using these technologies to measure trialability.  

 

4.5 Hypotheses 

 Consumer interest, knowledge and acceptance of RFID and 3D body scanning 

were investigated in the research. In addition to comparing respondent demographic 

and behavioral groups to identify target market segments for retailers, five hypotheses 

were developed to compare and contrast consumer responses towards the diffusion of 

RFID and 3D body scanning based on literature review and pilot test results for 

Rogers’ five factors (relative advantage, simplicity, compatibility, observability and 

trialability).  

1. Relative advantage of using RFID over a currently used technology will be greater 

than that for 3D body scanning. 
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2. 3D body scanning will be easier to understand than RFID. 

3. RFID will be more compatible with the existing shopping behavior than 3D body 

scanning. 

4. 3D body scanning will have higher trialability than RFID. 

5. Benefits of RFID will be more recognizable / observable than 3D body scanning. 

 

4.6 Sample Selection 

 Since the study was aimed towards understanding the American consumer’s 

interest and acceptance of RFID and 3D body scanning, it was extremely important to 

obtain a survey sample that could be generalized to the American population. It would 

have been extremely difficult to ensure external validity of the survey results and 

develop a random representative sample by recruiting survey participants on my own.  

 This sampling problem was addressed by purchasing a survey sample from 

Connecticut-based Survey Sampling International (SSI). The US panel for SSI 

contains over 2.5 million households and over 7 million household members 

representative of the American population (all of them over 18 years of age), thus 

allowing SSI to support surveys based on specific age, gender, ethnicity and 

geography requirements. Since most of SSI’s surveys are Internet based, the panel 

members recruited through permission-based techniques are assumed to have access to 

a computer and Internet. The panel members are not considered a part of a static 

database, but updated regularly based on their response rate for previous surveys, 

validity of their email addresses and record duplication. Members also have the option 

of automatically removing themselves from the panel with every survey 

correspondence and survey invitation.  

We had an option of purchasing a ‘US Population Balanced Panel’ or a 

‘Response Balanced Census Panel’. The former draws a sample from a panel 
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representative of the population in proportion to census information on age, gender 

and income, while the latter allows for different response levels across demographics 

to enable the completed survey to fall in proportion to the census population on age, 

gender and income. The latter approach was chosen in an attempt to obtain a random 

sample representative of the entire population stratified by sex and age. As for all of 

their surveys, the respondents were offered a chance to be a part of a $10,000 monthly 

sweepstake organized by SSI as an incentive to participate in surveys that run less than 

20 minutes; added incentives or individual incentives were offered for surveys running 

twenty minutes or longer. SSI uses its proprietary software capabilities to ensure a 

representative sample and to prevent respondents from completing a survey multiple 

times, entering surveys that they are not invited for, or forwarding surveys to other 

respondents. 

Approximately 2900 emails containing a brief description of the study, the 

survey URL and description of the incentive (See Appendix 2) were sent to a 

‘Response Balanced Census Sample’ of 1700 males and 1200 females between the 

ages of 20-60 years within all income groups. 183 completed surveys were obtained in 

five days at a response rate of approximately 6%.  

4.7 Analysis 

 The five-point Likert scale responses for the 183 completed surveys were 

coded with pre-defined numbers within WebSurveyor  (1 = most negative, 3 = neutral 

and 5 = most positive). These coded results were available for download in a CSV 

(Comma Separated Value) format.  
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 A large amount of data in a CSV file is separated by a delimiter, usually a 

comma, and presents an unformatted clutter of data in the absence of columns. 

Manually separating the responses for each individual into columns would be time 

consuming and a likely source for human errors in the data that was prevented by 

earlier coding the responses into numbers directly in WebSurveyor .  Therefore, this 

data was formatted using the ‘Text to columns’ function on Microsoft Excel 2003 that 

automatically separated comma, tab, space or any other delimited data into separate 

columns. The survey data was converted into formatted columns and exported to SPSS 

for statistical analyses.  

 Since the 183 completed survey responses included missing data values for 

certain questions, respondents who had not answered a particular question were 

excluded from any analysis involving that question. For example, a respondent who 

had not furnished his/her age was left out during analyses involving age, but his/her 

responses were used for analysis involving interaction between other variables.  

 Based on discussions with a statistician, analysis was conducted in three steps. 

The first step involved the organization of descriptive data to form an overall picture 

of the data set. This step included descriptive statistics like frequency, mean, median, 

standard deviation, standard error and the test for normality using histograms and 

goodness of fit. The next step utilized the General Linear Model (GLM) function on 

SPSS to investigate the interactions between the independent and the dependent 

variables using the F-test and Post-Hoc tests such as the Tukey HSD Test. Finally, the 

differences in means for Rogers’ five factors for innovation diffusion were compared 

to determine the consumer diffusion potential of RFID and 3D body scanning in 

apparel retail using within subjects t-tests on SPSS. 
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CHAPTER 5 

RESULTS 

 

5.1 Sample Description 

A Response Balanced Panel was used to generate a sample of respondents 

similar to the census demographic mix with the special circumstance that all 

participants were Internet users. A comparison between the sample demographics and 

census demographics obtained from the 2000 US Census Bureau data is shown in 

Table 2. The sample was composed of 44.8% (n=82) male respondents and 53.6% 

(n=98) female as compared to a population distribution of 49.1% males and 50.9% 

females. Three respondents did not furnish information on sex. Since the survey was 

restricted to respondents between the ages of 20 and 60 years, the population percent 

was calculated accordingly. The sample was made up of 49.2% (n=90) respondents 

aged 40 or under and 49.7% (n=91) above the age of 40 years, while two respondents 

did not furnish their ages. The population data for respondents between the ages of 20-

60 years consisted of 51.9% aged 40 or under and 48.1% above 40 years. The 

response sample had slightly fewer male and older respondents than expected. 

A disparity was observed between sample and population distributions for 

household income. The sample was made up of 37.7% (n=69) respondents under 

$60,000 per annum, 25.6% (n=47) between $60,000-$80,000 and 36.6% (n=67) above 

$80,000. In comparison, 60.5% of the US population had a household income under 

$60,000, 18.5% between $60,000-$80,000 and 21% greater than $80,000 in 2000. 

This was an expected disparity as the response sample only consisted of Internet users 

with presumably higher household income than the general population. It was 

important to note that results could only be generalized to Internet users. 
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Table 2: Demographic comparison between sample and population (N = 183) 

Demographic variables Sample 

frequency 
Sample % 

Population* 

(million) 
Population % 

Male 82 44.8 138 49.1 
Sex1 (n=180) 

Female 98 53.6 143 50.9 

Under 40 years 90 49.2 81 51.9 
Age2 (n=181) 

Over 40 years 91 49.7 75 48.1 

Under $60K 69 37.7 163 60.5 

$60-$80K 47 25.6 50 18.5 
Household 

Income (n=183) 
$80K+ 67 36.6 57 21.0 

* Source: US Census Bureau – US Census 2000 (http://www.census.gov/main/www/cen2000.html) 

1. Three missing values for sex; 2. Two missing values for age 

 

The frequencies for behavioral information such as technology ownership, 

apparel shopping frequency and attitude towards apparel shopping are presented in 

Table 3. Cellular phones and DVD players were the most commonly owned media 

devices with 91.8% (n=168) ownership. Only 35.5% (n=65) respondents owned Ipods 

and 16.9% (n=31) owned a GPS device. 42.8% (n=78) respondents owning at least 

five or more media devices were categorized as technology savvy. This calculation 

was utilized to divide the respondents into two groups based on technology ownership 

in order to understand whether this factor affected a respondent’s opinion towards the 

RFID and 3D body scanning applications. 

An approximately even distribution of shopping frequencies was observed with 

16.4% (n=30) respondents shopping once or more than once a week, 13.7% every 1-2 

weeks, 18.0% every 2-4 weeks, 22.4% every 1-3 months, 14.8% every 3-6 months and 

14.7% (n=26) respondents shopped every six months or less. The maximum number 

of respondents (n=41, 22.4%) shopped for apparel every one to three months, 

consistent with the turnaround time for most apparel firms. Respondents were asked to 

rate their attitude towards apparel shopping on a scale between ‘dislike a lot’ to ‘like a 
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lot.’ Only 18.0% respondents had a negative attitude towards apparel shopping while 

64.4% had a positive attitude and 17.6% were neutral. 

 

Table 3: Sample distribution based on behavioral variables (N=183) 

Behavioral variables Frequency Percent 

Laptop 104 56.8 

Cellphone 168 91.8 

Ipod 65 35.5 

Digital camera 146 79.8 

DVD player 168 91.8 

Console games 76 41.5 

Technology ownership 

GPS Device 31 16.9 

Yes 78 42.6 
Technology Savvy*  

No 105 57.4 

Once or more than once a week 30 16.4 

Every 1-2 weeks 25 13.7 

Every 2-4 weeks 33 18.0 

Every 1-3 months 41 22.4 

Every 3-6 months 27 14.8 

Shopping Frequency 

Every 6 months or less 26 14.7 

Dislike a lot 16 8.7 

Dislike a little 17 9.3 

Neutral 32 17.6 

Like a little 57 31.1 

Attitude towards shopping 

Like a lot 61 33.3 

* Calculated value – respondents owning five or more devices categorized as Technology Savvy 

 

 A crosstab between apparel shopping attitude and frequency yielded an 

interesting result presented in Table 4. Over 50% (16 out of 30) of the respondents that 

shopped for apparel once or more than once a week had a negative attitude towards 

apparel shopping while none of the infrequent shoppers out of 53 (3-6 months and 

every six months or less) had a negative attitude. Only 27% (8 out of 30) of the 
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frequent shoppers category had a positive attitude as compared 92% (24 out of 26) 

infrequent shoppers.  

 

Table 4: Crosstab between apparel shopping attitude and frequency (N=182) 

 Attitude 

Frequency 
Like a 

lot 

Like a 

little 
Neutral 

Dislike a 

little 

Dislike a 

lot 
Total 

Once or more than once a week 2 6 6 7 9 30 

Every 1-2 weeks 2 8 7 2 6 25 

Every 2-4 weeks 10 12 6 5 0 33 

Every 1-3 months 17 14 6 3 1 41 

Every 3-6 months 10 12 5 0 0 27 

Every 6 months or less 19 5 2 0 0 26 

Total 60 57 32 17 16 182 

  

 On being asked about their prior awareness of RFID, 39.3% (n=72) 

respondents had seen an RFID tag in their clothing (see Table 5). Respondents were 

also asked to identify the benefits of RFID in apparel retail. 61.2% (n=112) 

respondents indicated that RFID was used for real-time garment tracking, 81.4% 

(n=149) indicated that it was used for inventory management while only 34.4% (n=63) 

indicated that RFID could be utilized in improving customer service. Only 25.1% 

(n=46) respondents identified all three benefits of RFID, real-time tracking, inventory 

management and customer service (see Appendix 1, p.3) correctly and were 

considered to have prior knowledge of RFID. 
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Table 5: Sample distribution based on awareness and knowledge of RFID 

(N=183) 

 Frequency Percent 

Yes  72 39.3 
RFID Awareness 

No 111 60.7 

Real time tracking 112 61.2 

Inventory management 149 81.4 
RFID Benefit 

Identification 
Customer service 63 34.4 

Yes 46 25.1 
RFID Knowledge* 

No 137 74.9 

* Calculated value – respondents identifying all three benefits considered knowledgeable  

 Similar to RFID, the respondents were divided into different groups based on 

their awareness and knowledge of 3D body scanning (see Table 6). Low awareness 

was observed with only 1% (n=3) respondents ever having seen or been scanned in a 

3D body scanner at a retail scenario. 71.6% (n=131) indicated the body scanner was 

used for accurate measurements, 75.4% (n=138) for improved garment fit and 58.5% 

(n=107) for size prediction for ready-to-wear garments. 46.4% (n=85) identified all 

three benefits of 3D body scanning - accurate measurements, garment fit and size 

prediction (see Appendix 1, p.3) and were considered to have prior knowledge of 3D 

body scanning.  

 

Table 6: Sample distribution based on awareness and knowledge of 3D body 

scanning (N = 183) 

 Frequency Percent 

Yes 3 1.6 Body Scanning 

Awareness No 180 98.4 

Accurate measurements 131 71.6 

Garment fit 138 75.4 
Body Scanning 

Benefit Identification 
Size Prediction 107 58.5 

Yes 85 46.4 Body Scanning 

Knowledge* No 98 53.6 

* Calculated value – respondents identifying all three benefits considered knowledgeable  
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5.2 Relationship between Independent and Dependent Variables 

 Overall high mean levels (greater than 3.0) were observed for consumer 

responses towards both RFID and 3D body scanning applications. This indicated a 

high consumer acceptance towards the diffusion of RFID and 3D body scanning 

applications in apparel retail. General linear modeling in SPSS was used to study the 

effect of demographics, shopping behavior and prior knowledge of the technologies on 

the consumer responses yielding F values. The Tukey HSD (Honestly Significantly 

Different) test was performed as a post-hoc test to carry out pairwise comparison to 

identify significant differences among means. These analyses evaluated groups of 

consumers and their responses towards specific applications and concerns related to 

RFID and 3D body scanning based on demographic and behavioral variables and 

recommended the ideal consumer segments or target markets for a retailer deploying 

these technologies for specific applications.  

 

5.2.1 Consumer Responses Sorted by Sex 

 The means and F values for the effect of sex on responses to RFID applications 

based on Roger’s factors generally ranged between 3.0 and 4.3 and are presented in 

Table 7. There were no significant differences between male and female responses 

within the dependent variables and no clear patterns were identified except in 

compatibility and risk, although non-significant. Means for female responses were all 

slightly higher than male responses for compatibility with RFID applications. Male 

respondents had lower concerns with shopping information stored on loyalty cards, 

while female respondents were more willing to pay a price premium to avail the 

benefits of RFID. Male respondents were neutral towards information storage on 

RFID loyalty cards while female respondents had a slight negative opinion about the 

same. Comparatively lower means for all respondents were observed for perceived 
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risks of price and privacy indicating an overall negative opinion and concern 

associated with increased price and retailer non-disclosure regarding RFID use. 

 

Table 7: Consumer responses toward RFID applications sorted by sex (N=180) 

RFID Male (n=82) Female (n=98) F 

Garment tracking 4.10 4.01 0.26 

Smart cards 3.49 3.54 0.87 

Faster POS checkout 3.98 3.96 0.01 
Relative Advantage 

Interactive trial rooms 3.88 3.85 0.05 

Garment tracking 4.32 4.21 0.67 

Smart cards 4.18 4.19 0.02 

Faster POS checkout  4.28 4.28 0.21 
Simplicity 

Interactive trial rooms 4.33 4.33 0.00 

Garment tracking 3.70 3.81 0.50 

Smart cards 3.09 3.28 2.20 

Faster POS checkout 3.69 3.74 0.22 
Compatibility 

Interactive trial rooms 3.55 3.57 0.23 

Observability Technology recognition 4.11 4.09 0.02 

Store visit 3.66 3.54 0.33 
Trialability 

Store purchase 3.46 3.46 0.01 

Loyalty Cards 3.11 2.89 0.76 

Retailer non-disclosure 1.57 1.65 1.09 Risk 

Price Premium 2.14 2.34 2.27 

 Note: Responses on a 5 point scale 1=most negative; 3=neutral; 5=most positive 

 

 The means and F values for the effect of sex on responses to 3D body scanning 

applications based on Roger’s factors ranged generally between 3.7 and 4.4 out of five 

are presented in Table 8. The use of body scanning for size prediction in ready-to-wear 

clothing was found to be significantly more advantageous for females (F(1,178) = 

4.07, p 0.05) than for men. No other statistically significant results were found but a 

statistically non-significant pattern was observed for simplicity, compatibility and 

trialability responses where means for female respondents were slightly higher than 
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male respondents, while the reverse pattern was detected for observability. Male 

respondents were slightly more favorable towards measurement storage by body 

scanning firms and being scanned in undergarments than female respondents, though 

the result was non-significant. Similarly, female respondents had slightly higher but 

non-significant means for willingness to pay a price premium. It was interesting to 

note that the level of means for perceived risks were low (between 2.5 and 3.3) 

indicating concerns from both sexes. 

 

Table 8: Consumer responses toward 3D body scanning sorted by sex (N=180) 

3D body scanning Male (n=82) Female (n=98) F 

Size prediction 3.98 4.30 4.07* 

Customization 4.22 4.44 2.45 Relative Advantage 

Virtual try-on 3.82 4.07 1.84 

Size prediction 4.26 4.40 1.56 

Customization 4.33 4.38 0.05 Simplicity 

Virtual try-on 4.30 4.42 1.80 

Size prediction 3.72 4.01 2.11 

Customization 3.84 4.01 0.49 Compatibility 

Virtual try-on 3.81 3.97 1.19 

Observability Technology recognition 4.17 4.07 0.18 

Store visit 3.78 4.00 1.78 
Trialability 

Store purchase 3.72 3.83 0.56 

Measurement storage 3.32 3.01 1.88 

Undergarments 3.27 2.97 2.14 Risk 

Price Premium 2.47 2.69 2.22 

Note: Responses on a 5 point scale 1=most negative; 3=neutral; 5=most positive 

 *p 0.05 

 

5.2.2 Consumer Responses Sorted by Age 

 The means and F values for the effect of age on responses to RFID 

applications based on Roger’s factors are presented in Table 9. Faster POS checkout 
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application was found to be significantly more advantageous (F(1,179) = 2.61, 

p 0.05) and significantly more compatible (F(1,179) = 4.08, p 0.05) for the younger 

(40 or under) age group than the older age group. The younger respondents were also 

significantly more interested in trying out the technology by visiting a store using 

RFID (F (1,179) = 2.07, p 0.05). No other statistically significant results were found 

but a statistically non-significant pattern was observed for simplicity of application use 

where all means for younger respondents were slightly higher than older respondents.  

 

Table 9: Consumer responses toward RFID sorted by age (N=181) 

RFID 
40 years or under 

(n=90) 

Over 40 years 

(n=91) 
F 

Garment tracking 4.11 4.00 0.16 

Smart cards 3.64 3.38 1.71 

Faster POS checkout 4.13 3.79 2.61* 
Relative Advantage 

Interactive trial rooms 4.00 3.67 2.62 

Garment tracking 4.38 4.15 1.64 

Smart cards 4.33 4.05 2.27 

Faster POS checkout  4.34 4.23 0.18 
Simplicity 

Interactive trial rooms 4.36 4.25 0.16 

Garment tracking 3.90 3.62 1.56 

Smart cards 3.21 3.16 0.04 

Faster POS checkout 3.93 3.53 4.08* 
Compatibility 

Interactive trial rooms 3.68 3.38 2.28 

Observability Technology recognition 4.11 4.08 0.1 

Store visit 3.77 3.41 2.07* 
Trialability 

Store purchase 3.59 3.33 0.98 

Loyalty Cards 3.01 2.98 0.02 

Retailer non-disclosure 1.67 1.57 1.22 Risk 

Price Premium 2.34 2.14 0.59 

Note: Responses on a 5 point scale 1=most negative; 3=neutral; 5=most positive 

*p 0.05 

 The means and F values for the effect of age on responses to 3D body scanning 

applications based on Roger’s factors are presented in Table 10. Younger respondents 
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(under 40 years old) were significantly more interested in purchasing from a store 

using 3D body scanning that older respondents (over 40 years old) (F(1,179) = 4.39, 

p 0.05). No other statistically significant results were found but a statistically non-

significant pattern was observed for responses on relative advantage, compatibility, 

observability, trialability and risk where means for younger respondents were slightly 

higher than older respondents. The only exception was observed for simplicity means 

for virtual try-on where mean for older respondents was marginally higher than that 

for younger ones. 

 

Table 10: Consumer responses toward 3D body scanning sorted by age (N=181) 

3D body scanning 
Under 40 years 

(n=90) 

Over 40 years 

(n=91) 
F 

Size prediction 4.26 4.03 1.86 

Customization 4.48 4.22 3.53 Relative Advantage 

Virtual try-on 3.98 3.93 0.01 

Size prediction 4.34 4.28 0.06 

Customization 4.42 4.29 1.06 Simplicity 

Virtual try-on 4.36 4.37 0.03 

Size prediction 4.02 3.73 2.32 

Customization 4.09 3.77 2.34 Compatibility 

Virtual try-on 3.94 3.88 0.17 

Observability Technology recognition 4.17 4.07 2.30 

Store visit 4.00 3.81 1.30 
Trialability 

Store purchase 3.97 3.60 4.39* 

Measurement storage 3.25 3.08 0.94 

Undergarments 3.13 3.09 0.05 Risk 

Price Premium 2.67 2.51 1.18 

Note: Responses on a 5 point scale 1=most negative; 3=neutral; 5=most positive 

*p 0.05 
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5.2.3 Consumer Responses Sorted by Household Income 

 The means and F values for the effect of household income on responses to 

RFID applications based on Roger’s factors are presented in Table 11. Respondents 

with household income more than $80,000 per annum considered the faster POS 

checkout (F(1,181) = 3.16, p 0.05) and interactive trial rooms (F(1,181) = 5.59, 

p 0.01), significantly simpler to understand than the less affluent respondents with 

household income less than $60,000 per annum. Even though the middle-income 

category ($60,000-80,000) had higher means than the lower income category, the 

difference was not statistically significant. The highest income respondents were also 

significantly more interested in trying out the technology than the lowest income ones 

by visiting a store using RFID (F (1,181) = 3.92, p 0.05). No other statistically 

significant results were found. Mean level for perceived risk of retailer non-disclosure 

was low (less than 2.0) indicating the need for a retailer to disclose the use of RFID 

within a store even when the technology is being used for internal stock control and 

inventory management similar to the Marks & Spencer trial. Willingness to pay a 

price premium was low indicating negative opinion and concerns of RFID risks 

among all income categories. It was interesting to note that the lower income category 

respondents were more willing to pay a price premium than the middle-income 

respondents, though not statistically significant. 
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Table 11: Consumer responses toward RFID sorted by household income(N=183) 

RFID 

Under 

60K 

(n=69) 

60-80K 

(n=47) 

80K+ 

(n=67) 
F 

Garment tracking 3.94 4.37 3.96 1.97 

Smart cards 3.39 3.66 3.54 0.75 

Faster POS checkout 3.74 4.15 4.06 1.87 

Relative 

Advantage 

Interactive trial rooms 3.74 3.96 3.85 1.22 

Garment tracking 4.03 4.38 4.42 2.69 

Smart cards 3.96 4.34 4.33 2.76 

Faster POS checkout  4.03a 4.41 4.46b 3.16* 
Simplicity 

Interactive trial rooms 3.99a 4.38 4.58b 5.59** 

Garment tracking 3.61 3.91 3.81 0.59 

Smart cards 3.03 3.38 3.21 0.49 

Faster POS checkout 3.44 3.96 3.87 2.73 
Compatibility 

Interactive trial rooms 3.42 3.47 3.7 0.56 

Observability Technology recognition 3.87 4.27 4.21 2.91 

Store visit 3.28a 3.72 3.82b 3.92* 
Trialability 

Store purchase 3.23 3.53 3.64 2.77 

Loyalty Cards 2.90 3.04 3.06 0.08 

Retailer non-disclosure 1.67 1.54 1.61 0.77 Risk 

Price Premium 2.26 2.06 2.35 0.65 

Note: Response on a 5 point scale 1=most negative; 3=neutral; 5=most positive 

a & b indicate significant difference between means based on Tukey’s HSD post-hoc test 

**p 0.01 *p 0.05 

 The means and F values for the effect of household income on responses to 3D 

body scanning applications based on Roger’s factors are presented in Table 12.  Both 

middle income ($60,000-$80,000 per annum) and higher income (over $80,000) 

respondents considered the applications of 3D body scanning significantly simpler to 

understand than the lower income respondents (under $60,000). No other statistically 

significant results were found but a statistically non-significant pattern was observed 

for relative advantage and compatibility where the middle income category had higher 

means than the other two, while respondent means for trialability and privacy issues 

increased as income level increased. It was interesting to note that the lowest income 
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category was the most willing to pay a price premium to avail the benefits of 3D body 

scanning, though all income groups had negative responses with means from 2.5 to 2.7 

out of five. 

Table 12: Consumer responses toward 3D body scanning sorted by household 

income (N=183) 

3D body scanning 

Under 

60K 

(n=69) 

60-80K 

(n=47) 

80K+ 

(n=67) 
F 

Size prediction 3.97 4.43 4.12 2.14 

Customization 4.28 4.49 4.31 0.79 
Relative 

Advantage 
Virtual try-on 3.91 4.17 3.85 1.10 

Size prediction 4.01a 4.62b 4.40b 7.37** 

Customization 4.10a 4.49b 4.51b 4.51* Simplicity 

Virtual try-on 4.18a 4.57b 4.41b 3.50* 

Size prediction 3.77 3.98 3.91 0.23 

Customization 3.84 3.94 4.02 0.22 Compatibility 

Virtual try-on 3.88 4.00 3.88 0.26 

Observability Technology recognition 3.94 4.15 4.27 2.58 

Store visit 3.76 3.96 4.01 1.21 
Trialability 

Store purchase 3.66 3.81 3.90 1.31 

Measurement storage 3.09 3.15 3.25 0.37 

Undergarments 2.99 3.15 3.22 0.86 Risk 

Price Premium 2.72 2.51 2.52 0.24 

Note: Responses on a 5 point scale 1=most negative; 3=neutral; 5=most positive 

a & b indicate significant difference between means based on Tukey’s HSD post-hoc test 

**p 0.01 *p 0.05 

 

5.2.4 Consumer Responses Sorted by Attitude Towards Apparel Shopping 

 The means and F values for the effect of shopping attitude on responses to 

RFID applications based on Roger’s factors are presented in Table 13. Means for 

respondents who disliked shopping for clothes were significantly lower than 

respondents with positive attitudes towards apparel shopping, with the exception of 

compatibility with faster POS checkout and likelihood of store visit. The means for 
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privacy and price risks were statistically non-significant but low in value indicating 

consumer concern.  

Table 13: Consumer responses toward RFID sorted by attitude towards apparel 

shopping (N=183) 

RFID 

Dislike 

a lot 

(n=16) 

Dislike a 

little 

(n=17) 

Neutral 

(n=32) 

Like a 

little 

(n=57) 

Like a 

lot 

(n=61) 

F 

Garment tracking 2.92a 3.93b 4.10b 4.10b 4.33b 5.45** 

Smart cards 2.62a 3.32 3.30 3.51 3.90b 3.87** 

Faster POS checkout 3.24a 3.82 3.87 3.95 4.23b 2.28* 

Relative 

Advantage 

Interactive trial rooms 2.93a 3.50 3.97 3.80 4.13b 3.09* 

Garment tracking 3.39a 4.07 4.47b 4.38b 4.38b 4.20** 

Smart cards 3.31a 4.00 4.30b 4.25b 4.37b 3.80** 

Faster POS checkout  3.54a 4.13 4.34 4.38b 4.38b 2.69* 
Simplicity 

Interactive trial rooms 3.62a 4.19 4.37b 4.33b 4.42b 1.87* 

Garment tracking 2.77a 3.69 3.84b 3.68 4.06b 3.98** 

Smart cards 2.39a 3.25 2.84 3.10 3.63b 3.57** 

Faster POS checkout 3.16 3.63 3.47 3.67 4.13 2.68 
Compatibility 

Interactive trial rooms 2.39a 3.44b 3.50b 3.44b 3.88b 4.25** 

Observability Technology recognition 3.31a 3.74 4.30b 4.14b 4.25b 4.82** 

Store visit 2.85 3.75 3.74 3.53 3.78 1.84 
Trialability 

Store purchase 2.85a 3.50 3.50 3.33 3.78b 2.69* 

Loyalty Cards 2.77 2.94 2.74 2.89 3.32 1.27 

Retailer non-disclosure 1.85 1.63 1.74 1.53 1.63 0.63 Risk 

Price Premium 1.70 2.57 2.14 2.10 2.50 2.01 

Note: Responses on a 5 point scale 1=most negative; 3=neutral; 5=most positive; **p 0.01 *p 0.05 

a & b indicate significant difference between means based on Tukey’s HSD post-hoc test 

 The means and F values for the effect of apparel shopping attitude on 

responses to 3D body scanning applications based on Roger’s factors are presented in 

Table 14. Means for most scenarios under relative advantage, simplicity, observability 

and trialability for respondents who disliked shopping for clothes were significantly 

lower than respondents with a positive attitude towards apparel shopping. Respondents 

with a positive attitude towards shopping had significantly fewer concerns with firms 
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storing their measurement data, and higher but not significantly different means for 

being scanned in undergarments and paying a price premium for using the technology. 

 

Table 14: Consumer responses toward 3D body scanning sorted by attitude 

towards apparel shopping (N=183) 

3D body scanning 

Dislike a 

lot 

(n=16) 

Dislike 

a little 

(n=17) 

Neutral 

(n=32) 

Like a 

little 

(n=57) 

Like a 

lot 

(n=61) 

F 

Size prediction 3.36a 3.82 4.25b 4.20b 4.36b 3.65** 

Customization 3.36a 4.07 4.49b 4.40b 4.51b 5.25** 
Relative 

Advantage 
Virtual try-on 3.08a 3.63 4.00 4.02b 4.14b 2.87* 

Size prediction 3.58a 4.25 4.38b 4.42b 4.44b 3.21* 

Customization 3.58a 4.19 4.42b 4.44b 4.53b 4.39** Simplicity 

Virtual try-on 3.72a 4.19 4.35 4.46b 4.50b 2.47* 

Size prediction 3.15a 3.57 4.00 3.86 4.10b 2.44* 

Customization 3.22 3.63 4.04 3.91 4.14 2.17 Compatibility 

Virtual try-on 3.36 3.69 3.97 3.79 4.14 1.67 

Observability Technology recognition 3.36a 3.88 4.18b 4.20b 4.33b 4.07** 

Store visit 3.29 3.82 3.97 3.79 4.10 1.52 
Trialability 

Store purchase 3.08a 3.44 3.80 3.75 4.00b 2.51* 

Measurement storage 2.29a 2.94 2.97 3.10 3.57b 3.57** 

Undergarments 2.50 2.88 3.21 3.06 3.33 1.30 Risk 

Price Premium 2.22 2.32 2.52 2.42 2.85 1.60 

Note: Response on a 5 point scale 1=most negative; 3=neutral; 5=most positive; **p 0.01 *p 0.05 

a & b indicate significant difference between means based on Tukey’s HSD post-hoc test 

 

5.2.5 Consumer Responses Sorted by Apparel Shopping Frequency 

 The means and F values for the effect of shopping frequency on responses to 

RFID applications based on Roger’s factors are presented in Table 15. Frequent 

shoppers (shopping every 2 weeks or more) considered scenarios on garment tracking 

(F(2,180) = 3.06, p 0.05), faster POS checkout (F(2,180) = 4.38, p 0.05) and 

interactive trial rooms (F(2,180) = 5.03, p 0.01) significantly more advantageous than 

infrequent shoppers who shopped less than every 3 months. The means for 

compatibility with RFID applications for frequent shoppers were significantly higher 
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than infrequent shoppers. Frequent shoppers were also significantly more likely to 

purchase from RFID-enabled stores (F(2,180) = 3.89, p 0.05) and more willing to pay 

a price premium to avail the benefits of RFID (F(2,180) = 3.36, p 0.05) than 

infrequent shoppers. A pattern was observed where the means for simplicity and 

observability for frequent shoppers were higher but not significantly different from 

infrequent shoppers. It was interesting to note low mean levels (less than 3.0) for 

retailer non-disclosure and price premium, indicating an overall negative opinion and 

concerns among all categories of shoppers. 

 

Table 15: Consumer responses toward RFID sorted by shopping frequency 

(N=183) 

RFID 

Every 2 

weeks or 

more 

(n=55) 

2-12 weeks 

(n=74) 

Less than 

every 3 

months 

(n=53) 

F 

Garment tracking 4.31a 4.07 3.80b 3.06* 

Smart cards 3.71 3.61 3.20 2.67 

Faster POS checkout 4.30a 3.98 3.62b 4.38* 

Relative 

Advantage 

Interactive trial rooms 4.21a 3.92 3.48b 5.03** 

Garment tracking 4.40 4.32 4.12 1.21 

Smart cards 4.36 4.27 3.92 2.89 

Faster POS checkout  4.44 4.27 4.12 1.45 
Simplicity 

Interactive trial rooms 4.46 4.31 4.08 1.79 

Garment tracking 4.09a 3.74 3.44b 4.22* 

Smart cards 3.53a 3.21 2.82b 4.38* 

Faster POS checkout 4.09a 3.77 3.36b 4.43* 
Compatibility 

Interactive trial rooms 3.92a 3.63 3.06b 6.52** 

Observability Technology recognition 4.30 4.09 3.92 2.42 

Store visit 3.73 3.69 3.36 1.43 
Trialability 

Store purchase 3.73a 3.53 3.14b 3.89* 

Loyalty Cards 3.09 3.18 2.68 2.12 

Retailer non-disclosure 1.67 1.61 1.64 0.09 Risk 

Price Premium 2.61a 2.19 2.00b 3.36* 

Note: Responses on a 5 point scale 1=most negative; 3=neutral; 5=most positive; **p 0.01 *p 0.05 

a & b indicate significant difference between means based on Tukey’s HSD post-hoc test  



 72

 The means and F values for the effect of shopping frequency on responses to 

3D body scanning applications based on Roger’s factors generally ranged between 3.5 

and 4.2 are presented in are presented in Table 16. Frequent shoppers who shopped 

every 2 weeks or more considered scenarios on customization using 3D body scanning 

significantly advantageous (F(2,180) = 4.21, p 0.05) , easier to understand (F(2,180) 

= 3.69, p 0.05) and more compatible (F(2,180) = 3.56, p 0.05) than infrequent 

shoppers who shopped less than every 3 months. Frequent shoppers considered size 

prediction significantly simpler to understand (F(2,180) = 3.32, p 0.05) and 

compatible (F(2,180) = 4.00, p 0.05)  than infrequent shoppers. They also had 

significantly higher means for observability and willingness to pay a price premium to 

avail the benefits of the technology. Although non-significant, frequent shoppers had 

higher means for trialability and fewer privacy concerns associated with measurement 

storage with scanning firms and being scanned in undergarments. No significant 

difference was observed for the middle income category respondents except relative 

advantage and compatibility of virtual try-on, where the means for the middle income 

category were higher than lower and highest income categories, though statistically 

non-significant. 

 

5.2.6 Consumer Responses Sorted by Technology Ownership 

 The means and F values for the effect of technology ownership on responses to 

RFID applications based on Roger’s factors are presented in Table 17. Overall level of 

means for technology savvy respondents was high ranging between high neutral to 

positive (ranging between 3.3 to 4.7). Technologically savvy respondents considered 

the RFID benefits of garment tracking (F(1,181) = 4.64, p 0.05) and interactive trial 

rooms (F(1,181) = 9.01, p 0.01) significantly more advantageous than non-technology 

savvy respondents. Simplicity means for faster POS checkout (F(1,181) = 5.71, 
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p 0.05) and interactive trial rooms (F(1,181) = 13.81, p 0.01) and compatibility mean 

for interactive trial rooms (F(1,181) = 6.51, p 0.05) for technology savvy respondents 

were also significantly higher than non-technology savvy respondents. Even though 

both categories of respondents had low means for retailer non-disclosure, means for 

non-technology savvy respondents were significantly higher (F(1,181) = 5.58, p 0.05) 

than technology savvy respondents indicating the need to inform consumers about 

RFID use within a store. Technology savvy respondents had higher means for 

observability and trialability though the results were not statistically significant. Both 

groups of respondents had low means for price risks indicating unwillingness to pay a 

price premium to avail the benefits of RFID in a store. 

Table 16: Consumer responses toward 3D body scanning sorted by shopping 

frequency (N=183) 

3D body scanning 

Every 2 

weeks or 

more 

(n=55) 

2-12 weeks 

(n=74) 

Less than 

every 3 

months 

(n=53) 

F 

Size prediction 4.35 4.21 3.89 2.90 

Customization 4.53a 4.43 4.02b 4.21* 
Relative 

Advantage 
Virtual try-on 3.91 4.12 3.68 2.25 

Size prediction 4.50a 4.40 4.08b 3.32* 

Customization 4.55a 4.43 4.12b 3.69* Simplicity 

Virtual try-on 4.46 4.43 4.18 1.52 

Size prediction 4.14a 3.93 3.52b 4.00* 

Customization 4.23a 3.92 3.62b 3.56* Compatibility 

Virtual try-on 3.89 4.02 3.66 1.54 

Observability Technology recognition 4.44a 4.16 3.83b 6.10** 

Store visit 4.12 3.92 3.58 2.74 
Trialability 

Store purchase 4.00 3.74 3.50 2.60 

Measurement storage 3.35 3.18 2.85 1.92 

Undergarments 3.37 3.08 2.85 1.95 Risk 

Price Premium 3.00a 2.29 b 2.41b 5.79** 

 Note: Responses on a 5 point scale 1=most negative; 3=neutral; 5=most positive 

a & b indicate significant difference between means based on Tukey’s HSD post-hoc test   

 **p 0.01 *p 0.05 
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Table 17: Consumer responses toward RFID sorted by technology savviness 

(N=183) 

RFID 
No  

(n=105) 

Yes
1 

(n=78) 
F 

Garment tracking 3.92 4.27 4.64* 

Smart cards 3.39 3.70 2.83 

Faster POS checkout 3.86 4.11 2.09 

Relative 

Advantage 

Interactive trial rooms 3.65 4.18 9.01** 

Garment tracking 4.18 4.43 3.01 

Smart cards 4.09 4.33 2.68 

Faster POS checkout  4.13 4.47 5.71* 
Simplicity 

Interactive trial rooms 4.05 4.61 13.87** 

Garment tracking 3.65 3.91 2.29 

Smart cards 3.10 3.32 1.10 

Faster POS checkout 3.60 3.94 3.02 
Compatibility 

Interactive trial rooms 3.34 3.83 6.51* 

Observability Technology recognition 4.00 4.24 3.18 

Store visit 3.48 3.79 2.70 
Trialability 

Store purchase 3.32 3.69 4.86 

Loyalty Cards 3.07 2.95 0.32 

Retailer non-disclosure 1.75 1.48 5.58* Risk 

Price Premium 2.24 2.32 0.20 

Note: Responses on a 5 point scale 1=most negative; 3=neutral; 5=most positive 

1. Respondents owning 5 or more of 7 devices are considered technology savvy 

**p 0.01 *p 0.05 

 The means and F values for the effect of technology ownership on responses to 

3D body scanning applications based on Roger’s factors are presented in Table 18. 

The mean levels indicated an overall positive interest and acceptance of 3D body 

scanning applications among technology savvy respondents. Size prediction was 

considered significantly more advantageous (F(1,181) = 7.62, p 0.01), simpler to 

understand (F(1,181) = 11.59, p 0.01)  and more compatible (F(1,181) = 6.35, 

p 0.05) with the current shopping behaviors by technology savvy respondents than 

non-savvy ones. Virtual try-on was considered significantly more advantageous 

(F(1,181) = 4.96, p 0.05) and compatible (F(1,181) = 4.99, p 0.05) and customization 
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was significantly simpler (F(1,181) = 8.19, p 0.01) and more compatible (F(1,181) = 

8.23, p 0.01) for technology savvy respondents than non-savvy respondents. Tech 

savvy respondents were significantly more likely to purchase from stores using 3D 

body scanners (F(1,181) = 8.94, p 0.01) than their non-technology savvy counterparts. 

Both groups were relatively neutral with respect to measurement storage with 

scanning firms and scanning in undergarments. Although there was no significant 

difference in the willingness to pay a price premium, both respondent groups had low 

means (less than 3.0) indicating a negative opinion and unwillingness to pay a price 

premium to avail the benefits of 3D body scanning. 

 

Table 18: Consumer responses toward 3D body scanning sorted by technology 

savviness (N=183) 

3D body scanning 
No 

(n=105) 

Yes
1
  

(n=78) 
F 

Size prediction 3.97 4.39 7.62** 

Customization 4.21 4.49 3.57 
Relative 

Advantage 
Virtual try-on 3.77 4.16 4.96* 

Size prediction 4.14 4.59 11.59** 

Customization 4.21 4.58 8.19** Simplicity 

Virtual try-on 4.25 4.50 3.16 

Size prediction 3.68 4.12 6.35* 

Customization 3.70 4.20 8.23** Compatibility 

Virtual try-on 3.71 4.10 4.99* 

Observability Technology recognition 4.04 4.28 3.07 

Store visit 3.72 4.08 3.83 
Trialability 

Store purchase 3.54 4.03 8.94** 

Measurement storage 3.10 3.18 0.15 

Undergarments 3.10 3.09 0.01 Risk 

Price Premium 2.45 2.65 1.14 

Note: Responses on a 5 point scale 1=most negative; 3=neutral; 5=most positive 

1. Respondents owning 5 or more of 7 devices are considered technology savvy 

**p 0.01 *p 0.05 
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5.2.7 Consumer Responses Sorted by Prior Knowledge of the Technology 

 The means and F values for the effect of prior knowledge of RFID on RFID 

post-test responses based on Roger’s factors are presented in  

Table 19. Respondents who were able to identify all three applications of RFID in 

apparel retail were considered to have prior knowledge of RFID. Respondents with 

prior knowledge of RFID had significantly higher means for all relative advantage, 

simplicity, compatibility and trialalability variables.  

 

Table 19: Consumer responses toward RFID sorted by knowledge (N=183) 

RFID 

No  

(n=137) 

Yes
1 

(n=46) F 

Garment tracking 3.93 4.52 10.61** 

Smart cards 3.34 4.13 14.88** 

Faster POS checkout 3.75 4.64 20.67** 

Relative Advantage Interactive trial rooms 3.62 4.69 30.15** 

Garment tracking 4.21 4.54 4.14* 

Smart cards 4.09 4.52 6.21* 

Faster POS checkout  4.19 4.57 5.35* 

Simplicity Interactive trial rooms 4.15 4.71 10.09** 

Garment tracking 3.56 4.37 17.74** 

Smart cards 2.98 3.86 14.04** 

Faster POS checkout 3.52 4.47 20.63** 

Compatibility Interactive trial rooms 3.27 4.42 31.21** 

Observability Technology recognition 4.04 4.32 3.6 

Store visit 3.37 4.37 24.35** 

Trialability Store purchase 3.29 4.08 17.97** 

Loyalty Cards 2.83 3.59 10.35** 

Retailer non-disclosure 1.63 1.64 0.01 

Risk Price Premium 2.08 2.88 14.79* 

Note: Responses on a 5 point scale 1=most negative; 3=neutral; 5=most positive 

1. Respondents that were able to identify all three benefits of RFID 

 **p 0.01 *p 0.05 

 



 77

No significant difference in means was observed for the observability of RFID within 

a store. Respondents with prior knowledge had significantly lower concerns with 

RFID use in loyalty cards and higher willingness to pay a price premium to avail the 

benefits of RFID, though the mean levels were low indicating privacy concerns with 

loyalty cards and a general unwillingness to pay a price premium. Both groups had 

extremely low and similar means for retailer non-disclosure, implying the need for a 

retailer to inform the customers of RFID use within the store. 

 The means and F values for the effect of prior knowledge of 3D body scanning 

on 3D body scanning post-test responses based on Roger’s factors are presented in 

Table 20. Respondents who were able to identify all the applications of 3D body 

scanning in apparel retail were considered knowledgeable and had significantly higher 

means for every variable studied under relative advantage, simplicity, compatibility, 

observability, trilability and risk. Respondents without prior knowledge of 3D body 

scanning had significantly lower means (less than 3.0) for measurement storage with 

firms and scanning in undergarments indicating a privacy concern associated with the 

two perceived risks of 3D body scanning. Neither groups of respondents were willing 

to pay a price premium to avail the benefits of 3D body scanning but knowledgeable 

respondents had significantly higher means than ones without knowledge of 3D body 

scanning. 
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Table 20: Consumer response for 3D body scanning sorted by knowledge 

(N=183) 

3D body scanning 
No  

(n=46) 

Yes
1 

(n=137) 
F 

Size prediction 3.75 4.58 34.43** 

Customization 4.19 4.66 12.95** Relative Advantage 

Virtual try-on 3.76 4.21 6.79* 

Size prediction 4.15 4.65 15.76** 

Customization 4.23 4.65 12.74** Simplicity 

Virtual try-on 4.14 4.68 17.65** 

Size prediction 3.57 4.31 20.51** 

Customization 3.65 4.34 17.15** Compatibility 

Virtual try-on 3.72 4.15 6.13* 

Observability Technology recognition 4 4.38 8.28** 

Store visit 3.65 4.26 12.71** 
Trialability 

Store purchase 3.54 4.12 13.32** 

Measurement storage 2.84 3.49 10.46** 

Undergarments 2.91 3.35 4.74* Risk 

Price Premium 2.33 2.80 6.79* 

Note: Responses on a 5 point scale 1=most negative; 3=neutral; 5=most positive 

1. Respondents who were able to identify all benefits of 3D body scanning 

 **p 0.01 *p 0.05 

 

5.3 Interaction between Independent Variables 

 The study used seven independent variables: sex, age, household income, 

apparel shopping frequency, attitude towards apparel shopping and prior knowledge of 

technologies to indicate the effects of each variable on consumer responses to RFID 

and 3D body scanning. Higher level analyses were conducted to consider any 

interaction among these variables and its effects on consumer responses to RFID and 

3D body scanning applications based on Rogers’ (1995) five factors and Bauer’s 

(1960) perceived risk. 

 With seven independent variables, there were 21 different two variable 

combinations (7C2), 35 different three variable combinations (7C3), another 35 (7C4), 
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21 (7C5), and 7 (7C6) different four, five and six variable combinations, a total of 119 

different interactions. Multivariate GLM in SPSS for two variable combinations 

resulted in extremely low confidence and statistically non-significant results. A 

possible reason for this result could be the small sample size with even fewer 

respondents in each interaction group leading to statistically non-significant results.  

 

5.4 RFID and 3D Body Scanning Comparison for Innovation Diffusion 

Relative advantage, simplicity and compatibility were measured through 

specific questions after each scenario for RFID and 3D body scanning. Trialability 

was measured using questions on the respondent likelihood for visit and purchase at 

stores using these technologies and observability through a single question on the 

respondent likelihood to recognize RFID and 3D body scanning being used in a store. 

Mean values for Roger’s five factors for RFID and 3D body scanning were calculated 

by taking the average of individual means for each response. While it was important to 

consider individual applications to suggest target consumer segments based on RFID 

and 3D body scanning applications, diffusion potential could be evaluated by utilizing 

mean scales for Rogers’ five factors. It was statistically possible to average responses 

from different scenarios/questions together as they were normally distributed with 

similar standard deviations. Pearson’s correlation coefficients (R2) were also 

calculated for these responses to confirm that these variables were correlated. All 

correlation coefficients were statistically significant (p 0.01) with values greater than 

0.70. Perceived risk was excluded from this evaluation due to statistically non-

significant Pearson’s correlation coefficient for price and privacy risks with values less 

than 0.70. Within subjects t-tests were conducted to test for significance between 

RFID and 3D body scanning means for Roger’s factors to be used for comparison. 

Negative t-test values were obtained as relatively lower RFID means were subtracted 
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from the higher 3D body scanning means. The calculation and results are presented in 

Table 21.  

Table 21: T-test result for RFID & 3D body scanning comparison 

  
Individual 

mean 

Individual 

SD 

Combined 

mean 

Combined 

SD 

Combined 

Mean Diff 
t 

Garment 

tracking 
4.07 1.07 

Smart cards 3.52 1.23 

POS checkout 3.97 1.16 

RFID 

Relative 

Advantage 

Trial rooms 3.85 1.23 

3.84 0.08 

Size prediction 4.15 1.01 

Customization 4.35 0.94 

3DBS 

Relative 

Advantage Virtual try-on 3.96 1.17 

4.14 0.12 

-0.304 -5.244** 

Garment 

tracking 
4.27 0.94 

Smart cards 4.20 0.99 

POS checkout 4.29 0.94 

RFID 

Simplicity 

Trial rooms 4.32 1.02 

4.27 0.04 

Size prediction 4.33 0.92 

Customization 4.36 0.88 
3DBS 

Simplicity 
Virtual try-on 4.37 0.91 

4.34 0.03 

-0.077 -1.973* 

Garment 

tracking 
3.76 1.14 

Smart cards 3.19 1.38 

POS checkout 3.74 1.25 

RFID 

Compatibility 

Trial rooms 3.54 1.29 

3.55 0.10 

Size prediction 3.88 1.15 

Customization 3.93 1.15 
3DBS 

Compatibility 
Virtual try-on 3.91 1.14 

3.89 0.01 

-0.349 -5.697** 

Store visit 3.6 1.24 RFID 

Trialability Store purchase 3.46 1.13 
3.54 0.08 

Store visit 3.90 1.17 3DBS 

Trialability Store purchase 3.78 1.09 
3.85 0.06 

-0.311 -4.294** 

RFID 

Observability 
Recognition 4.11 0.87 4.11 0.87 

3DBS 

Observability 
Recognition 4.11 0.92 4.11 0.92 

0.000 0.000 

**p 0.01 *p 0.05 
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5.4.1 Relative Advantage 

The hypothesis that relative advantage of using RFID over a currently used technology 

will be greater than that for 3D body scanning was rejected. Respondents indicated 

that 3D body scanning applications had greater relative advantages than RFID 

applications over an incumbent technology. Although the overall relative advantage 

means for both RFID and 3D body scanning were positive, 3D body scanning had a 

significantly higher (t = -5.244, p 0.01) mean relative advantage (M = 4.14, SD = 

0.12) in the existing retail setup than RFID (M = 3.84, SD = 0.08).  

 

5.4.2 Simplicity 

The hypothesis that 3D body scanning will be easier to understand than RFID was 

accepted. Respondents indicated that 3D body scanning applications were easier to 

understand than RFID applications. Although the overall simplicity means both RFID 

and 3D body scanning were positive, 3D body scanning (M = 4.34, SD = 0.03) had a 

significantly higher (t = -1.973, p 0.05) mean simplicity score than RFID (M = 4.27, 

SD = 0.04).  

 

5.4.3 Compatibility 

The hypothesis that RFID will be more compatible with the existing shopping 

behavior than 3D body scanning was rejected. Respondents indicated that 3D body 

scanning was significantly more compatible with their shopping behavior than RFID. 

Although the overall compatibility means both RFID and 3D body scanning were 

positive, 3D body scanning (M = 3.89, SD = 0.01) was significantly more (t = -5.697, 

p 0.01) compatible with the shopping behavior than RFID (M = 3.55, SD = 0.10).  
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5.4.4 Trialability 

The hypothesis that 3D body scanning will have higher trialability than RFID was 

accepted. Respondents were more willing to try-out 3D body scanning than RFID 

during the decision process. Although the overall trialability means both RFID and 3D 

body scanning were positive, 3D body scanning (M = 3.85, SD = 0.06) had a 

significantly higher (t = -4.294, p 0.01) mean trialability score based on likeliness of 

store visit and purchase than RFID (M = 3.54, SD = 0.08).  

 

5.4.5 Observability 

The hypothesis that RFID will have higher observability than 3D body scanning was 

rejected. Respondents believed that they could uniformly recognize the benefits of 

RFID and 3D body scanning. RFID (M = 4.11, SD = 0.87) and 3D body scanning (M 

= 4.11, SD = 0.92) observability ratings showed no significant difference (t = 0.000).  

 

5.4 Open Ended Response Analysis 

 Twenty-six out of the 183 respondents provided open-ended feedback at the 

end of the survey. The feedback comments along with the associated demographic and 

behavioral variables are presented in Appendix 3. Fourteen out of the 26 feedbacks 

were extremely favorable towards both RFID and 3D body scanning with most 

showing great interest and awaiting mass deployment at the retail level. Eleven out of 

these 14 respondents were over 40 years in age and fell in the middle or affluent 

income category, with household income greater than $60,000. Nine out of the 14 

respondents with positive feedback were females who had positive attitudes towards 

shopping. Three respondents indicated interest in the results of survey. 

 Three other respondents expressed interest in both technologies, but were 

concerned about user friendliness, security and privacy pertaining to data storage. 
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These respondents expressed fear of technology adoption while another respondent 

was concerned about the unknown future implications associated with RFID and 3D 

body scanning. A male respondent had concerns about being scanned in 

undergarments while a female respondent was concerned about viewing her true body 

shape and paying a price premium for using 3D body scanning technology. Two 

female respondents over the age of 40 years were against the use of RFID due to 

privacy concerns, while another two females with similar demographics were 

concerned about the health problems associated with RFID radio waves, especially for 

consumers with medical instruments within their bodies. 
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CHAPTER 6 

DISCUSSION AND LIMITATIONS 

 

6.1 Discussion 

 Low diffusion of RFID and 3D body scanning among consumers led us to 

believe that both these enabling technologies for mass customization in the apparel 

industry are currently in the chasm separating early and mainstream adopters. A 

national online consumer survey was conducted to understand the consumer 

knowledge, interest and acceptance that could lead these technologies out of the chasm 

towards diffusion into the mainstream market. Rogers’ (1995) factors for innovation 

diffusion and Bauer’s (1960) perceived risks were utilized to evaluate consumer 

acceptance and the diffusion potential of RFID and 3D body scanning for mass 

customization in the apparel industry. 
 
 
6.1.1 Sample Description: Demographic Variables 

A comparison between the sample demographics and census demographics 

obtained from the 2000 US Census Bureau data showed a difference between the 

income distribution for the sample and general population. 37.7% (n=69) respondents 

had a household income under $60,000, 25.6% (n=47) had a household income 

between $60,000-$80,000 and 36.6% (n=67) had a household income over $80,000 as 

compared to 60.5%, 18.5% and 21.0% of the population respectively. This difference 

in distribution was expected due to the online nature of the survey that required the 

respondents to have access to a computer and Internet.  Computer penetration in US 

homes is only 73.4% and Internet penetration at 68%, while there is a large difference 

in home computer ownership in the share of lower income homes vs. higher income 

homes that own a home computer. Homes with an income over $60K are 50% more 
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likely to own a home computer than homes with an income below $60K (Nielson 

Media Research’s Home Technology Report, 2007). Hence, the sample distribution 

for household income was more similar to the population distribution of household 

income for Internet users than to the general population. 

Little difference in the sample and population distribution for sex was 

expected, as the male-female population ratio in the US is 49.1% to 50.9% (Census, 

2000) and Internet usage ratio is 50.4% to 49.6% (McGann, 2004). A modest 

inconsistency was observed with higher female response than expected with sample 

distribution of 44.8% (n=82) respondents were male and 53.6% (n=98) respondents 

were female (three respondents did not disclose their sex). This pattern may be 

attributed to two reasons. Survey Sampling International (SSI) reported that female 

respondents tended to respond to surveys faster than male respondents. Since it took 

only five days to collect 183 responses, there was an increased likelihood of a greater 

number of female respondents. Secondly, since women tended to spend more money 

in apparel shopping than men (DataMonitor, 2006), the mention of new technologies 

for apparel retail in the survey invitation email (see Appendix 2) might have interested 

more female respondents than male.  

49.7% (n=90) respondents were 40 years or under and 50.3% (n=91) were over 

40 years old (two respondents did not disclose their age) as compared to 51.9% and 

48.1% of the population (between the ages of 20-60 years) respectively. Since 52.6% 

Internet users are 40 years old or younger and 47.4% are over 40 years, a similar 

sample and population distribution for age was obtained (McGann, 2004). The sample 

distribution for age was not the same as the general population, but was safe to 

generalize the results for Internet users.  
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6.1.2 Sample Description: Behavioral Variables 

 The respondents were asked to furnish details on technology ownership, 

apparel shopping frequency and attitude towards apparel shopping. The question on 

technology ownership allowed us to understand the technology adoption trend among 

consumers. Almost 92% respondents owned DVD players and cellular phones, 57% 

owned laptops while only 17% owned a GPS device. It was important to understand 

the current technology ownership pattern in order to analyze the factors that affect 

adoption of any technology. Respondents owning five or more of the seven mentioned 

devices – laptop, cell phone, iPod, digital camera, DVD player, console games and 

GPS device, were classified as technology savvy respondents. Based on this 

calculation, 42.6% (n=78) respondents were technology savvy. This calculation was 

utilized to divide the respondents into two groups based on technology ownership in 

order to understand whether this factor affected a respondent’s opinion towards the 

RFID and 3D body scanning applications. This may help retailers to target specific 

groups of consumers during RFID and 3D body scanning deployment. 

 An even distribution of shopping frequencies was observed with approximately 

a sixth of the respondents under each of the six frequency options – once or more than 

once a week, every 1-2 weeks, every 2-4 weeks, every 1-3 months, every 3-6 months 

and 6 months or less. Positive attitudes towards apparel shopping were observed with 

approximately 64% of the respondents having a positive attitude, 18% respondents 

were neutral and only 18% had a negative attitude towards apparel shopping.  

 A surprising result was observed upon performing cross-tabs between 

shopping frequencies and attitude towards apparel shopping. Over 50% of the 

respondents who shopped for apparel once or more than once a week disliked 

shopping while none of the infrequent shoppers had negative attitudes towards 

shopping (Figure 2). Frequent shoppers may be consumers who are fashion conscious, 



 87

have specific needs, opinions and desires about particular styles and fit, but cannot 

find garments matching their needs. Some frequent shoppers, especially women who 

shop for their family may consider it a routine that takes out the fun of shopping and 

tends to induce negative opinion. 

 

Figure 2: Apparel shopping frequencies vs. attitudes 

6.2.3 Awareness and Knowledge 

 Rogers (1995) in his diffusion of innovation-decision process suggested the 

need to impart knowledge about the innovation before persuading consumers to adopt 

the same. With the growing number of retailers deploying item-level RFID tags in 

apparel stores, 40% (n=72) of the respondents had seen an RFID tag on their garment 

as compared to only 1% (n=3) of the respondents who had ever seen or been scanned 

in a body scanner in apparel retail. Since various barcodes and anti-theft devices have 

been attached to clothing over the years, it is possible that some of the respondents 

could have mistook barcodes to be RFID tags leading to a higher awareness level, 

while it is extremely difficult to mistakenly see another device for a 3D body scanner. 

High costs and few perceived benefits for the retailer could be responsible for low 
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deployment of 3D body scanning at the retail level leading to low awareness. Another 

possible cause for low awareness could be the language of the question itself. The 

awareness rate might have been higher if the consumers were asked whether they had 

ever ‘heard’ of the use of 3D body scanning in apparel retail instead of ‘seen’ or ‘been 

scanned’ in a 3D body scanner. 

 82% (n=149) agreed that RFID was used for inventory management in apparel 

retail, 62% (n=112) for real-time tracking while only 35% (n=63) knew that RFID 

could be used for improved customer service. Only 25% (n=46) could identify all 

three benefits of RFID in apparel retail and were categorized as knowledgeable. A 

possible explanation for low knowledge levels regarding the use of RFID in improved 

customer service could be due to the emphasis of RFID use for improving business 

efficiency in technical literature and lack of reporting in popular media. 72% (n=131) 

of respondents knew that body scanning was used for accurate measurements, 76% 

(n=138) for improving garment fit while 59% (n=107) agreed that 3D body scanning 

was used for size prediction in apparel retail. Although only 1% of the respondents 

had ever seen or been scanned in a body scanner, 47% (n=85) could identify all three 

retail benefits of the technology. A possible reason for comparatively high knowledge 

of body scanning as compared to RFID is the extensive media coverage of the 

technology as a revolutionary consumer-centric technology, as opposed to RFID that 

has been discussed as a business-centric technology with potential benefits in the 

supply chain. Another possible reason could be the simplicity in nomenclature. The 

name 3D body scanning can be understood by the masses and explains the basic 

application of the technology. Consumers tend to have a higher interest, attention span 

and understanding for simpler messages associated with a technology (Coe, 2005).  
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6.1.4 Consumer Segments 

 Mass customization suggests the need to provide customized products and 

services at mass production efficiency (Pine, 1993). Retailers are required to 

understand their consumer needs and demands to optimize the shopping experience by 

providing customized services. Consumer segmentation allows retailers to identify 

specific consumer groups based on demographic or behavioral attributes that influence 

the way they shop. Retailers try to maximize desired benefits and minimize perceived 

risks associated with specific applications of RFID and 3D body scanning for targeted 

consumers. The following section discusses the preferences and concerns of specific 

consumer segments towards RFID and 3D body scanning applications and their 

attributes based on Rogers’ factors. 

 

6.1.4.1 Sex 

 There were no significant differences between males and females for 

preferences or concerns towards specific RFID applications for Roger’s factors. Based 

on the means, both male and female shoppers identified garment tracking, faster POS 

checkout and interactive trial rooms as the most advantageous, easy to understand and 

compatible applications. The scores for customized promotions using loyalty cards 

were comparatively low suggesting privacy concerns. They indicated that the benefits 

of RFID were observable and were willing to try the technology through store visits 

and purchase. The mean levels for customized promotions using loyalty cards were 

comparatively lower than other applications while a difference in response was 

observed for perceived risk where female shoppers had non-significantly higher 

privacy concerns with shopping information being stored on RFID enabled loyalty 

cards. This result confirms the findings from the Prada case where female shoppers 

had concerns with their size information available to the sales staff (Prada Pulls RFID 

Because of Privacy Concerns, 2003). Female respondents were slightly more willing 
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to pay a price premium to avail the overall benefits of RFID deployment in a store, 

indicating the possibility of charging a price premium for RFID benefits at stores 

targeting female consumers.  

 Female respondents had a significantly higher interest than male respondents 

in the advantages of using 3D body scanning technology for size prediction of ready-

to-wear garments in an apparel store. This result may be explained by the general 

perception of poor fit in ready-to-wear apparel (Farr, Stone, Auliff & Ouverson, 1996) 

and the high incidence of ‘vanity sizing’ in women’s apparel that makes it extremely 

hard to find good fitting apparel (Coleman, 2003). Overall, women had negligibly 

higher means  than men for the other commercial applications of 3D body scanning – 

custom clothing and virtual try-on consistent with results obtained by Loker, 

Ashdown, Cowie and Schoenfelder (2004).  They were more interested in visiting and 

purchasing from stores using 3D body scanners, indicating their willingness to utilize 

the benefits of the technology. But, both men and women had low mean willingness 

(less than 3.0) to pay a price premium to avail the benefits of 3D body scanning, 

contradicting results obtained by Knight (1994) and Loker, Cowie, Ashdown and 

Lewis (2004) where 91% women were willing to pay up to $10 and 65% up to $25 to 

get scanned. A possible reason for this result could be the consumer expectation 

towards an overall reduction in costs associated with the technology since Knight’s 

study was conducted over a decade ago in 1994. Although both male and female 

respondents had low means (less than 3.0), men had fewer concerns with being 

scanned in undergarments and measurement data storage with scanning firms. This 

result was consistent with the results obtained by Loker, Cowie, Ashdown and Lewis 

(2004), where more than half the female participants were uncomfortable with the 

option of getting scanned in a retail setting. Retailers could try to mitigate risks of 

being scanned in undergarments by adopting Millimeter Wave Holographic Scanners. 
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Since the means for female respondents were higher than male respondents for 

Rogers’ factors, it indicates a higher degree of acceptance of RFID and 3D body 

scanning among female consumers for an improved shopping experience. But as the 

effect of sex on both RFID and 3D body scanning responses were statistically non-

significant, the response patterns need to be validated using a larger survey sample. 

 

6.1.4.2 Age 

 Younger respondents aged 40 years and younger showed significantly higher 

interest in the faster POS checkout application of 3D body scanning. Higher but 

statistically non-significant means were observed for all other applications of RFID 

(garment tracking, RFID loyalty cards and interactive trial rooms) for younger 

respondents based on Rogers’ factors – relative advantage, simplicity, compatibility, 

observability and trialability. They were more willing to pay a price premium than 

older respondents and had fewer privacy concerns with RFID loyalty cards and retailer 

non-disclosure regarding the use of RFID in a store. Although statistically non-

significant, these results indicated that younger consumers were an ideal target 

segment for current RFID applications in apparel retail, and the need for mitigating 

risks of increased price and privacy in order to attract the older consumers.  

 Younger respondents were also more receptive towards 3D body scanning. 

They were significantly more interested in purchasing from a store using 3D body 

scanning than older respondents. Similar to RFID, they were more receptive than older 

respondents towards the use of 3D body scanning for size prediction, custom clothing 

and virtual try-on. Though statistically non-significant, they had fewer privacy 

concerns with being scanned in undergarments or measurement information storage 

and were more willing to pay a price premium for technology use. One reason for 

these results could be a greater inclination to shop for clothes among younger 
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consumers. Another possibility could be that younger respondents have observed 

breakthrough changes in mechanics, computing and wireless technology in the last 

two decades and are open to the idea of adopting innovative technologies in the 

apparel retail channel. These results were in agreement with the results obtained by 

Burke (2002) explaining higher willingness among younger consumers to try and 

adopt new technologies for improved shopping. Based on response patterns, retailers 

could target younger consumers (under 40 years) towards specific applications of 3D 

body scanning discussed. A study with a larger sample size and more specific age 

categories might indicate statistically significant results to provide other strategies to 

identify target markets.  

 

6.1.4.3 Household Income 

 Higher RFID acceptance was observed for respondents belonging to the higher 

annual household income categories, $60,000-$80,000 and greater then $80,000, than 

respondents belonging to the lowest income category, less than $60,000. Although the 

results were not significant up to 95% confidence, the middle and high income 

categories had higher means than the lowest income category for all five Rogers’ 

factors – relative advantage, simplicity, compatibility, observability and trialability, 

thus indicating a greater chance of adopting RFID in apparel retail and is consistent 

with Burke (2002). It was interesting to note that none of the income groups were 

willing to pay a price premium to avail the benefits of RFID, emphasizing the need to 

pass on the supply chain savings through RFID use to the consumer to reduce the 

overall costs (Vethman, 2005). 

 Income level was significantly related to the ease of understanding RFID and 

3D body scanning technology. Respondents in the higher ($80,000+) income category 

had significantly higher means for simplicity than the lower income category (less 
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than $60,000) respondents. A possible explanation for this result could be the 

relationship between higher level of education and higher disposable income, thus 

enabling greater understanding, use and interest in technology. Middle and higher 

income respondents demonstrated a statistically non-significant pattern with fewer 

concerns privacy and price about 3D body scanning adoption than lower income 

respondent. This result indicates a need to change the overall image of the technology 

from an elite customization tool to a common man’s apparel selection tool by reducing 

the costs passed on to the consumer. Benefits of 3D body scanning that create a price 

burden on the consumer, such as custom clothing could be restricted to high priced 

items such as suits, trousers, high-end jeans or jackets instead of utilizing them for low 

cost items such as t-shirts or daily wear items. Retailers could target only high-income 

groups for cost-intensive applications such as custom clothing, as seen in the 

Bodymetrics case. By increasing the level of knowledge among low-income 

consumers retailers could expand free of charge size prediction services, such as the 

Intellifit business model, for all income groups.  

 

6.1.4.4 Attitude towards apparel shopping 

  RFID and 3D body scanning means for respondents with a positive attitude 

towards shopping were significantly higher than means for respondents with negative 

attitudes. An expected result, it indicated higher acceptance for technology diffusion in 

apparel retail among consumers who enjoyed the shopping experience. These 

consumers seemed to be open-minded and receptive to new technologies for improved 

services within a retail store with some but fewer privacy and price related concerns. 

Although it is extremely difficult to segment consumers based on their attitudes 

towards shopping, retailers could relate shopping attitude with other demographic and 
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behavioral variables for their customers and analyze the factors that affect this 

behavioral variable. 

 

6.1.4.5 Shopping Frequency 

 Respondents who shopped for clothes every two weeks or more considered 

garment tracking, RFID loyalty cards, faster POS checkout and interactive trial rooms 

significantly more compatible with their existing shopping behavior than low 

frequency shoppers (three months or less). Higher compatibility among frequent 

shoppers could be attributed to their exposure to numerous setups across the apparel 

retail sector leading to greater adaptability with diverse shopping scenarios. High 

frequency shoppers were also significantly more willing to pay a price premium to 

avail the benefits of RFID technology than infrequent shoppers and were neutral 

towards privacy concerns associated with RFID-based loyalty cards. Since it was 

observed that a majority of the high frequency shoppers had a negative attitude 

towards the current apparel retail setup, they might be willing to spend more to 

improve their overall shopping experience through customer-centric applications of 

RFID described in the scenarios. Retailers could target these frequent shoppers by 

providing customized services and promotions based on prior shopping information. 

 Both frequent and infrequent shoppers had higher acceptability for size 

prediction and customization than virtual try-on using a body scanner. A possible 

explanation for this result could be the nascent state of virtual try-on application and 

lack of awareness among consumers. Another reason could be the inclination to 

physically try-on clothes for fit evaluation instead of relying on a technology, 

especially within a store. Frequent shoppers were significantly more interested in the 

custom clothing application of 3D body scanning over infrequent shoppers, had higher 

willingness to purchase from stores using body scanners and pay a price premium to 
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avail the benefits with fewer concerns of privacy associated with measurement storage 

and being scanned in undergarments. These frequent shoppers are often fashion 

conscious and possibly understand the drawbacks of the current sizing system (Loker 

& Ashdown, 2005) adopted by apparel firms. Lack of size and fit options in the ready-

to-wear apparel market enhance the need for the custom clothing application of 3D 

body scanning and outweigh the risks of price and privacy. Retailers should provide 

these shoppers with custom fitted garments at a higher price than ready-to-wear 

garments. 

 

6.1.4.6 Technology Ownership 

 Technology savvy respondents displayed particular interest towards the use of 

RFID for interactive trial rooms using magic mirrors and RFID closets. A possible 

explanation for this result may be their fascination towards an interactive consumer 

application of RFID, focusing on the fashionable aspect of the technology instead of 

the utilitarian ones. Although statistically non-significant, technology savvy 

respondents were more willing to try out RFID in a retail store through store visits and 

purchase, while both categories of respondents indicated the need for retailer 

disclosure in case of technology use.  

 In contrast to RFID, technology savvy respondents had significantly higher 

means for all applications of 3D body scanning over non-technology savvy ones. They 

were significantly more interested in purchasing from a store using 3D body scanners. 

Since diffusion depends on both businesses and consumers, this result could be 

attributed to the low deployment of 3D body scanning by businesses in apparel retail, 

as a consequence most applications still preserve the innovativeness and generate 

fascination among consumers over manual measurements and traditional shopping 

methods. Retailers should begin by deploying RFID and 3D body scanners at urban 
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locales with a higher density of technology savvy consumers in order to target this 

consumer group. 

 

6.1.4.7 Prior Knowledge 

 Consumer responses clearly indicated the need for increased knowledge of the 

technologies to facilitate higher adoption. Respondents with prior knowledge of RFID 

and 3D body scanning had significantly higher means for the applications and fewer 

privacy and price concerns associated with the technologies, consistent with the results 

obtained from the BIGResearch survey (Roberti, 2005). Innovative technologies tend 

to arrive with a bagful of consumer misconceptions associated with them. Consumer 

advocacy groups believe that retailers could use RFID tags to track their movements, 

while many consider the lasers, white lights or radio waves associated with 3D body 

scanning as invasive. Increased knowledge seems to debunk such myths and focuses 

consumers on the utilitarian aspects of the technology. This allows fairer evaluation of 

the applications of the technology and increased acceptance rates if the benefits 

associated with it are useful to the consumer. 

 

6.1.5 RFID and 3D Body Scanning Comparison for Innovation Diffusion 

 Rogers (1995) suggested that the consumer decision process relating to 

technology adoption requires continuous evaluation of the innovation through 

information exchange to highlight its attributes and minimize any ambiguities 

associated with it. This period of continuous evaluation occurs during the persuasion 

stage of the consumer decision process, where the consumer evaluates the various 

attributes of the innovation to determine his/her decision regarding adoption or 

rejection. Consumers undertook the task of evaluating RFID and 3D body scanning 

during the course of the survey based on the five factors set forth by Rogers for this 

evaluation. Rogers proposed that these factors directly influenced the rate of diffusion 
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of the innovation within its realm. These five factors were relative advantage, 

simplicity, compatibility, observability and trialability. Since the respondents 

evaluated RFID and 3D body scanning in random order, there were no inherent biases 

towards one technology making the survey process impartial. Respondent scores for 

RFID and 3D body scanning on each of the five factors were averaged and compared 

using within subjects t-tests. This analysis gave a deeper insight into the diffusion 

potential of RFID and 3D body scanning in apparel retail and comparative likelihood 

of acceptance among consumers. Retailers looking to adopt one of the two 

technologies for mass customization could use the results for comparative consumer 

diffusion potential of the technologies to make a decision.  This section will discuss 

the results obtained and offer possible explanations for the same.  

 

6.1.5.1 Relative Advantage  

 Mean relative advantage of using 3D body scanning (M=4.14, SD=0.12) was 

significantly more than the relative advantage of using RFID (M=3.84, SD=0.08). The 

respondents had a positive response towards the relative advantage of RFID 

applications such as garment tracking, inventory management, loyalty cards and 

interactive trial rooms, but they indicated that size prediction, custom clothing and 

virtual try-on through 3D body scanners had a higher potential to enhance their 

shopping experience. This may be attributed to the lack of size and fit options in 

ready-to-wear garments sold in apparel stores. Consumers might perceive 3D body 

scanning as a revolutionary technology automating the traditional technique of manual 

measurements and offering innovative solutions for mass customization to reduce 

problems in apparel design, size and fit. On the other hand, RFID might be perceived 

as a mere successor to barcodes with a few added advantages. With greater options for 

consumer involvement, 3D body scanning could be considered more consumer-centric 
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than RFID offering greater customer service opportunities Other factors affecting 

mean relative advantage score may be greater prior knowledge of 3D body scanning 

compared to RFID and/or the language used for scenario description that could bias 

consumer responses. 

 

6.1.5.2 Simplicity 

 Although mean simplicity levels for both RFID and 3D body scanning were 

high (greater than 4.0), the mean simplicity score for 3D body scanning applications 

(M=4.34, SD=0.03) was significantly greater than the mean simplicity score for RFID 

applications (M=4.27, SD=0.04). Respondents indicated that 3D body scanning 

applications were significantly easier to understand than RFID applications. 

Nomenclature could often play a crucial role in understanding the principle and the 

applications of a technology. 3D body scanning is as a self-explanatory name, 

suggesting that the technology would be used to create three dimensional body models 

for certain applications. On the other hand, few consumers might remember the 

expanded version of the abbreviation RFID. During discussion of this technology with 

various colleagues, I heard various versions of the acronym such as ‘RIFD’, ‘RIDF’ 

and ‘RFDI’ with fewer being aware of what the initials stand for. A simpler name that 

allows consumers to understand the basic purpose of the technology without any 

further description may have higher acceptance. RFID applications also require a deep 

understanding of the coordination between the tag, reader and the computer network 

that processes stores and transmits data, that tends to be confusing for a layman. On 

the other hand, all 3D body scanning applications involve the scanning of a three 

dimensional body through a technology that the consumer does not need to know in 

order to obtain a digital body model and numerous body measurements to be utilized 

for consumer benefits. Businesses considering deployment of RFID technology could 
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try to increase the overall knowledge levels of RFID to improve the understanding of 

RFID applications among consumers for higher simplicity scores. 

 

6.1.5.3 Compatibility 

 Mean compatibility scores for 3D body scanning applications (M=3.89, 

SD=0.01) were significantly greater than the mean compatibility scores for RFID 

applications (M=3.55, SD=0.10). Respondents indicated that 3D body scanning 

applications were significantly more compatible and easy to adopt with their existing 

shopping behaviors than RFID applications. A possible reason for lower compatibility 

scores for RFID could be the perceived intrusive nature of the technology. Consumers 

tend to have misconceptions related to the use of RFID tags and believe that the 

technology is used for tracking their movements and/or poses health concerns for heart 

patients due to radio frequencies. The ‘big brother’ nature of RFID technology may 

generate privacy concerns leading to lower compatibility with consumer shopping 

behavior. Lower compatibility means for RFID than 3D body scanning may also be 

attributed to the fact that consumers have lower involvement with RFID applications. 

With the exception of interactive trial rooms, consumers are dependent on the sales 

associates of the store for RFID benefits. On the other hand, consumers are active 

participants in custom clothing, size prediction and virtual try-on applications of 3D 

body scanning leading to greater compatibility. One of the primary privacy concerns 

associated with 3D body scanning, being scanned in undergarments, could be 

addressed by using Millimeter Wave Holographic scanners described in the scenario 

on size prediction. 

 

6.1.5.4 Trialability 

 Mean trialability scores were calculated using questions on the consumer’s 

willingness to visit and purchase from a store using these technologies. Mean 
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trialability score for 3D body scanning (M=3.85, SD=0.06) was significantly greater 

than that mean trialability for RFID (M=3.54, SD=0.08). Since 3D body scanning is a 

stand alone technology, consumers have the option of getting scanned after entering 

the store, thus giving them greater flexibility and increased opportunities to try the 

technology before adoption. On the other hand, RFID involves the use of a network of 

tags, scanners and computer hardware within a store. Once inside a store using item 

level RFID on all garments, consumers have no alternative to avoid the use of RFID 

technology. This result was expected as RFID offers low flexibility and limited 

trialability during the consumer decision process. 

 

6.1.5.5 Observability 

 There was no difference in observability scores for RFID (M=4.11, SD=0.87) 

and 3D body scanning (M=4.11, SD=0.92). This was an unexpected result, as it 

seemed that consumers could openly observe all the benefits associated with 3D body 

scanning, while certain benefits of RFID like garment tracking and inventory 

management are latent within a store. A possible explanation for this result may be the 

use of a single question evaluating observability, asking consumers whether they 

would be able to recognize the use of RFID/3D body scanning within a store. The 

mean scores for other factors were obtained by averaging consumers response for two 

or more questions leading to a significant difference in results. A mean observability 

score using multiple responses might have yielded a different result. In spite of no 

significant difference between means, it is important to note the mean levels for 

observability (greater than 4.0). High mean levels indicated a high diffusion potential 

for both these technologies among consumers. 

 Even though both RFID and 3D body scanning had high mean levels (greater 

than 3.0) for Rogers’ five factors, within subjects t-tests for comparison between RFID 
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and 3D body scanning based on Rogers’ factors indicated greater diffusion potential of 

3D body scanning among consumers. These results suggested that consumers would 

have greater acceptance towards the deployment of 3D body scanning in apparel retail 

and more likely to cross the chasm than RFID.  

 

6.2 Limitations 

  Due to the limited availability of funds, the purchase of a survey sample of was 

restricted to 183 respondents. The effect of a small sample size was felt when studying 

the effect of independent variables on RFID and 3D body scanning applications. Even 

though a pattern was observed where female respondents had slightly higher means 

for RFID and 3D body scanning applications indicating higher acceptance, the results 

were statistically non-significant. Similarly, consumer segmentation based on age was 

restricted to two age groups, ‘40 years or under’ and ‘over 40 years’ that yielded 

statistically non-significant results. A larger sample size would have allowed 

segmentation based on smaller age gaps such as five or ten years providing a greater 

possibility of obtaining statistically significant results between groups to identify 

target markets for RFID and 3D body scanning. Since 183 responses were collected in 

six days at a response rate of 6%, the sample could have potentially caused a non-

response bias with 94% of the respondents not replying to the survey. 

 Another limitation identified was sample location. Since the details on the 

respondents’ geographical location were not available in the sample, there was no way 

of ensuring geographically representative results. Since respondents living in urban or 

high-income locations have a greater probability of owning a computer or having 

Internet access, this study could have possibly excluded an entire rural geographical 

location yielding results not representative of the population. 
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 Several limitations were identified specific to the questionnaire during the time 

of analyses. Respondent awareness of 3D body scanning was found to be extremely 

low (1%) as compared to RFID awareness (39%) and there was no way to determine 

that respondents had not mistaken barcodes or anti-theft tags frequently attached to 

garments to prevent shoplifting for RFID tags. Similarly, it was observed during 

analysis that a question asking respondents about a specific amount that they were be 

willing to pay, if any, to avail the benefits of the technologies would have yielded 

more specific results on consumer willingness to pay a price premium. Consumer 

health concerns relating to the use of RFID in apparel retail were not identified in any 

prior literature, case studies, pilot test or discussions with experts and were spotted 

only when a few respondents expressed these concerns in the open-ended feedback 

section of the survey. Further research studies should address these limitations for 

clearer results on consumer interest and acceptance for innovation diffusion. 
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CHAPTER 7 

SUMMMARY, RECOMMENDATIONS AND CONCLUSIONS 

 

7.1 Summary 

 RFID and 3D body scanning were identified as enabling technologies for mass 

customization in the apparel industry. Since prior studies identified the importance of 

consumer involvement for improved satisfaction levels through mass customization 

(Zipkin, 2001; Pine, 1993), the objective of this research was to investigate consumer 

knowledge, interest and concerns towards the applications of RFID and 3D body 

scanning to evaluate their diffusion potential in apparel retail. Rogers’ (1995) five 

factors for innovation diffusion, relative advantage, simplicity, compatibility, 

observability, and trialability and Bauer’s (1960) perceived risk, provided the 

theoretical framework for the study.  

 Four case studies were developed to understand the current practices among 

apparel retailers for RFID and 3D body scanning deployment. Based on the literature 

review and case studies, garment tracking, faster POS checkout, customized 

promotions through RFID loyalty cards and interactive trial rooms were identified as 

the important applications of RFID in apparel retail. Similarly, size prediction, custom 

clothing and virtual try-on were identified as important for 3D body scanning. A 

questionnaire was developed with retail scenarios for each application of RFID and 

3D body scanning followed by questions based on Rogers’ factors for innovation 

diffusion. Additional questions investigating risks such as price and privacy were also 

included. The responses were evaluated on a five-point Likert scale, one being most 

negative, three neutral and five most positive The resulting questionnaire was 

uploaded on a website designed using WebSurveyor, an online survey research tool 

hosted on the Cornell domain. 
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 A national online consumer survey was conducted using a population 

representative response sample purchased from a survey-sampling firm. 183 

completed responses were obtained in five days. Survey respondents were segmented 

based on demographic variables – sex, age and household income; behavioral 

variables – apparel shopping frequency, shopping attitude and technology ownership-- 

and prior awareness and knowledge of RFID and 3D body scanning. 40% respondents 

had seen an RFID tag in their garment while only 1% had ever seen or been scanned in 

a 3D body scanner. On the other hand, only 24% could identify all three benefits of 

RFID in apparel retail and deemed knowledgeable as compared to 47% for 3D body 

scanning benefits. Crosstab analyses of shopping frequency and attitude towards 

apparel shopping indicated that over 50% of the high frequency shoppers had negative 

opinions towards apparel shopping. 

  Demographic and behavioral segmentation of consumers based on their 

responses was utilized to identify target markets for retailers using these technologies 

for specific applications. Prior knowledge of the technology played a significant role 

in debunking myths about RFID as the knowledgeable respondents had significantly 

fewer price and privacy concerns and a higher willingness to adopt RFID in apparel 

retail. This indicated the need to increase knowledge level among consumers for 

greater adoption. While there were no significant differences between male and female 

responses, respondents with higher income ($80,000+) and aged 40 or under were 

significantly more willing to accept RFID than the others. Strong acceptance of RFID 

use in a retail store was also observed for frequent shoppers and technology savvy 

respondents. Consumers suggested a willingness to purchase from a store using RFID 

but low willingness to pay a price premium to avail the benefits of RFID within a 

store. Respondents were neutral towards the use of loyalty cards for customized 

promotions but indicated the need for retailer disclosure of RFID use within a store. 
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An open ended feedback on RFID revealed health concerns due to radio frequencies 

and an overall fear of consumer tracking using RFID tags. Middle ($60,000-$80,000) 

and high ($80,000+) income respondents and those aged 40 years and under were 

identified as target consumer segments. Frequent shoppers and technology savvy 

respondents had fewer concerns of price and privacy and higher willingness to adopt 

3D body scanning than infrequent shoppers and non-technology savvy respondents. 

47% of the respondents with prior knowledge of 3D body scanning had significantly 

higher means for all five Rogers’ factors indicating a need for improved knowledge of 

new innovations to facilitate higher adoption among consumer. Size prediction for 

ready-to-wear garments and custom made clothing were considered the most 

beneficial and compatible applications of 3D body scanning. Privacy concerns for 3D 

body scanning were higher for female respondents and infrequent shoppers but 

respondents were overall neutral about being scanned in undergarments or personal 

measurements stored with scanning firms. The role of a Millimeter Wave Holographic 

Scanners that can scan consumers in full clothing was discussed to mitigate privacy 

risks in a retail environment. Compared to RFID, open ended feedback on 3D body 

scanning did not indicate any health concerns related to 3D body scanning while some 

female respondents indicated concerns related to viewing their true body shape on a 

scan.  

 Rogers’ theory of innovation diffusion suggested that the five factors directly 

influenced the rate of diffusion of an innovative technology within the social system. 

Since RFID and 3D body scanning were identified as two enabling technologies for 

mass customization in apparel retail, comparing their diffusion potential based on 

consumer responses would allow businesses to develop a deployment strategy for 

these mass customization technologies. A comparative analysis based on Rogers’ five 

factors indicated that 3D body scanning had significantly higher means for relative 
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advantage, simplicity, compatibility and trialability while there was no observability 

difference between the two. The results indicated that 3D body scanning had greater 

diffusion potential and a higher chance of crossing the chasm based on consumer 

interest and demand than RFID, though both had positive potential due to high overall 

mean levels (greater than 3.0).  

 

7.2 Recommendations 

  Pine (1993) argued for the need for customized products at mass-produced 

prices through mass customization to satiate consumer demands. While some apparel 

firms might reject the need for mass customization in the apparel industry citing the 

annual growth in apparel sales, the fact that a majority of the frequent shoppers have a 

negative opinion towards apparel shopping is a clear indicator for the need to improve 

the overall apparel shopping experience within a store for improved brand loyalty and 

sustained growth in the apparel industry. 

 Zipkin (2001) identified the importance of consumer involvement for greater 

satisfaction levels in mass customization and Turowski (1999) indicated the need for 

enabling technologies for a successful mass customization strategy. In this research, 

RFID and 3D body scanning were studied as enabling technologies to enhance 

consumer involvement for mass customization in the apparel industry. While their 

diffusion in the apparel retail is considered critical for a successful mass customization 

strategy, these technologies have followed a rather different diffusion pathway among 

businesses and consumers (Figure 3). 

 

 



 107 

 

 

Figure 3: Technology diffusion matrix for RFID and 3D body scanning 

 The Technology Diffusion Matrix indicates the current state of RFID and 3D 

body scanning diffusion in apparel retail. The matrix has been constructed using 

Rogers Theory of Innovation Diffusion as the underlying framework that explains that 

innovation diffusion in a social system is a factor of:  1) Consumer acceptance and 2) 

Business deployment. The placement of technologies on the matrix is based on 

literature review and results of the study. It is a comparative representation of the 

current status of RFID and 3D body scanning and not based on any scale. Any 

innovation widely deployed by businesses and accepted by consumers is considered to 

have crossed the chasm and diffused in the mainstream market to achieve the diffusion 

target indicated by the ‘star’ in Figure 3. 

  Numerous studies have empirically confirmed the business-centric advantages 

of RFID deployment such as asset tracking, inventory management, reduced labor 

costs and anti-counterfeiting leading to increased interest in deployment among 

retailers, while the move has provoked backlash from consumer privacy advocates 

leading to boycotts and low adoption. This indicates high business deployment and the 
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need to alleviate consumer privacy concerns to improve the currently existing state of 

low consumer acceptance. On the other hand, Intellifit reported that a single Lane 

Bryant store using their 3D body scanner scanned over 11,000 consumers between 

April 2005 and January 2007 (Powell, 2007). That translates to potentially 550 

consumers a month or 19 consumers scanned every day in that store. The statistic 

along with the results of this study confirms the high rate of consumer acceptance of 

3D body scanning but no empirical study has yet examined the benefits of 3D body 

scanning in the apparel supply chain. While some businesses such as Intellifit, 

Bodymetrics, Brooks Brothers and Lands’ End have tested the diverse applications of 

3D body scanning in apparel retail, the majority have shied away from mass 

deployment due to cost or other concerns. This indicates high consumer acceptance of 

3D body scanning applications for diffusion but low deployment willingness among 

consumers preventing target achievement. 

 

7.2 Recommendations for Businesses – RFID Diffusion 

 With apparel businesses expressing great interest in RFID deployment, the 

Technology Diffusion Matrix (Figure 3) indicated the need for increased consumer 

acceptance for RFID diffusion in the apparel industry. Although survey respondents 

had positive responses towards RFID applications, lack of knowledge has resulted in 

consumer myths about the technology. The results of the study led to a 

recommendation to educate the consumers in order to increase their acceptance rate of 

RFID. Increased knowledge level of RFID will serve a two-fold purpose: 1) increase 

understanding of RFID applications and acceptance as a mass customization 

technology with direct consumer benefits outweighing associated risks and 2) debunk 

consumer myths regarding health concerns of radio frequencies, consumer tracking 

and other privacy issues.  
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 Popular media such as the television, newspapers, magazines and the Internet 

will play a vital role in consumer education about RFID. Viral education through 

social networks such as Facebook and MySpace and video sharing websites such as 

Youtube and Google Video could be considered for young, Internet savvy consumers 

while traditional print and television media chosen to target older consumers. Small 

video clips between television programs or on the Internet demonstrating the 

consumer-centric applications of RFID such as garment tracking, faster POS checkout, 

customized promotions and interactive trial rooms for an improved shopping 

experience will encourage consumers to visit a store using RFID and test the 

technology first-hand. Knowledgeable sales staff inside a store could demonstrate the 

technology and answer questions on consumer issues such as health concerns and 

privacy issues. Stores using RFID could consider having flyers at the entrance and 

checkout area to indicate the use of RFID within the store, informing the consumer of 

its benefits and debunking any concerns through a section on frequently asked 

questions. 

 Marketers could design attractive hangtags for garments sold in stores using 

these technologies. These hangtags could contain vital information about the benefits 

of the technology along with creating a brand for the RFID, similar to the one created 

by DuPont for all garments that contain Lycra  and other technical fibers. They could 

also design other visibility strategies like advertising campaigns for specific consumer 

segments. Eye-catching advertisements explaining the role of the technology could be 

placed in fashion magazines for young, female consumers, technology magazines for 

urban, technology-savvy male consumers and specific websites for Internet users. 

New stores adopting RFID could offer press releases indicating its benefits within the 

store and offer free demonstrations at public places. Demonstrations could serve a dual 

purpose as they will educate the consumer about RFID benefits and serve as an 
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advertisement for the store prompting consumers to seek out the store. An ideal 

example of benefits outweighing privacy and price risks leading to large-scale 

adoption has been the cellular phone industry. The cellular phone has the potential to 

literally trace the exact location of a consumer (Factsheet 2(b): Cell Phone 

Technology, Privacy Rights Clearinghouse) while studies have proven that cellular 

frequencies can cause health damages like brain tumors, headaches and short-term 

memory loss among others (www.cancer-health.org). In spite of these proven privacy 

and health concerns, benefits of wireless mobile communication, text messaging, 

built-in cameras and access to the Internet among others have outweighed the 

associated risks leading to mass acceptance of the technology. This was confirmed by 

the fact that 92% of the survey respondents owned cellular phones, while the Cellular 

Telecommunications & Internet Association (CTIA) estimated the total number of 

cellular phone subscribers in the US at 240 million (www.ctia.org). Apparel 

businesses deploying RFID need to educate the consumers on the benefits of RFID, 

and mitigate the consumer privacy and health concerns associated with RFID use.  

 This study also identified target consumer segments interested in RFID. 

Retailers could focus on deploying only specific applications of RFID in a store based 

on their target market to increase consumer acceptance. Since female consumers have 

higher privacy concerns with the use of RFID-enabled loyalty cards, stores serving a 

female clientele could focus on applications such as faster POS checkout and 

interactive trial rooms. Similarly, high-end stores catering to a high-income segment 

may consider charging a price premium for improved services through RFID 

deployment, while stores catering to the middle or low-income segment could focus 

on passing the channel benefits of RFID to the consumer. With optional RFID-enabled 

loyalty cards, retailers could identify frequent shoppers interested in RFID 

applications. These customers could then be offered personalized promotions and 
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discounts based on their buying behavior thus improving customer brand loyalty. 

Reemphasizing the need for prior consumer research, the Prada case should serve as a 

warning to all retailers considering RFID deployment. Understanding consumer 

requirements and concerns prior to a large-scale investment by conducting pilot tests 

that could greatly protect brand image and save potential financial losses. 

 

7.3 Recommendations for Businesses – 3D Body Scanning Diffusion 

 Positive consumer responses for 3D body scanning applications based Rogers’ 

five factors indicated consumer acceptance of the technology. The Technology 

Diffusion Matrix (Figure 3) illustrates the need for increased business adoption for 3D 

body scanning diffusion in the apparel industry. Few industry pilots have been 

conducted for the deployment of 3D body scanning in apparel retail, deployment has 

been low due to high cost of the technology, lack of operational knowledge among 

sales staff and lack of long-term objective. While firms like Intellifit have collaborated 

with a group of retailers to recoup the cost of technology, it has been difficult for an 

individual retail store to deploy a 3D body scanner for consumer benefits. Individual 

stores need to collaborate with scanner stakeholders to collect empirical data or case 

studies on the potential cost savings in manufacturing, distribution and retail and 

quantify the overall benefits associated with the use of 3D body scanners. This data 

can also be collected through collaborative research with the academia that analyzes 

the overall impact of 3D body scanning in the apparel supply chain. Such work is 

already being done for RFID at the MIT Auto ID Labs (http://autoid.mit.edu/cs/) and 

the RFID Research Center at the University of Arkansas (http://itri.uark.edu/rfid) 

among others. These institutes simulate manufacturing and distribution center 

strategies to identify the logistical benefits and cost savings associated with RFID.  
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 Similarly, the use of 3D body scanning for mass customization would require a 

shift from traditional mass production practices to mass customized ones. The entire 

process of pattern making, pattern cutting and assembling would be altered from the 

traditional one. Since individual patterns would be required for each garment, pattern 

production would shift to an automated system with a need to work out the economies 

of scale for the process. Also, as pattern laying and cutting would be for one of a kind 

garment, single ply cutters would serve an important role. Careful tracking of each 

pattern piece would be essential since none of the pattern pieces generated would be 

interchangeable between two garments. This manufacturing setup would lead to 

reduced errors due to automation and lead to potential savings offsetting some of the 

lost economies of scale. 

 The integration of 3D body scanning within the existing distribution channel 

could play an important role in better forecasting for the upcoming seasons. Improved 

sizes based on the target measurements would allow retailers to identify the sizes that 

cater to a majority of consumers to reduce the overall inventory in a store, the 

inventory carrying costs in distribution centers and returns and non-sales due to fit 

problems. Empirical data on savings associated with manufacturing and distribution 

processes would allow businesses to incorporate these benefits during calculations for 

Returns on Investment (ROI) associated with 3D body scanning in apparel retail and 

lead to greater deployment. 

 With the deployment of 3D body scanners, businesses also need to reconsider 

the role of a sales associate within a store. Improved training of the existing sales staff 

on the use of the scanner would reduce the burden of recruiting additional staff to 

operate the scanner. Training sessions organized by scanner manufacturers would 

allow the sales staff to learn the operations involved and troubleshoot in case of 

scanner malfunction. Sales associates would also require training to answer any 
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consumer queries on health or privacy concerns associated with the scanner. Increased 

revenue associated with the role of the 3D body scanner as a marketing tool to attract 

new consumers within a store should be incorporated in the ROI calculations. 

Quantifying these benefits would lead to higher adoption of the 3D body scanner 

among businesses resulting in greater diffusion of the technology. 

 This study also identified target consumer segments interested in 3D body 

scanning. Retailers deploying 3D body scanning should focus on specific applications 

of the technology based on their target market. While Bodymetrics could afford to 

charge $500 for a pair of custom jeans based in luxury stores like Harrods and 

Selfridges in London, the same application would likely fail for an apparel retailer 

such as The Gap targeting middle-income consumers. Increased knowledge levels of 

3D body scanning among consumers through well trained sales staff and publications 

in popular media would also increase the consumer acceptance of the technology in 

apparel retail. 

 

7.4 Integrating RFID and 3D Body Scanning  

The Technology Diffusion Matrix (Figure 3) indicated the current state of 

diffusion of RFID and 3D body scanning. A retail scenario integrating the applications 

of RFID and 3D body scanning for mass customization has the potential to increase 

the overall diffusion of both innovative technologies and overcome the chasm to lead 

them towards the mainstream market. The documented savings associated with RFID 

deployment will lead retailers towards adopting this retail scenario while the high 

consumer acceptance of 3D body scanning applications and high level of means for 

RFID based on Rogers’ factors indicated in this study will lead to a greater overall 

acceptance by the consumer. Joachimsthlaer (2007) suggested the need for retailer 

innovation to create consumer advantage. The integrated scenario will serves as an 
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innovative solution to increase the consumer shopping experience while also 

appealing to businesses leading the technologies closer to the diffusion target (Figure 

4).  

 

 

 

 

 

 

 

 

 

Figure 4: Integrated RFID and 3D body scanning diffusion pathway 

 

7.5 Proposed Retail Scenario Integrating RFID and 3D Body Scanning 

 The results of this research showed that consumers were interested in garment 

tracking, smart cards, interactive trial rooms and faster POS applications of RFID and 

size prediction, custom clothing and virtual try-on applications of 3D body scanning. 

Certain respondents had concerns regarding shopping information being stored on 

RFID loyalty cards, while all were in favor of retailer disclosure regarding the use of 

RFID tags. Similarly, the majority of the respondents had privacy concerns with being 

scanned in their undergarments in a retail setting, while only a few were willing to pay 

a price premium for RFID and 3D body scanner use.  

Since laser and white light scanners cannot penetrate clothing, a millimeter 

wave 3D holographic scanner developed by Pacific Northwest National Laboratories 

(PNNL) presently being used by Intellifit (www.intellifit.com) for garment size 



 115 

prediction in apparel retail has been utilized in this scenario. This scanner takes only 

10-12 seconds to scan and does not require the consumers to take off their clothes as 

millimeter waves penetrate clothing but reflect off the body surface.  

The scanner will be set up in various public locations like shopping malls and 

commercial banks. Every person getting scanned will be eligible for a free RFID-

enabled credit card, referred to as the SmartCard in the retail model. A brief credit 

check or bank account details will enable our service to provide the consumers with a 

low or high credit limit credit card depending on credit score that can be used at most 

major apparel or footwear retailers. This SmartCard will store the customer’s body 

scan image, body measurements and previous purchase report on a high frequency 

RFID chip (operating at 13.56 MHz – as per Near Field Communication standards) 

usable as a contact-less credit card. This application will facilitate faster POS checkout 

as contact-less credits do not require the conventional swiping process and eliminate 

the need for a sales staff at the cash register. The consumers will have the option to 

view their scans and brand catalogues with fit advice at kiosks set up at various public 

locations, similar to ATM machines, and save a fixed number of garments per brand 

for future viewing, in-store or virtual try-on. They will also have the option to order 

garments directly from the kiosks. 

Collaborations with membership organizations like Visa or MasterCard and/or 

a prominent bank along with every major apparel retailer will create a revenue sharing 

business model similar to that of Intellifit, thus making the scanning process free of 

cost to consumers. The consumers will have the option to apply for the SmartCard 

from home, in case they do not wish to avail the benefits of 3D body scanning, and 

utilize the card as a contact-less RFID enabled loyalty card at apparel stores. This 

would allow them to enjoy the benefits of RFID such as garment tracking within a 

store, customized promotions and customer service based on past purchases, 
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interactive trial rooms and faster POS checkout without scanning options. These 

consumers would have the option of getting scanned at a later time to utilize the 

benefits of 3D body scanning such as custom clothing, size prediction and virtual try-

on. 

Partner apparel retailers will undertake item-level RFID tagging for inventory 

control, reduced shrinkage, increased visibility as well as mass customized services for 

consumers. The store will be alerted of the consumer’s presence with the aid of the 

scanners at the front door as soon as the consumer walks inside. The customer will 

then have two options: 1) configure or customize a garment size and style at the in-

store kiosk or 2) try-on previously saved garments.  

The first option creates a personalized shopping environment for the customer. 

The sales associate is informed of the customer’s pre-customized garment detail, who 

then approaches the customer for additional manual measurements, if required. The 

sales associate provides expert fashion advice and suggestions about other compatible 

garments and accessories. The customer has the option of an in-store pickup (in a 

week or two, depending on the store policy) with an option of try-on and further 

customization/alternation, or home delivery. The second option creates a mass 

customized environment in a ready-to-wear setting. The customer saves time spent in 

trial room as the body scan measurements allow the system to predict best fitting sizes 

in a particular brand. The sales associate is informed of the saved garments list, as 

confirmed by customer at the in-store kiosk, who immediately tracks the individual 

RFID enabled garments and provides them to the customer in very little time. This 

process will minimize the time spent in finding the right garments and drastically 

reduces the time spent in trying-on different garments. Optional RFID Magic Mirrors 

developed by Paxar and Thebigspace (Swedberg, 2006) inside the trial rooms can 
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create an interactive shopping environment for the customer and a promotional setting 

for the retailer.  

This integrated business model also promotes multi-channel retailing. A 

customization or garment selection process can be replicated in an online setting 

through product configurators and fit suggestions on a common website linking to 

individual brand websites. The SmartCard holders who are averse to the idea of giving 

out their body measurements can utilize the benefits of RFID-enabled card as a multi-

brand apparel loyalty card that can be utilized for faster checkout at POS, or fashion 

suggestions for online shopping.  

This integrated model is an example of one of many solutions to overcome the 

problems associated with the diffusion of RFID and 3D body scanning, but there is a 

possibility of low consumer acceptance of the model due to the privacy concerns 

associated with RFID and/or low business deployment due to the cost concerns 

associated with 3D body scanning. This threat can be overcome by step-wise 

integration of RFID and 3D body scanning as it will allow retailers to gauge consumer 

opinion and an opportunity to conduct further research on the process and its 

acceptance before full-scale deployment. Retailers concerned with the economies of 

scale associated with 3D body scanning deployment could initially try to restrict body 

scanning applications for ready-to-wear garments such as size prediction and virtual 

try-on as it would allow them to maintain mass production economies of scale in their 

manufacturing operations. Retailers could then generate empirical data on the cost 

savings in manufacturing associated with the custom clothing application of 3D body 

scanning before proving those benefits to their consumers.  On the other hand, low 

consumer acceptance due to privacy concerns associated with RFID could pose a 

threat to the diffusion of both technologies. Retailers in such a case could begin by 

deploying applications of RFID that pose minimal privacy concerns such as garment 
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tracking, faster POS checkout and interactive trial rooms for improved customer 

service. This could be followed by consumer surveys to understand specific concerns 

and providing optional loyalty cards for consumers with high levels of concerns. Step-

wise deployment starting with least cost intensive and privacy threatening applications 

could reduce the costs and time losses of a failed total deployment. 

 

7.6 Recommendations for Educators and Researchers 

 This study can be used as a foundation for other specific studies on the role of 

RFID and/or 3D body scanning as enabling technologies for mass customization in the 

apparel industry. Marketing and consumer researchers could conduct consumer studies 

focused on particular applications or issues related to the deployment of RFID and 3D 

body scanning and their impact on apparel retail. For example, exorbitant pricing often 

acts as a deterrent to mass acceptance of a technology and businesses are forced to 

discontinue or markdown the price associated with new technology deployment. 

Questions on the additional price that a consumer would be willing to pay for a 

specific garment and/or application of RFID or 3D body scanning would be of great 

use to the retailer. Operations researchers could further utilize such pricing 

information to create pricing models for retailers to maximize their profits and 

minimize costs for consumers by passing potential savings from the supply chain to 

the consumers. These models could then be extended to manufacturing and 

distribution to alter the overall strategy from mass production to mass customization. 

 Since prior level of knowledge was considered an important aspect of 

technology adoption, educators need to focus on strategies to improve the awareness 

and knowledge level among consumers. Articles from experts in popular newspapers 

and magazines identifying consumer benefits and refuting myths related to a 

technology could be written and disseminated for consumers. Brochures explaining 
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the technology in a non-technical language could be created and placed in stores using 

these technologies for improved awareness.  

 Further research towards commercialization of both RFID and 3D body 

scanning applications may be conducted. Before Intellifit in 2002, no other firm had 

commercially utilized the application of size prediction for 3D body scanning. 

Similarly, RFID closets and Magic Mirrors have recently deployed as new commercial 

applications of RFID. Researchers could collaborate with businesses to identify new 

applications of these technologies. Product design also plays a key role in consumer 

acceptance and the Apple Ipod exemplifies this best. Design researchers could develop 

new designs to increase the overall appeal of RFID and 3D body scanning 

technologies, serve as marketing tools for retailers and improve the ease of use for 

consumers. 

 This study utilized an online consumer survey describing the technology and 

its applications to the respondents. Other primary consumer research methods such as 

intercept survey, observation and interviews could be used to better understand the 

consumer interest and acceptance of these technologies. Intercept surveys at stores 

deploying these technologies would allow researchers to obtain first-hand opinion of 

consumer experience with the technology. A blind study observing consumer 

interactive experience with the technology within a store would generate unbiased 

results while interviews would allow in-depth questioning regarding certain aspects of 

the technology such as perceived risks and generate in-depth data for analysis.  

 Online surveys with a larger sample size would allow researchers to study the 

interaction between different variables and obtain statistically significant results. 

Larger sample size would allow researchers to split each independent variable into 

more specific sub categories with a sizeable number of respondents in each 

subcategory. This would ensure a higher possibility of finding statistically significant 
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results that could be generalized to the population. This research studied the effect of 

seven independent variables on consumer responses towards RFID and 3D body 

scanning. Other studies could utilize the same consumer survey and study the effect of 

other variables such as level of education, marital status and geographical locations 

among others. A study on the effect of geographical locations such as east coast vs. 

west coast or urban vs. rural locations on technology diffusion would allow businesses 

to identify the ideal location to deploy the technologies. For example, while stores in 

New York and California are often the first ones to deploy a new technology, there 

might be a greater demand for the same in a different location such as Minneapolis, 

the home of the largest mall in the US.  

 This research utilized Rogers’ theory of innovation diffusion to understand the 

diffusion potential of RFID and 3D body scanning in apparel retail. Researchers could 

evaluate other consumer-centric technologies using Rogers’ theory as their 

framework. Other theoretical frameworks such as the Technology Acceptance Model 

(TAM) that studies consumer acceptance of a technology based on “perceived 

usefulness” and “perceived ease of use” or Theory of Reasoned Action (TRA) that 

utilizes three general constructs – “behavioral intention, attitude and subjective norms” 

to understand consumer behavior (Juban & Wyld, 2004) could be utilized to study the 

consumer acceptance of RFID and 3D body scanning to confirm the results obtained 

from this research. This research focused on the persuasion stage of the innovation-

decision process and studied the effect of independent variables on the five factors that 

influence innovation acceptance. Other research studies using Rogers’ theories could 

focus on the different stages of the innovation-decision process such as knowledge 

stage or the implementation stage, or on a single factor for innovation diffusion such 

as simplicity depending on the aim of their study. Research on the knowledge stage 

could study the effect of different communication media on consumer understanding 
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of RFID or 3D body scanning based on consumer segments. This could then be 

evaluated by using questions on simplicity as a single Rogers’ factor. This would 

enable businesses to utilize simple and comprehensive means to educate the consumer 

about the technology. Another study could evaluate the observability of RFID and/or 

3D body scanning applications to find means to make latent benefits such as inventory 

management more noticeable for the consumers. Such studies would provide means 

for businesses to make the benefits of the technologies easier to understand and more 

discernable in order to cross the chasm.  

 Technology diffusion plays a vital role in improving consumer options and 

enabling information transfer within the apparel supply chain for mass customization. 

Among other applications, RFID has the potential to transfer information in real-time 

while 3D body scanning can help consumers to improve size and fit options based on 

their body shapes. Integrating these technologies in the retail setting for improving the 

consumer shopping experience could truly transform the apparel industry. 
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APPENDIX 1 

SURVEY QUESTIONNAIRE 
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APPENDIX 2 

SURVEY INVITATION EMAIL 

 

Subject line: Survey: New technologies in apparel retail 

----------------------- 

Details of today's survey: Radio Frequency Identification (RFID) and 3D body 

scanning are upcoming technologies that are taking the apparel retail industry by 

storm. The survey aims to understand consumer perspective towards the benefits and 

drawbacks of these technologies. 

 

Topic: Technology Diffusion in Apparel Retail 

Reward: An Instant Win game play and an entry in the $25,000 sweepstakes. 

Survey length: 15-20 minutes. 

Click this link to start: 

http://ws.cit.cornell.edu/ss/wsb.dll/102/survey1.htm?paction=resume&index=0 

 

Your opinion makes a difference. Thank you for taking part. 

Questions? Please reference survey number 655261 
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APPENDIX 3 

OPEN ENDED FEEDBACK RESULTS 

 

Age Sex 
Household 

Income 
Shopping 
Frequency 

Shopping 
Attitude 

Tech 
savvy 

Feedback 

50 Male 80K+ 
3 months 

or less 
Like a little No 

good informative information,I 
enjoyed learning about this 
technology. 

24 Female Under 60K 
3 months 

or less 
Like a lot No 

Can't wait until this technology 
becomes a reality for me! 

31 Male Under 60K 
2-12 

weeks 
Like a little Yes 

I think the airport is using 
something similar to the 3D 

body scanning. They do not 
need to take off their clothes at 
the airport.  There might be 
better technology available. 

49 Female 60-80K 
2-12 

weeks 
Like a little No 

I am very excited about this. 
Look forward to more about it. 

50 Female 60-80K 
2-12 

weeks 
Like a lot Yes sounds very cool !& good luck ! 

46 Female 80K+ 
2-12 

weeks 
Neutral Yes 

This survey was very iteresting 
and fun to complete. 

45 Male 60-80K 
3 months 

or less 
Like a little Yes 

I'm wondering what happens 
when someone wearing a 
previously purchased RIFD 
product enters a store using 
RIFD. 

47 Female 60-80K 
3 months 

or less 
Like a lot Yes 

This was very interesting, I 
hope it is successful and not to 
costly. 

48 Male 80K+ 
Every 2 

weeks or 
more 

Like a little No It was fine 

50 Female 80K+ 
2-12 

weeks 
Like a lot No 

I found these products quite 
interesting. I normally don't like 
to see my body in a mirror 
because mirror images alot of 
times, make you look larger 
than you are.  Plus they show 
the real you sometimes too.  
The body scanner would make 

me feel a little awkward about 
seeing my body like that.  I'd 
have to get used to it.  The 
benefits of it sound fun and 
interesting, but I'm not sure I'd 
like to pay a premium for it 
since I'm so cost conscious all 
the time.  I see where the 

upper class women would 
benefit from it the most. 
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49 Male Under 60K 
Every 2 

weeks or 
more 

Like a little No 

Very interesting--I will resist 
RFID as long as I possible can-
I believe that the technology 
has a great power for abuse. 

28 Male 80K+ 
3 months 

or less 
Like a lot Yes ID LOVE A SAMPLE 

40 Female 60-80K 
Every 2 

weeks or 
more 

Neutral No 

I found this to be a very 
intesting survey and hope they 
can accomplish there goal to 
do this in all stores. 

48 Female 80K+ 
2-12 

weeks 
Like a lot Yes 

Interesting concept - I would 
like to "secret shop" locations 
using these technologies as a 

novice to see how "user 
friendly" they really are. I like 
that as the retail clothing 
industry moves away from on 
site sales associates and/or 
centralizing sales islands, you 
can actually get some form of 
help with these technologies. 

43 Male 60-80K 
Every 2 

weeks or 
more 

Dislike a 
lot 

No 

I work for a company that 
currently uses RFID technology 
(consumer manufacturer). I 
beleive that it has been very 
ueful for inventory and demand 
management. 

24 Male 60-80K 
3 months 

or less 
Like a little Yes 

there is a big concern with the 
tracking device in clothing once 
it leaves the store. who will be 
able to track the clothing then? 
that could cause a big problem 
with stalkers and such. 

48 Male 60-80K 
3 months 

or less 
Like a lot Yes 

Please send an the results of 
this study  st333@cornell.edu I 

am  interested! I would like to 
express my only concerns 
involve the security of this 
system and what personal info 
is stored and how. I a;so would 
like to say recommendation are 
a good idea for some but for 
me I prefer to choose myself. 

43 Female 80K+ 
Every 2 

weeks or 
more 

Neutral Yes 

I dislike the RFID technology 
as I don't want more waves or 
frequencies around me that 
there are already. I have 
friends with medical appliances 
which have problems with 
certain types of waves and am 

concerned that it could be an 
issue. I like the option of 3D 
technology. 

49 Male 80K+ 
2-12 

weeks 
Neutral No Interesting survey 



 142 

45 Female 60-80K 
Every 2 

weeks or 
more 

Dislike a 
little 

No this is really neat 

29 Female 60-80K 
2-12 

weeks 
Like a lot Yes 

Very interesting survey.  I didn't 

realize that such ideas were 
being considered, but I hope 
they get adopted. 

46 Female Under 60K 
Every 2 

weeks or 
more 

Like a little Yes 

interesting study, the way 

tecnology is changing is 
somewhat scary. would love to 
see the results. 

44 Female 60-80K 
Every 2 

weeks or 
more 

Like a little No 
I look forward to this coming 
out. 

45 Female Under 60K 
Every 2 

weeks or 
more 

Like a lot No 

This is extremely frightening 
given the security risks 
involved and the levels of 

personal privacey being 
infringed upon.  I am VERY 
opposed to this. 

39 Female Under 60K 
3 months 

or less 
Neutral No 

Are RFID tags EVER 

deactivated, like soft-tags 
(security tags embedded in 
seams or on tags) are when 
passed over a sensor pad?  I 
seem to recall that RFID is 
NOT something that is ever 
deactivated, which is rather Big 
Brotherish.  Potentially, we 
could all be tracked by our 

RFID tags!  :( 

39 Male Under 60K 
3 months 

or less 
Neutral Yes 

I would be somewhat 
interested in the results of the 
RFID portion of this survey.  I 
wonder how many people think 
about all the extra radio waves 

that are being used with this 
technology, and their effect on 
a person. 
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