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Abstract—Technological advancement has evolved the way business is conducted. Companies around the globe venture into ecommerce to reach more customers apart from the traditional retails and marketing approaches. Nowadays, almost everything could
be found sold via the internet regardless of size, usage, price and etc. The challenge of e-commerce channel is coming from its inability
to provide a practical ways in giving the customers the sense of trying before purchase which is crucial for some product type namely
clothing. This paper presents the issues in the e-commerce clothing industry, namely fitting issues and problems encountered in
existing Virtual Fitting Room (VFR) applications. These issues include usability and lack of a profound emotional stimulant within
existing applications. A systematic procedure of searching related literature on VFR is done based on several identified criteria from
the established online repository. The extensive search result is then filtered based on the identified criteria once again to obtain the
suitable model to be further studied. This study reviewed five VFR-related models, with the results confirming the issues of usability
and profound emotional elements in each model. This study also proposed a new VFR model based on the Unified Theory of
Acceptance and Use of Technology (UTAUT), which consists of usability and profound emotional constructs. These elements were
mainly included to solve the identified problems and to provide guidelines for a design solution, which is usable, useful, and delightful.
Keywords— kansei engineering; usability; virtual fitting room.

Previous research identified that misfit cases within online
platforms could be reduced by introducing a Virtual Fitting
Room (VFR) [6], [9]. Industrial players, namely Zugara,
Fits.me and Youfitinit has been developing VFR for
commercial use that could improve online shopping
experience as well as provide a useful tool for selecting the
right clothing size [10], [12]. These VFR applications are
found to be useful for both online retailers and customers,
but some usability issues must still be solved, as suggested
by Randall [13]. Clothing retailers stand to gain an added
advantage from implementing any of the mentioned
solutions. However, improvement is needed especially
regarding usability [13]. Unsatisfactory 3D images,
inappropriate interface design, and inability to process
extreme user body measurements are some of the usability
issues that have been identified [13].
Furthermore, emotional stimulant, which is one of the
determinants for an application to become emotionally
accepted, is still not evident, as found from a study on
existing VFR applications based on the Kansei Engineering
(KE) technique [14]. Hence, this study aims to identify the
research gap in existing VFR-related models specifically
focusing on usability and emotion and thus propose a VFR
model based on the two constructs. These two constructs are

I. INTRODUCTION
The e-commerce platform has become one of the main
determinants of the way people spend their money and how
companies conduct their business. According to an
eMarketer research report, the e-commerce industry will
enjoy consistent growth from 18% to 25% every year with
the worldwide transaction set to reach 4 Trillion USD by the
year 2020 [1]. The rapid expansion of this industry brings
benefits for both business and online customers, but there is
still one aspect that could be amended to maximize the
potential of the e-commerce platform. Prior researchers have
identified that online clothing retailers need to handle
approximately 30% to 40% product returns due to customers
purchasing incorrect item sizes [2], [3]. This return process
is costly for the business. In 2016, the process cost ecommerce companies USD 62.4 billion [4]. Sixty-nine
percent of online clothing customers had experienced misfit
issues at least once in their lifetime [5]. In the same study,
the return costs for incorrect clothing size must be borne by
the customers, and this happens 60% of the time misfit cases
are reported [5]. This finding could indicate that misfit issues
are a severe problem among online clothing retailers and
customers.
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have other supporting elements, which are efficiency,
effectiveness, freedom from risk, and satisfaction.
• Appropriateness recognizability: a condition where
the user can recognize how a system or product could
appropriately fulfill their needs.
• Operability: a condition where a product or a system
could be operated and controlled without much effort
and less difficulty.
• User error protection: a condition where a system or a
product could proactively protect users from making
unwanted errors.
• User interface aesthetics: a condition where a system
or a product could provide a useful and attractive user
interface to enhance user satisfaction.
• Accessibility: a condition where the maximum
variety or potential users could utilize a system or a
product without neglecting their main usage objective.
Taking usability into consideration for a system or
product development could give an added advantage for both
users and developers. Among the direct benefit for users is
an efficient and effective user experience, while developers
would be more efficient in producing a particular solution
[28]. Applying usability within the development process
could also reduce training-related cost, as the system would
be easy to use. It would also minimize the need for
reworking after project rollout [29], [32]. The direct and
indirect effects of usability implementation from previous
research are illustrated in Table I below.

expected to positively influence the buying decision among
online customers as well as provide the best user experience
for customers, which will culminate in a delightful
experience for all [15].
A. Virtual Fitting Room
One of the best solutions for solving online fitting issues
is the Virtual Fitting Room (VFR) [6], [9]. The main aim of
VFR is to adopt an actual fitting room concept in an online
platform. Using VFR, consumers will be able to pick their
right clothing size when purchasing from online retailers.
As mentioned above, many studies have identified VFR
as a promising method for online consumers to ‘try’ their
clothing online [6], [9]. The actual fitting process is
translated into multimedia representation in the form of
simulation in order to help customers find their correct
clothing size. Three types of VFR applications have been
identified, as follows:
1) 3-Dimensional (3D) VFR: This approach uses a 3D
humanoid model to represent the customer. Customer’s body
measurements are taken as input to produce the humanoid
3D model, and then the best clothing size based on the input
is suggested [10], [11].
2) VFR solution: This form that inputs and
automatically detects customer body points based on a
Kinect sensor to calculate the right clothing size for that
particular customer [12].
3) VFR solution: This solution utilizes webcam
technology to capture the user’s image. The image captured
by the webcam will be overlaid with the clothing image. The
system will suggest the right clothing size when the user’s
picture matches the clothing image on screen [12].
In general, VFR applications can be categorized into
two— immersive and non-immersive. A VFR application
that deploys advanced simulation and technological
techniques could give users the feeling of immersion, which
is the feeling close to a realistic setting [16]. In the case of
non-immersive VFR, the stimulant from the application is
still acceptable with minimal sensation from the system [17],
[18]. Based on a direct comparison of these 2 VFR
categories, there is no doubt that the immersive VFR
solution is the best solution, as it considers the interaction
value that can be obtained by the users. Commercializing an
immersive VFR solution would be a great challenge since
this kind of solution requires the usage of technological
devices, which are less accessible due to cost and practicality
[19], [20]. Therefore, when providing a VFR solution, which
could benefit all potential users, a non-immersive technique
must be considered [22].

TABLE I
USABILITY SUCCESS FINDINGS

Domain/
Application
e-commerce

General
computer
application
General
computer
application

B. Usability
Previous researchers agree that usability is built from
major elements, which are efficiency, effectiveness, and
satisfaction of the users [23], [26]. This usability definition,
which was defined by ISO9241-11, was still the main
reference until ISO IEC25010:2011 was published in 2011.
ISO IEC25010:2011 introduces six usability characteristics
to strengthen the older concept, which is as follows [27]:
• Learnability: a condition where a system or a product
is usable for a target group of users to achieve their
identified goal. The learnability characteristic must

General
computer
application
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Empirical Findings

Reference

• Increased sales through the use
of usability as a tool in sales
and marketing
• Reduced development costs
through usability, keeping the
customers out of the
development
• Increased customer satisfaction
• Increased (recurring and
redesign related) development
costs
• Increased user performance in
obtaining the desired effect or
objective
• Great return on investment
through usability and human
centered-design implementation
• Increased product/application
quality
• Less need for customer/end user
support
• Increased customer/end-user
productivity
• Increased conversion rate,
which is an indicator that a
system is usable and well
accepted by new and existing
users
• Increased return on investment
and organizational profit
• Reduced operational cost due to

[28]

[29]

[30]

[31]

Fitness
application

lesser issues from the users
• Improved perception through a
positive experience that will
lead to recurring visits and
purchase
• Increased user performance in
completing exercise/fitness task
correctly
• Increased user satisfaction level

Journal Article Repository) were used to conduct the
literature search for a similar model. Keywords such as
“Virtual try on model,” “Virtual Fitting Room,” and “Virtual
Fitting Room Model,” were used to search for a compilation
of related studies on the VFR model. Only 43 publications
and articles were picked up from the extensive list of search
results. After another screening process, only five articles
were picked up, which consisted of journals, conference
papers, and theses. The process of selecting and screening
the articles was made based on the following criteria [43]:
• It must involve an investigation on technology
• It must involve empirical testing of the developed
model
• The relationship between constructs are reported
• The sample size of the investigation is reported
• The research and publication of the article is done after
the introduction of the theory
Among the considerations for making comparisons
between the VFR-related models include identifying the
theoretical model, the list of constructs and the definition of
each construct, and how these constructs are related to each
other. Through these activities, the research gap and the
ideal reference model could be identified. Therefore, an
improved or new VFR model could be proposed at the end
of the process.

[32]

C. Kansei Engineering
Kansei Engineering (KE) is a technique involving product
or system development that considers emotion within its
process to ensure the user’s emotional satisfaction [33]. The
word Kansei Engineering or KE is rooted in the Japanese
word Kansei, which means emotion, as this concept
originated from the Japanese researcher Mitsuo Nagamachi
in 1970 [33]. Through Kansei Engineering, the user’s
perception and feeling will be identified via a checklist and
an analysis will determine the quantitative relationship
between the response and design features [34]. According to
KE-related researches, there are three major procedures
involved [22-42]:
• Using Kansei words to gather subjective feelings
towards a system or a product.
• Identifying the Kansei elements using a statistical
approach.
• Translating the identified Kansei elements into design
features.
A product or system that has undergone these processes is
expected to be able to impress the target users emotionally,
as the design features will elicit profound emotion from
them [33], [34]. Users or potential customers who are
emotionally engaged with the product will take further
action including making purchases from the seller and
becoming one of their loyal customers [33], [34]. The
identified potential could benefit the companies that run
businesses based on product sales.

III. RESULTS AND DISCUSSION
Understanding existing VFR-related models and their
theoretical guidelines is important in order to tackle the
earlier identified issues on usability and profound emotion.
Through this understanding, the research and development
gap could be recognized, and a proposed improvement could
be implemented. The following subtopic will discuss the
findings from the VFR-related models.
A. Augmented Reality and Motion Capture (ARMC) Model
In this study, the Value-Attitude-Behavior hierarchy
consumer decision model and the Prospect Theory was
implemented to develop the ARMC Model [44]. ValueAttitude-Behavior outlines the type of values that could
influence human behavior, whereas human behavior and
scenario-based decision-making underline the Prospect
Theory [44]. The ARMC model was developed to validate
the research hypotheses regarding why online shoppers use
virtual dressing rooms. The relationship and definition of the
six constructs in the ARMC Model are shown in Figure 2
and Table II, respectively.

II. MATERIAL AND METHOD
The methods used to collect data in this study are briefly
explained in this section.
A. Related Model Study Selection
A systematic approach is required to search for related
articles with a similar model to this study for comparison
purposes. The major databases such as the ACM database
portal, Google Scholar, EBSCO, IEEE, and UJAR (UKM

Monetary
Value
Convenience
Value
Emotional
Value

Ego
Involvement
Utilitarian
Performance
Expectancy

Usage
Intention

Hedonic
Performance
Expectancy

Social
Value

Cognitive
Effort

Fig. 1. ARMC Model
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TABLE II
ARMC MODEL CONSTRUCT’S DEFINITION

Construct

An empirical study of the ARMC Model revealed a
negative relationship between Usage Intention and Social
Value, Emotional Value, Monetary Value, and Convenience
Value. Furthermore, a positive relationship was discovered
between Usage Intention and Utilitarian Performance
Expectancy.

Definition

Monetary Value
Convenience Value
Emotional Value
Social Value
Utilitarian
Performance
Expectancy
Hedonic
Performance
Expectancy

The value of package and service as
seen by the customers/potential
customers
Time and effort convenience/value
The product/service that stimulates
feelings
The sense of acceptance in society from
the social connective value
The feeling of trust that a technological
solution could assist the users in
performing their task effectively
The belief that user effectiveness when
performing a task is attributed to an
enjoyable experience from using
technological solutions

B. Online Virtual Fitting Room Model
The UTAUT (Unified Theory of Acceptance and Use of
Technology) model and the perceived risks of an ecommerce transaction model were used to develop the
Online Virtual Fitting Room model [45], [46]. The
constructs, which were introduced to understand the model’s
relationship with usage intention, are Perceived Risk,
Security Concerns, Facilitating Condition, Performance
Expectancy, Effort Expectancy, Social Influence, and
Privacy Concerns. An illustration of the Online Virtual
Fitting Room Model and its definition are explained in
Figure 2 and Table III, respectively.

Performance
Expectancy
Privacy
Effort
Expectancy
Usage
Intention

Perceived
Risk

Social
Influence
Security
Concerns
Facilitating
Conditions
Fig. 2. Online VFR Model
TABLE III
THE DEFINITION OF ONLINE VFR MODEL CONSTRUCTS

Construct
Performance Expectancy
Effort Expectancy
Social Influence
Facilitating Condition
Perceived Risk
Privacy Concern
Security Concern

Definition
The expectation that online VFR usage would translate to enhanced business performance and
improvement in service quality while saving cost, time, and effort
A construct that indicates the online VFR’s ease of use
The opinions and recommendations of third parties, which will influence whether or not the
user will adopt the VFR and purchase from the online retailer
A construct that indicates whether or not the user received support, resources, or knowledge
when using the online VFR
The risks and uncertainty that the online VFR usage poses such as possible monetary or data
loss
The user’s concern or fear of how the VFR application will handle and use their data
The user’s concern about security when conducting transactions online.

C. Augmenting Purchase Intent Model
Schwartz developed an Augmenting Purchase Intent
Model to understand the impact of Image Interactivity
Technology (IIT) implementation on user attitude and
Purchase Intent [47]. The constructs of this model are clearly
explained in Figure 3 and Table IV.

The empirical study shows that six constructs— Perceived
Risk. Performance Expectancy, Effort Expectancy, Social
Influence, Privacy Concerns, and Security Concerns—
influence user intention when using the online VFR. The
foremost construct with the most influence on user intention
is the perceived risk construct, which comprises privacy,
information safety, and security [45].
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Attitude
Image
Interactivity
Technology

Purchase
Intent

Telepresence
Product
Knowledge

Tech aversion
past
ownership
visual
processor

Fig. 3. Augmenting Purchase Intent Model
TABLE IV
THE DEFINITION OF AUGMENTING PURCHASE INTENT MODEL CONSTRUCTS

Construct
Image
Interactivity
Technology (IIT)
Telepresence
Attitude
Product
Knowledge

intention was found to be irrelevant even when using the
same stimulant (augmented reality).

Definition
The use of augmented reality in an online
retail environment

D. Virtual Product Experience Model
The Technology Acceptance Model (TAM) and Perceived
Risk Theory were the main references for developing the
Virtual Product Experience (VPE) in a previous work [48].
The developers of this model aimed to understand the
relationship between body satisfaction and attitude and its
correlation with other online purchase intentions or
otherwise. Body Satisfaction and Attitude towards Product,
Perceived Enjoyment of VPE, Perceived Usefulness of VPE,
and Product Performance Risks are some of the VPE
constructs. The VPE model and its constructs are explained
in Figure 4 and Table V.

A feeling of being elsewhere created by
the use of augmented reality technology.
The feeling towards a particular product
or service
Understanding that particular product or
service

The empirical result of this model study shows that
customer purchase intention influenced by the use of IIT is
strongly correlated to customer attitude. However, the
correlation between product knowledge and purchase

Information
Search
Intention
Online

Perceived
Usefulness
of VPE

Body
Satisfaction

Product
Performance
Risks

Attitude
toward
Product

Perceived
Enjoyment
of VPE

Purchase
Intention
Online

Fig. 4. VPE Model

TABLE V
THE DEFINITION OF VPE MODEL CONSTRUCTS

Construct
Body Satisfaction
Perceived Usefulness of VPE
Perceived Enjoyment of VPE
Product Performance Risks
Attitude towards Product

Definition
The user’s feeling regarding his or her appearance such as body shape and size
The condition where a person believes that using a specific system would boost his or her
job performance
The condition where a person believes that a system does not require effort and is
enjoyable to use
Feelings of doubt and uncertainty that could yield negative outcomes
Reaction towards a product or brand, either positive or negative
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From the experimental results, it is found that body
satisfaction plays a significant role in influencing the
purchase intention of online customers. Apart from that, the
VPE empirical result also signifies that user enjoyment also
has a positive impact on purchase intention. To maximize
the impact of a virtual product, the researcher suggests the
use of interactive and hedonic features to reduce the weight
age of body satisfaction [48].

E. Online Shopping Acceptance Model
An Online Shopping Acceptance Model (OSAM) was
developed based on various possible theoretical models, but
finally, only the Technology Acceptance Model (TAM) and
traditional retail and marketing theories were taken into
consideration [49]. The OSAM model intends to understand
the level of acceptance of customers when shopping online.
All OSAM constructs are explained in Figure 5 and Table VI.

Sh o pp in g
M otivatio n

O n lin e
Exp erie n ce

In n o vativeness
Intern et
Exp erience
Pe rce ived
O u tco m e

Attitu d e

Co n su m er
D e m o grap h ic

O n lin e
Sh op p ing
Inte ntion

Sh op p ing
O rie ntatio n

O n lin e
Sh o p pin g

N orm ative
B eliefs

Satisfactio n

Fig. 5 OSAM Model VPE Model

TABLE VI
THE DEFINITION OF OSAM MODEL CONSTRUCTS

Construct
Perceived
Outcome
Shopping
Orientation
Online Experience

Shopping
Motivation
Satisfaction
Consumer
Demographic

literature on VFR-related models, it can be observed that
usability was only touched on superficially, while profound
user emotions were not addressed at all. Only one study on
the OSAM model, which listed the satisfaction construct,
discussed the aspect of usability [49].
Nevertheless, the study did not correctly use satisfaction
from a usability point of view. ISO 9241-11:1998 defines
satisfaction as having a positive attitude towards a product
and having freedom from discomfort [23], i.e. the pleasure
that a user gets from using a system or product is called
satisfaction. Therefore, when usability is considered, the
bare minimum aspects that should be discussed are
satisfaction, effectiveness, and efficiency. Also, for
developing a model in future works, accessibility,
learnability, operability, recognizability, user error
protection, appropriateness, and user interface aesthetics,
which are six other aspects of usability, should also be
considered as factors in the usability construct. The ARMC
model provided the best attempt at including an emotional
element out of all the five models discussed, with the
introduction of the ‘Emotional Value’ construct.
However, this construct only focused on the current state
of user emotion either after or while using a product, which
is not even close to the true objective of profound emotion.
The actual definition of profound emotion arises from a
much more comprehensive state, which is a combination of
emotional, social, behavioral, sensing, intellectual/cognitive,
and spiritual experiences [37]. A profound feeling is defined
as the harmony between various aspects of the mental state:
sentiment, emotion, and knowledge [37]. Therefore, taken

Definition
Possible outcome perceptions taking the
form of negative or positive behavior
One element of the lifestyle of the
consumer affected by gender and
individual belief
User experience as a result of using a
system, which has a strong relationship
with interface design and the system
overall
This motivation is driven from the user’s
perception of a system’s usefulness.
The feelings that the user felt from
previously shopping online
The background of consumers that will
affect their online shopping intention
such as Internet experience, age, and
education.

The construct relationship within the OSAM model is
reported based on previously done research, which shows
that all constructs have a significant correlation with the
usage intention of users. From this study, it is also found that
the stimulation made through all constructs is an effective
way to attract purchase transaction.
F. Results Discussion
As mentioned earlier, current VFR solutions face issues of
profound emotion from the user’s perspective, as well as
usability issues. Therefore, this section discusses these issues
in more depth with a focus on existing models. Based on the
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simply, a profound emotion is the feeling a user has when
perceiving, seeing or using a product for the first time.
The VFR-related model would greatly benefit from
applying usability and profound emotion, as each has its own
strength to add to the advantages of the model. The solution
provider and the users would benefit from applying usability,
which is an increase in value and monetary gains [50].
Various works have also pointed towards a system gaining
strong continuous usage and purchase intention as a result of
good perceived usability, as it is one of the main factors
influencing user satisfaction [51], [54]. Once a buyer is
emotionally engaged, the probability of the user purchasing
a product would be higher, which is the aim of profound
emotion [55]. Moreover, studies have also found that
customers make decisions based on emotions, especially
when shopping online [4], [56], [62]. Therefore, future
developments of the VFR model would strongly benefit
from including profound emotion and usability as part of the
model constructs.
G. A Proposed Virtual Fitting Room Model
Based on the previous findings and discussions, it is
important to integrate the elements of usability and profound
emotion in future VFR models. The proposed model is based
on the Online Virtual Fitting Room Model, which was

introduced by Huang and Qin [45]. This model was selected
as the reference model for this study based on the following
rationalizations:
The reference model is used in the same context of the
application, which is the virtual fitting room. It is suitable for
online use and introduces new technology to encourage
usage intention. This should be a critical consideration as
online clothing customers are not very familiar with the VFR
solution. The Unified Theory of Acceptance and Use of
Technology (UTAUT)—an improvement from the
Technology Acceptance Model (TAM)—was used to
develop the reference model. Besides that, the UTAUT also
includes seven other theories, which are the Theory of
Reasoned Action (TRA), the Socio-Cognitive Theory (SCT),
the Model of PC Utilization (MPCU), Theory of Planned
Behavior (C-TAM-TPB) Model, Combined TAM and the
Innovation Diffusion (ID) theory, Theory of Planned
Behavior (TPB), and the Motivational Model. The empirical
result of the reference model found that six out of the seven
constructs positively influenced the usage intention among
users. It also shows that the constructs of the reference
model are valid and must be retained in the newly introduced
VFR model.

Performance
Expectancy

Effort
Expectancy
Privacy
Social
Influence
Usage
Intention

Perceived
Risk

Facilitating
Conditions
Security
Concerns
Usability

Legend
Proposed
new construct

Emotion

Fig. 6. The proposed VFR model

satisfaction, while the emotional construct relates to positive
emotion as well as positive perception. The definitions of
both constructs are explained in Table VII.
TABLE VII
PROPOSED USABILITY AND EMOTION CONSTRUCT DEFINITION

Construct
Usability

Emotion

Fig. 7 Usability and Emotion constructs of the proposed VFR model

Referring to Figure 7, the usability construct comes with
three determinants, which are effectiveness, efficiency, and
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Definition
The aspect of the system that prioritizes the user’s
best
experience
regarding
effectiveness,
efficiency, and satisfaction. The application must
emphasize
learnability,
error
prevention,
recognizability, accessibility, aesthetic interface,
and system operability.
The perceived emotional feeling as the user looks
at and sees the VFR application. The application
must be able to stimulate the user’s positive
emotion and perception towards the application.
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[17] Okeil, A., “Hybrid design environments: Immersive and nonimmersive architectural design,” Electronic Journal of Information
Technology in Construction, 15(March), 202–216, 2010.
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review of evidence from randomized controlled trials,” European
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These two constructs are expected to positively influence
the usage intention of the VFR application, which then
stimulates the user’s feeling that the application is usable,
useful, and delightful apart from the existing factors
contributed by the other constructs.
IV. CONCLUSION
Fitting issues in the online clothing industry have
negatively affected both business owners and customers in
monetary or non-monetary ways. Even though there is a
technological solution that addresses this issue, namely the
Virtual Fitting Room, it will not be able to prevent misfit
cases if the online customers are reluctant to use the
application. Therefore, the issues and limitations of existing
VFR applications must be solved comprehensively, and
improvements to the model’s usability and profound
emotional constructs undertaken. For future work, the
proposed VFR model must be tested and verified to ensure
that it is attractive enough to influence usage intention and
most importantly is usable and emotionally satisfying for
users.
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