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Abstract 
This study aims to derive the factors for evaluating usability of virtual reality (VR) contents. As we are 
living in the era of 4th industrial revolution, the technology is developing at a rapid pace. In connection 
with this change, the VR technology became a hot topic in the Information Communication Technology 
(ICT) field in recent days. It gives us unconventional experiences which we have not experienced 
before. In this regard, many global companies are investigating on developing the VR technology. 
Meanwhile, there are many studies which seek for improvements for VR usability. The preceding 
studies suggest various ways of evaluating VR usability. By this reason, we intend to simplify the 
evaluation factors of VR usability. Thus, the purpose of this study is to derive the usability evaluation 
factors for VR contents from the preceding researches so as to utilize on further developments of 
evaluating VR usability. The method of the study is as follows. First, we examined the definitions of 
usability and VR and derived the usability requisites of VR. Next, we limited the scope of the study by 
the criteria set in this study. Third, the process of supplementation and verification was conducted 
through comparison with the requisites derived from this study and the usability evaluation factors of 
the preceding studies. Some minor factors have been discarded according to their importance. The 
remaining ones are integrated into several factors, according to their similar characteristics. As a 
result, we could unite and simplify the usability evaluation factors for VR usability. The factors are 
simplicity, convenience, and flexibility. The new factors are expected to be applied in actual in the 
following researches for further developments of VR usability. This study can be considered as a 
transitional procedure for further researches of improving VR usability. It is expected that this study 
would contribute to provide general evaluation factors of VR usability. Additionally, it will serve as a 
basic reference data for further studies improving VR contents’ usability. 

Keywords: Virtual reality, Usability, Evaluation Factors. 

1 INTRODUCTION 

1.1 Background and Objective 
This study aims to derive usability evaluation factors of virtual reality (VR) contents. In modern society, 
technology is developing rapidly. The world has been entering the so-called era of the 4th industrial 
revolution. In this regard, VR technology is one of the fastest-growing issues in the recent area of 
information and communication technology. The VR technology facilitates fresh experience that we’ve 
never had so far. Major companies in the world are putting efforts into developing VR technology and 
a lot of relevant studies are underway. Especially, the studies on the improvement of VR usability 
present a variety of evaluation methods. This study is, therefore, focused on making a contribution to 
the evaluation and the improvement of VR contents usability by integrating and simplifying 
complicated and diverse VR usability evaluation factors and extracting new VR usability evaluation 
factors. 

2 METHODOLOGY 
To begin with, the definition of usability was considered and usability evaluation factors were simplified 
by comparing with the existing usability evaluation models and analyzing. Additionally, the definition of 
VR was considered and requisites of VR usability were obtained by adding the concept of presence 
for conceptual complementation. The next process was to select the previous studies on VR and 
usability and to set the scope of research, according to the conditions in order to supplement and 
verify by comparing with the evaluation factors of the previous studies selected. 
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2.1 Usability Model Review 
The International Organization for Standardization (ISO) defines usability in ISO 9241-11 as an "extent 
to which a system, product or service can be used by specified users to achieve specified goals with 
effectiveness, efficiency and satisfaction in a specified context of use [3]". 

Then what about the research on usability evaluation? There are many different studies on usability 
evaluation. In particular, the study by Harrison et al. (2013) is a good instance to examine usability 
models[2]. This study mentions three cases as usability models. First, as shown in the definition 
above, ISO model is classified into three factors; Effectiveness, Efficiency, and Satisfaction[3]. Nielsen 
identified five attributes of a usability model; Efficiency, Satisfaction, Learnability, Memorability, and 
Errors[8]. On the other hand, People At the Centre of Mobile Application Development (PACMAD) 
classified usability into seven factors; Effectiveness, Efficiency, Satisfaction, Learnability, 
Memorability, Errors, and Cognitive load[2]. This is indicated in the following, Figure 1. 

 
Figure 1. Usability Model Relations 

As shown above, there are differences in individual usability models. Besides, it is ambiguous to 
distinguish characters or boundaries among them. We are interested in making this simpler. Firstly, 
Efficiency and Satisfaction are contained in all the three cases. Considering that Nielsen did not 
include Effectiveness, there is a room for argument. Nielsen and PACMAD segmented the usability 
models in more detail, while ISO classified the model into three factors. Both of the cases include 
Learnability, Memorability, and Errors and PACMAD added Cognitive load. To begin with, Learnability 
and Memorability are associated with the easiness to learn and memorize. Cognitive load takes on a 
similar character. A big cognitive load may mean that there are a lot of contents that users must 
accept. In order to improve these three issues, simplicity during use is important. Effectiveness and 
Efficacy are a matter of how effective and efficient it is to perform a task. Once the task performance 
process is simplified, this can be improved. Thus, these can be integrated into one item called 
Simplicity. 

Errors refers to errors occurring during use. Excessive errors cause inconvenience to users. Likewise, 
an increase in cognitive load makes users have difficulty using and feel uncomfortable. This is directly 
associated with satisfaction among users. That’s why these can be integrated into one factor called 
Convenience. 

2.2 Defining Virtual Reality 
Virtual reality is a kind of technology, which makes users feel as if they are interacting with real 
surrounding situations even without experiencing the environments that are hard to encounter in our 
ordinary lives[6]. This refers to some artificial environment or situation, which is similar to reality, but is 
not real and is created using artificial technology and concept, or its manufacturing technology itself[4]. 
VR is holistic technology to enable users to experience situations that do not exist in the real world by 
expanding and sharing information about five senses of users in virtual environments created on a 
computer[5]. In a word, this technology makes users accept something unreal as if it is real and is 
user-based, because this creates environments or situations for experience. 
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2.3 Additional Concept for VR - Presence 
A lot of studies have adopted the concept of affordance to evaluate usability. Although affordance is 
an appropriate concept to explain usability, this study was designed to derive usability evaluation 
factors that suit specific situations of VR. Therefore, it was thought that terms to satisfy particular 
conditions of VR should be added. For this reason, the concept of presence was introduced. The 
definitions of presence are as follows. 

Lee (2004) defined presence as “a psychological state in which the virtuality of experience is 
unnoticed[10]." To explain presence, Dixon (2015) said “It's the idea that once VR reaches a certain 
quality level your brain is actually tricked-at the lowest, most primal level-into believing that what you 
see in front of you is reality[7].” And Tham et. al (2018) defined presence as a psychological state of 
existence within an environment[1]. As above, presence is extensively used as a virtual reality-related 
concept. 

Then what are the terms to enhance presence? Virtual environments are embodied using computer 
technology. Mostly, Head Mounted Display (HMD) is applied to experience of VR. But sudden motions 
cause Motion-to-Photon Latency (MTP Latency) to the response speed of HMD and an incongruity 
between motions and screen changes appears. For this reason, the feeling of immersion declines. 
This MTP Latency means time differences between head motions and visible images and is one of the 
biggest problems that VR apparatus has. To provide presence in a stable way, therefore, system 
technology for dealing with sudden motions has to be supported. This study names this as flexibility of 
VR technology. 

2.4 Requisites of VR Usability 
Based on the data above, requisites for the evaluation of “VR usability” including the concept of 
presence were extracted. For enhancing “usability of VR”, simplicity, convenience, and flexibility are 
required. The next chapter is focused on verifying and redeeming the extracted requisites of VR 
usability through a comparison with the existing studies on VR usability evaluation factors. 

3 RESEARCH CONTENTS & RESULTS 

3.1 Consideration of Previous Studies 
In this study, Webofscience, Googlescholar, and Riss were used as main search engines and “VR” 
and "Usability" were chosen as search strings to search for the previous studies on usability evaluation 
factors. As a result, nearly 500 relevant studies were searched on Webofscience. To narrow down the 
scope of research and subdivide, individual previous studies were selected pursuant to the following 
criteria. 

① Studies, which offer usability evaluation factors clearly 

② Studies that are bound up with virtual reality 

③ Studies considering users 

Table 1. Usability Evaluation Factors of Previous Studies. 

Title Authors Year Evaluation Factors 

A Content-Analysis Approach for Exploring 
Usability Problems in a Collaborative Virtual 

Environment 
Geszten et al. 2018 

Visibility, Depth perception, 
Consistency of views, Presence, 
Copresence, Physical metaphor, 

Simulator sickness , Device usability, 
Learnability, Findability, 

Informativeness, Usefulness 

Characteristics, Usability, and Users 
Experience of a System Combining 

Cognitive and Physical Therapy in a Virtual 
Environment 

Pedroli, et al. 2018 
Utilization, Learning, Pleasantness, 

Spatial Presence, Engagement, 
Realism 
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A Comparative Evaluation of User 
Experience Design on Virtual Reality Indoor 

Bikes 
Kim, S. 2018 Usability, Emotional aspect, User 

values, Sense of reality 

User Experience Evaluation of VR Service 
Platform 

Koo, J., and Kim, 
S. 2018 Credible, Useful, Convenient, 

Findable, Desirable 

A Study on the Usability Test of VR Content 
considering Human Factors Cha. et al. 2018 

sense of reality, immersion, presence, 
visual fatigue, physical pain 

Heuristic Usability Evaluation of Experiential 
VR Simulation Platform Ding et al. 2018 cognition, feedback, simplicity 

A Study on the First Use Experience for 
Rapid Adaptation to HMD VR Contents 

Choi, M. Y. and 
Kim, S. W. 2016 Operability, Directing, Adaptability, 

Empiricality, satisfaction 

A Comparison Analysis of Usability 
Evaluation for Simulation Learning based on 

Web 3D and Virtual Reality 
So, Y. 2016 Performing tasks, Exploration and 

Navigation, Learning Satisfaction 

Comparative Study on the Interface and 
Interaction for Manipulating 3D Virtual 

Objects in a Virtual Reality Environment 
Park, K., and J. 

Y. Lee 2016 Ease of Use, Easy to Learn, Stressful, 
Intuitive, Natural, Enjoyable 

Designing a Virtual-Reality-Based, Gamelike 
Math Learning Environment Xu, X., and Ke, F. 2016 control, interface, playability, content 

integration 

A virtual reality approach for usability 
assessment 

G. Di Gironimo et 
al. 2013 

Control Capability, Accuracy, Time, 
Communication, User Preference, 

Ease of use 

Product Interface Design Bruno, F., 
Muzzupappa, M. 2010 Easiness, Agreeable, Frustration, 

Clarity and Simplicity 

Relatively recent studies were selected out of the existing ones and the studies selected pursuant to 
the criteria were divided depending on evaluation factors. Various attributes are contained in the 
evaluation factors. Yet there are still more evaluation factors which are not mentioned in this study. 

3.2 Integration of VR Evaluation Factors 
We attempted to integrate the above VR usability evaluation factors based on their respective 
characteristics. Although there are various factors, most of the factors are derived from the similar 
concept, so they had many similarities with each other. We went through a process of comparing the 
meaning of each attribute. As a result, it was able to integrate most usability factors into Simplicity, 
Convenience, and Flexibility. The attributes that involves more than one factor were located at the 
center, included in plural areas as in Figure 2. There is still room for debate over the inclusion of the 
factors. 

On the other hand, the attributes that were difficult to be classified were Device usability, Emotional 
aspect. The two attributes did not belong to any of the requisites of this study. Device usability is an 
HMD-focused attribute that is far from the flexibility of VR implementation technology through 
computers. Emotional aspect is an attribute that takes into account the user’s sensibility, and it is 
judged that there are difficulties in handling in this study. 
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Figure 2. VR Usability Factors Integration 

4 DISCUSSIONS 
This study aims to help in evaluating and improving usability of VR contents by simplifying and 
integrating evaluation factors of VR usability. Currently, many studies on usability are in progress and 
there are different ways of evaluating. Prior to the integration of the evaluation factors, the definition of 
usability was considered and the evaluation factors were simplified. 

On the other hand, the scope of usability needed to be reduced to fit specific situations of VR, since 
this has a broad scope in a general sense. Therefore, this study introduced the concept of presence 
that can meet the conditions of VR and requisites of VR usability including the conditions for presence 
were extracted. Next, the requisites extracted were compared to the evaluation factors of the previous 
relevant studies to supplement and verify. Consequently, Simplicity, Convenience, and Flexibility were 
selected as final factors. 

As shown in this study, it was able to integrate most of the VR evaluation factors. In addition, users’ 
emotional aspects and device usability are to be further considered in next studies. This is a 
transitional study for rough classification, since this study aims to simplify and integrate VR usability 
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evaluation factors and this study was conducted in a large category. As for the following procedure, in-
depth further research is essentially needed for the segmentation of the VR evaluation factors. 

5 CONCLUSIONS 
This study derived new VR usability evaluation factors. The first factor is Simplicity. Simplicity is 
crucial, since for enjoying virtual reality contents, users are required to cut down on inefficient motions 
and perform tasks effectively. Simplicity is also related to learning attributes, such as Learnability and 
Memorability. 

The second factor is Convenience. Convenience is an indicator to evaluate user convenience or 
inconvenience caused by errors, labor for task performance, and cognitive overload. This can be 
directly related to user satisfaction. 

The third is Flexibility. This attribute is based on the technology implementing VR and is used to 
evaluate whether or not the implementation environments of VR contents flexibly respond to 
behavioral changes of users. Now that the spread of VR is not complete yet and virtual reality 
technology is continuously evolving, there is much room for the improvement of Flexibility. 

It is anticipated that this study would serve as basic data to evaluate and improve usability of virtual 
reality contents in the future. 
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