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Abstract

Over the past decade, virtual reality (VR) has re-emerged as a popular technology trend. 

This is mainly due to the recent investments from technology companies that are improving 

VR systems while increasing consumer access and interest. Amongst many applications of 

VR, one area that is particularly promising is for pedagogy. The immersive, experiential 

learning offered by VR provides new training and learning opportunities driven by the lat-

est versions of affordable, highly immersive and easy to use head mounted display (HMD) 

systems. VR has been tested as a tool for training across diverse settings with varying lev-

els of success in the past. However, there is a lack of recent review studies that investigates 

the effectiveness, advantages, limitations, and feasibility of using VR HMDs in training. 

This review aims to investigate the extent to which VR applications are useful in train-

ing, specifically for professional skill and safety training contexts. In this paper, we present 

the results from a systematic review of the effectiveness of VR-based simulation training 

from the past 30 years. As a secondary aim, the methodological trends of application and 

practical challenges of implementing VR in training curriculum were also assessed. The 

results suggest that there is generally high acceptance amongst trainees for VR-based train-

ing regardless of the technology limitations, usability challenges and cybersickness. There 

is evidence that VR is useful for training cognitive skills, such as spatial memory, learn-

ing and remembering procedures and psychomotor skills. VR is also found to be a good 

alternative where on the job training is either impossible or unsafe to implement. However, 

many training effectiveness studies reviewed lack experimental robustness due to limited 

study participants and questionable assessment methods. These results map out the current 

known strengths and weaknesses of VR HMDs and provide insight into required future 

research areas as the new era of VR HMD’s evolve.
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1 Introduction

In recent years, Virtual Reality (VR) has become more prevalent in the consumer market-

place. With the advancements in computing power, display technologies and 3D gaming, 

Head Mounted Display (HMD) based VR systems are rapidly growing as a consumer prod-

uct. VR has long been considered as an effective medium for education and training (Pan-

telidis 2009; Psotka 1995). However, both cost and technological maturity have been major 

limiting factors for VR proliferation across society, including its utilization for educational 

and training applications. The introduction of Oculus Rift in 2011 signalled a renewed 

interest, investment and development in VR HMDs. Since then VR HMDs have become 

more affordable, easier to use and offer better user experiences. Consumer-grade VR 

HMDs are now available for less than 500 USD compared to the first commercial HMD 

VPL eyephone HRX that cost 49,000 USD (IGI consulting 1992) when launched in 1987.

The concept of immersive VR technologies, as we know it today, began in the 1960s 

when Morton Heilig first introduced Sensorama simulator in 1962 followed by Ivan 

Sutherland’s “The Ultimate Display” concept (Sutherland 1965). Since then, there have 

been many technological milestones that have expanded the boundaries of VR for indi-

viduals to have increased immersive experiences. Throughout the 1970s and 1980s, NASA 

was the main early adopter of the technology by using VR HMDs in flight simulations and 

space operations research. The AMES research center at NASA developed VR HMDs for 

researching telepresence control and telerobotic control for space station operations (Fisher 

et al. 1987).

The definition of VR has changed throughout these periods based on the context of use 

and state of technology of that time. Based on the current state of the art, Virtual Reality 

(VR) is defined as a computer-generated three-dimensional graphical representation of the 

real or imaginary environment in which users are immersed through a dedicated headset 

or an array of display walls. In addition, wearable sensors could be worn to provide more 

sensory cues to the user (e.g. binaural audio, vests and gloves with haptics). VR allows 

users to interact with a computer-generated world, where the user’s natural sensory percep-

tions are fully/partially replaced with a digital alternative. VR is further described by the 

following three characteristics (Logan 1998):

Interactivity: The graphical image responds in real-time to the user’s commands.

Immersion: The user is drawn into the simulation by sensorial experience.

Imagination: the user’s imagination is free to explore the simulated world to see, 

touch, move and experience things in new ways from new perspectives.

Through this experience, users can find creative solutions to problems and new ways 

of seeing and doing things (Logan 1998). Although physical immersion is a major char-

acteristic of a VR system, there are other forms of VR systems that are non-immersive 

(Robertson et al. 1993). Termed as “Desktop VR” or “Fish-Tank VR”, this non-immersive 

VR systems contain computer screens, 3D graphics and interacted through computer input 

devices. In this study, however, we only focus on the immersive VR and specifically VR 

HMD systems  (Fig. 1), as they are currently the most popular, state of the art VR tech-

nology. An HMD is the main hardware component of the current VR technology. Unlike 

computer screens in the Desktop VR, HMDs often work as both input and output device. 

Inputs include head motion tracking sensors, gyroscopes and accelerometers. The outputs 

are the two graphical displays (one for each eye). In VR HMDs the point-of-view of the 
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content in VR is personalized for each user according to their head position. There is also 

another immersive VR system called Cave Automatic Virtual Environments (CAVE), that 

consists of a room where all the walls and floor, are projection screens and the system 

contain motion tracking for tracking user movement. In CAVE systems users wear stereo-

scopic shutter glasses for the 3D view. Though immersive in nature, these systems are less 

popular due to the complexity of hardware and the relatively higher costs.

Fig. 1  a Sample VR HMD system, b VR HMD system explained
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2  Background and Related Research

With the unique characteristics of VR, Dalgarno and Lee (2010) argue that it offers unique 

affordances for learning, such as representational fidelity, learner interaction and sense of 

presence (Dalgarno and Lee 2010). There is interest in VR technology for learning because 

of the assumption that with these affordances of VR, what has been learned in the virtual 

environment can be transferred to real conditions.

There are many studies and publications that report the benefits, limitations, effects, guide-

lines and challenges of using VR in education (Farra et  al. 2015; Fowler 2015; Pantelidis 

2009; Psotka 1995). The key added value of VR lies in the immersion offered by it (Jelfs and 

Whitelock 2000; Psotka 1995). “Immersion” or “Presence” felt by the users, is the sense of 

being present in the simulated virtual environment (Witmer and Singer 1998). Stevens and 

Kincaid (2015) claim that this “sense of being there” enables experiential learning through 

virtual environments that ultimately leads to positive transfer of knowledge. VR provides a 

controlled learning environment in which users can navigate, explore, manipulate and inspect 

the objects and their response in real-time. This explorative learning environment enables 

users to learn through experimentation. Thus, VR educational applications are best grounded 

on the constructivist theory of learning (Chen 2010). This constructivist, self-regulated, expe-

riential learning through first-person non-symbolic experiences enabled by VR is the main 

reason for its value in applying it for education and training (Pantelidis 2009). Reid and Sykes 

(1999) went further and proposed VR as the ultimate education technology that will change 

the nature of how students learn. Three-dimensional virtual worlds and their educational uses 

have long been researched and discussed in the literature (Eschenbrenner et al. 2009; Ludlow 

2015). Online virtual platforms, such as ‘Second Life’ are becoming increasingly prominent 

and finding interesting applications for learning and education (Minocha and Reeves 2010; 

Shen and Eder 2009). Considering these potential educational benefits of using VR and the 

recent advancements in affordable VR technology, the increased interest among educators 

and researchers to study the technology for educational applications is understandable. There 

are already a few comprehensive literature reviews that studied the state of the art of VR tech-

nology in education (Freina and Ott 2015) and a systematic mapping of educational applica-

tion of VR HMDs (Jensen and Konradsen 2018). However, these reviews only considered the 

research that were published after the recent VR boom in 2013 and had a wider and general 

scope of educational applications of VR. There is currently a gap in the review of literature 

that focus on professional training applications of VR. Because classroom-based education 

provides valuable declarative knowledge to the students but practicing complex skills for 

proficiency is an important part of vocational and professional training. Professional learn-

ing settings are inherently different from the classroom based primary education. This type 

of training is typically delivered through on-the-job experience, simulations (roleplays and 

computer-based) and practical exercises. Thus, it is important to differentiate it from the rest 

of education in order to be more specific on the findings.

With VR growing in popularity, there are many efforts from academia and industry to 

utilize the technology in professional training (Grabowski and Jankowski 2015; Mantovani 

et al. 2003; Sacks et al. 2013). Hence there is a clear need to analyze how the effectiveness 

of VR in training has been studied and how results from such studies can inform the future 

training developments using VR as a training medium. In this review, we are interested to 

investigate the training applications (refers to the acquisition of skills such as cognitive or 

psychomotor skills) rather than the educational applications (refers to the acquisition of 

knowledge or information).
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2.1  Goals

The aim of this paper is to make a systematic review of scientific studies on the training 

effectiveness of VR, to document the available evidence on VR applications and its effects 

on professional training outcomes. Implementing VR in training still requires development 

time and resources, so it is not only important to establish the effectiveness of VR in train-

ing, but also get inputs for efficient development and use of VR training applications in 

practice. Another aim of this study is to find if there are any methodological trends in VR 

application and skills that are more suitable for training using VR. We also aim to docu-

ment the experimental methods used for testing the training effectiveness of VR that could 

be referred for input into future studies in this area.

3  Methods

This study has been undertaken as a Systematic Literature Review (SLR) based on the 

guideline from Kitchenham (Kitchenham 2004). A SLR is a method of identifying, evalu-

ating and interpreting available research relevant to a particular research question or topic 

area (Kitchenham 2004). The main advantage of SLR compared to a normal research 

review is that it provides a higher degree of confidence about covering the relevant litera-

ture, and thus minimizes the subjectivity and bias through reproducible results (Kitchen-

ham et al. 2010). Individual studies that contribute to a systematic review are called pri-

mary studies. A systematic review is a form of secondary study.

There are three main reasons for performing a systematic literature review (Kitchenham 

and Charters 2007).

• To gather and evaluate all existing evidence of a research topic in a rigorous and sys-

tematic way
• To identify gaps in current research in order to suggest areas for further improvement
• To summarize and provide background for performing new research activities

The following sub-sections detail the methodology of the SLR process implemented in 

this study, including the research questions, search strategy, inclusion/exclusion criteria, 

data extraction and synthesis of results.

3.1  Research Questions

The systematic review process consists of 3 stages: (1) Planning the review, (2) Conducting 

the review and (3) Reporting (Kitchenham 2004). The major differentiating factor of SLR 

over explorative reviews is the pre-defined protocol and research questions. Defining the 

scope of the review and answerable questions is an important first step of the SLR process. 

For defining the scope of the systematic search PICOC framework has been utilized (Booth 

et al. 2012). Table 1 details the elements defined for this study.

Based on the above-defined scope, the following research questions (RQs) were formulated:

RQ1: What are the benefits, effectiveness and limitations of VR in professional training 

settings?
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The aim of this question is to identify information and evidence of the training effective-

ness of VR-based training. This question answers in what training area and/domains where 

VR has been applied.

RQ2: How VR is adopted in professional training setups?

The aim of this question is to identify how VR-based training is adopted in different 

professional training domains. The results obtained will be useful for developing frame-

works for future training design using VR.

RQ3: What methodologies are used for assessing the training outcome/effectiveness for 

VR-based training?

This question aims to map out the methods for measuring training effectiveness in VR 

based training. The focus is on identifying methodologies and tools for measuring training 

effectiveness for future studies.

3.2  Search Process

Five interdisciplinary research databases were selected for the search (IEEE Xplore, Sco-

pus (ScienceDirect is used for searching full texts), Web of Science, ACM digital library 

and ERIC). These databases were identified as relevant for education and training, technol-

ogy applications in learning, psychology and social science. The literature search process 

was carried out in the month of June 2019.

We performed the search in the above databases using the following search string. The 

search term for this review combine the terms for virtual reality and training in conjunction 

with terms for possible outcomes, effectiveness and impacts of such training.

(“Virtual Reality” OR “Immersive VR” OR “Virtual Environment” OR VR)

AND

(Training OR Instruction OR “Training transfer” OR “Skill Acquisition”)

AND

(Impact* OR outcome* OR “skill development” OR affect OR effect*)

Table 1  PICOC framework

PICOC Element Definition

Population Users, trainees in safety–critical areas and professional domains

Intervention Utilizing HMD VR as a training tool or medium

Comparison VR training vs. traditional training or no training

Outcomes Training effectiveness, training transfer and performance indicators

Context Professional training environment with VR HMDs
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3.3  Inclusion and Exclusion Criteria

The inclusion and exclusion criteria for selecting the primary studies were specified 

according to the SLR methodology. The primary criteria for inclusion were that the stud-

ies used immersive and interactive VR environments in three-dimensional (3D) graphics 

presented with a head-mounted display (HMD) for professional skills and safety training. 

Considering the research questions, in the general criteria, the time frame for study and 

relevant type of study were defined.

General Criteria:

• Peer-reviewed studies published between January 1st, 1988 and December 31st, 2018
• Studies that describe the applications and effectiveness of VR in professional training

Specific Criteria:

• Primary studies that compare VR-based training against traditional/typical methods of 

delivering training
• Primary studies that represent VR as state-of-the-art medium for training
• Studies that use VR HMDs for training professionals
• Secondary studies that quantify VR research in training effectiveness

The following exclusion criteria were defined for this review and studies meeting these 

criteria are excluded:

• Studies that are not published in English
• Studies that were published before 1988
• Grey literature, ex. white papers, project reports, technical reports
• Books, tutorials and poster publications
• Studies that not include VR HMDs in their testing
• Studies that are not related to/applied for professional training, safety training

3.4  Data Collection and Extraction

In the data collection and extraction phase of the review, the documents found in the 

searching phase were reduced to a final number of documents which were relevant for 

answering the three research questions. Inclusion and Exclusion criteria were utilized to 

screen the documents further.

The data extracted from each article are:

• Bibliographic information of the publication
• The application domain of the study
• The population of the study
• Type of training/intervention in the study
• The main research questions of the study and outcomes
• The method used for measuring the outcome
• The metrics used for measuring the outcome
• What are all the objectives/challenges addressed in the study
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4  Results

This section presents the results of the review, answering the three research questions 

based on the extracted data from the 60 studies over a publication period of 30 years. Fig-

ure 2 presents the selection criteria processes based on the pre-established framework. 

The initial high number of hits for the search string was due to the fact that the term 

Virtual Reality has been widely used for different applications and contexts. The search 

was further reduced to the application of HMD VR technology and in training contexts. 

Documents that describe just the concept or technology application without experiments, 

surgical simulators that use the term VR but highly purpose-built with surgical tools and 

other non-immersive VR applications were removed. After the application of inclusion, 

exclusion and quality criteria 60 studies were selected for the final data analysis.

In this study it was not possible to conduct an accurate meta-analysis as the training 

application domains, training methodology as well as the study design for assessing the 

effectiveness of VR with the data collection in those studies differed significantly. Overall, 

the results were synthesised by extracting the main themes under which the findings of this 

Step 1: Database search using the search string

(IEEE Xplore, Scopus (ScienceDirect), Web of Science, ACM 

digital library, ERIC) (n = 15,189)

Records after removing duplicates, screening and selected for reading 

abstracts (n = 586)

Step 2: Records screened with Inclusion 

and Exclusion criteria 

(n = 586)

Records excluded

(n = 344)

Step 3: Full-text articles assessed 

for eligibility

(n = 242)

Full-text articles 

excluded, with 

reasons

Studies included in the final data analysis

(n = 60)
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Fig. 2  Results from the search and selection process (PRISMA flow diagram)
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review are identified and presented. The 60 studies included in the final data analysis were 

categorized and analyzed in the following sub-sections (see Table 2) based on the applica-

tion domains and types of skills trained.

Although many of the skills trained overlaps between domains and many domains are 

interrelated (ex: firefighting, safety and emergency preparedness, etc.), these sub-catego-

ries help to organize the results.

4.1  Industrial Training

Industrial training is one of the major application domains for VR, as it allows to learn 

and perform simulated hands-on activities in a controlled, safe environment. Out of the 

60 reviewed studies, 17 studies (28.3%) were on the industrial training applications (see 

Table  3). The review observed that industrial training applications for VR are mainly 

focused on procedural skills training for assembly (Boud et al. 1999; Carlson et al. 2015) 

or maintenance tasks (Bowling et al. 2008; Schroeder et  al. 2017). Training has focused 

on the cognitive aspects of the trainees to recognize and remember parts assembly pro-

cedures (Carlson et al. 2015), the sequence of actions (Dwivedi et al. 2018) and orienta-

tion of components while carrying out the assembly and maintenance operations. Figure 3 

shows the types of training areas for VR applications within the industrial domain. 12% of 

the reviewed studies in the industrial domain focused on visual inspection training. (Ragan 

et al. 2015) claimed field of view (FOV) and visual complexity significantly affected target 

detection during visual inspection training and found higher FOV led to better performance 

while higher visual complexity worsened performance. For procedure memorization tasks, 

enhanced spacial cues such as higher FOV and field of regard in VR HMDs significantly 

improved training performance (Ragan et al. 2010). In these studies, there is clear evidence 

that VR affordances such as high immersion benefits in training industrial tasks related 

to spatial memory skills. When it comes to training effectiveness and user acceptance of 

the training methodology, almost all reviewed studies reported positive effect of VR based 

training, except one. Kozak et al. (1993) claimed no transfer occurred from the VR to the 

real-world task for their selected pick and place task training. However, their finding was 

debated for the suitability of technology used for the selected criterion task in their study 

(Psotka 1995).

When it comes to the assessment methodology, among the 17 reviewed studies 5 were 

user studies where evaluations from the users were the metrics of assessment. The user 

evaluations generally had positive effects towards VR based training. Except for 2 stud-

ies, all other studies used students and volunteers from the universities as study partici-

pants. The type of industry ranged from manufacturing, energy, aircraft and automobile 

maintenance.

4.2  Firefighter Training

Effective training is a basis of good disaster preparedness. Among the emergency 

response occupation domains, firefighter face larger amount of varied environmental 

threats in their job and require unique skillset to carryout lifesaving tasks (Dunn 2015). 

VR enables the creation of large and complex training environments that facilitate the 

training of scenarios which are high resource intensive and difficult to carry out in real 

life. Due to this, there has been significant attention on VR based training solutions 

for firefighting (Hsu et al. 2013). 6 studies were identified in the review addressing the 
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training for firefighters using VR (see Table 4). Firefighters carry out complex spatial 

navigation tasks for fighting fires inside buildings and rescue operations as part of their 

jobs. The skills focused in the reviewed studies for training are mainly related to spa-

tial navigation. For firefighting, VR based training is proposed as an alternative, where 

real-world training is impractical due to cost and personal safety of the trainees.

4.3  Safety and Emergency Preparedness Training

Safety and emergency preparedness training is another major application area for 

VR found in the literature. 25% of the studies reviewed covers this category of train-

ing (see Table 5). When it comes to safety and emergency preparedness training, VR 

application are seen as a realistic, safe and cost-effective alternative for traditional 

training methods. For example, VR simulation of emergency preparedness could pro-

vide more varied scenarios in a realistic manner and help attain and transfer the safety 

knowledge to the real-world situations. VR environments in which different disaster 

scenarios could be simulated provides valuable experiences and training to the per-

sonnel for preparing and responding to critical situations (Li et al. 2017a, b). This is 

because trainees are able to learn and practice the skill without risking their well-being 

and environments.

Because of the realism offered by VR emergency simulations, people show recogni-

tion of a dangerous situation in VR and readily produce adaptive responses, making 

the VR suitable for emergency simulations and for use as an effective training tool 

(Gamberini et al. 2003). VR- based training produced objectively better spacial knowl-

edge in safety training. When full capability of VR utilized such as active navigation in 

VR produced better performance (Burigat and Chittaro 2016). Also, VR-based training 

improved the safety behavior in trainees promising to foster adequate self-evacuation 

during crisis situations in tunnels (Kinateder et al. 2013).

Almost all reviewed studies proposed VR based training as a novel alternative to 

traditional modes of training such as real-life drills and table-top exercises for safety & 

emergency preparedness. Also the studies reported high levels of engagement among 

participants in safety training (Buttussi and Chittaro 2017; Haller et al. 1999).

Fig. 3  VR training applications 

in industrial domain

29%

18%

12%

12%

6%

23%

VR in industrial training

Assembly tasks

Maintenance tasks

Visual inspection

Procedure training

Spacial memory

Other



1015Effectiveness of VR Head Mounted Displays in Professional…

1 3

Ta
b

le
 4

 
 S

u
m

m
ar

y
 o

f 
re

su
lt

s 
fr

o
m

 S
L

R
 i

n
 fi

re
fi

g
h
te

r 
tr

ai
n
in

g

S
tu

d
y

P
ar

ti
ci

p
an

ts
S

tu
d
y
 d

es
ig

n
C

o
n
d
it

io
n

In
te

rv
en

ti
o
n

M
et

ri
c 

fo
r 

as
se

ss
m

en
t

O
u
tc

o
m

es

B
li

ss
 e

t 
al

. 
( 1

9
9
7

)
F

ir
efi

g
h
te

rs
 (

3
0
)

B
et

w
ee

n
-g

ro
u
p
s,

 

tr
an

sf
er

 o
f 

tr
ai

n
in

g
 

d
es

ig
n

B
lu

ep
ri

n
ts

, 
V

R
, 
N

o
 

tr
ai

n
in

g

S
ea

rc
h
 a

n
d
 r

es
cu

e 

tr
ai

n
in

g

T
o
ta

l 
ti

m
e 

ta
k
en

 t
o
 

ex
ec

u
te

 t
h
e 

re
sc

u
e,

 

an
d
 t

h
e 

n
u
m

b
er

 o
f 

er
ro

rs
 (

w
ro

n
g
 t

u
rn

s)

B
o
th

 b
lu

ep
ri

n
t 

an
d
 V

R
 

tr
ai

n
in

g
 a

re
 e

q
u
al

ly
 

eff
ec

ti
v
e 

an
d
 b

et
te

r 

th
an

 n
o
 t

ra
in

in
g

T
at

e 
et

 a
l.

 (
1
9
9
7

)
N

av
y
 fi

re
fi

g
h
te

rs
 (

1
2
)

B
et

w
ee

n
 s

u
b
je

ct
 s

tu
d
y

V
R

 t
ra

in
in

g
, 
tr

ad
it

io
n
al

 

tr
ai

n
in

g

S
h
ip

b
o
ar

d
 n

av
ig

a-

ti
o
n
 a

n
d
 fi

re
fi

g
h
ti

n
g
 

tr
ai

n
in

g

T
ra

v
er

sa
l 

ti
m

e,
 W

ro
n
g
 

tu
rn

s

M
is

si
o
n
 r

eh
ea

rs
al

 a
t 

re
al

 

sh
ip

 p
ro

v
id

es
 b

et
te

r 

p
er

fo
rm

an
ce

 t
h
an

 V
R

 

b
u
t 

it
 i

s 
n
o
t 

p
o
ss

ib
le

 

al
w

ay
s

C
li

ff
o
rd

 e
t 

al
. 
( 2

0
1
8

)
C

o
n
v
en

ie
n
ce

 s
am

p
le

 

an
d
 fi

re
fi

g
h
te

rs
 (

3
6
)

W
it

h
in

-s
u
b
je

ct
 s

tu
d
y

V
R

, 
h
ig

h
-d

efi
n
it

io
n
 

T
V

, 
2
7
0
◦ p

ro
je

ct
io

n
 

d
is

p
la

y

A
er

ia
l 

b
as

ed
 w

il
d
fi

re
 

fi
re

fi
g
h
ti

n
g

P
re

-D
et

er
m

in
ed

 

A
n
al

y
si

s 
(P

D
A

) 
an

d
 

S
A

G
A

T
 f

o
r 

m
ea

su
r-

in
g
 S

it
u
at

io
n
al

 

A
w

ar
en

es
s 

(S
A

)

P
ar

ti
ci

p
an

ts
 h

ad
 g

re
at

er
 

ab
il

it
y
 t

o
 a

cq
u
ir

e 
S

A
 

in
si

d
e 

th
e 

im
m

er
si

v
e 

d
is

p
la

y
s.

 V
R

 H
M

D
 

p
ro

v
id

e 
th

e 
h
ig

h
es

t 

p
re

se
n
ce

, 
al

so
 i

n
d
u
ce

d
 

h
ig

h
es

t 
m

o
ti

o
n
 s

ic
k-

n
es

s

M
o
ss

el
 e

t 
al

. 
(2

0
1
7
)

F
ir

e 
b
ri

g
ad

e 
an

d
 p

ar
a-

m
ed

ic
s 

(3
5
)

U
se

r 
ev

al
u
at

io
n
 s

tu
d
y

M
o
b
il

e 
V

R
—

tr
ea

d
m

il
l,

 

jo
y
st

ic
k

E
m

er
g
en

cy
 r

es
p
o
n
se

 

tr
ai

n
in

g

S
u
b
je

ct
iv

e 
fe

ed
b
ac

k
 

fr
o
m

 u
se

rs

T
h
e 

u
se

rs
 f

o
u
n
d
 t

h
e 

V
R

 

sy
st

em
 a

d
eq

u
at

el
y
 

su
it

ed
 f

o
r 

tr
ai

n
in

g

W
al

le
r 

et
 a

l.
 (

1
9
9
8

)
S

tu
d
en

ts
 (

1
2
5
)

B
et

w
ee

n
 s

u
b
je

ct
 s

tu
d
y

R
ea

l-
w

o
rl

d
, 
m

ap
, 

V
E

 d
es

k
to

p
, 
V

E
 

im
m

er
si

v
e,

 V
E

 l
o
n
g
 

im
m

er
si

v
e 

an
d
 n

o
 

tr
ai

n
in

g

S
p
at

ia
l 

k
n
o
w

le
d
g
e 

A
cq

u
is

it
io

n

K
n
o
w

le
d
g
e 

tr
an

sf
er

: 

m
ea

n
 t

im
e 

th
ro

u
g
h
 

m
az

e,
 R

ep
re

se
n
ta

ti
o
n
 

d
iff

er
en

ce
s

S
h
o
rt

 p
er

io
d
s 

o
f 

V
E

 

tr
ai

n
in

g
 w

er
e 

n
o
 

m
o
re

 e
ff

ec
ti

v
e 

th
an

 

m
ap

 t
ra

in
in

g
. 
W

it
h
 

su
ffi

ci
en

t 
ex

p
o
su

re
 t

o
 

V
R

 e
n
v
ir

o
n
m

en
t 

V
E

 

tr
ai

n
in

g
 s

u
rp

as
se

d
 

re
al

-w
o
rl

d
 t

ra
in

in
g



1016 S. k. Renganayagalu et al.

1 3

Ta
b

le
 4

 
 (c

o
n
ti

n
u
ed

)

S
tu

d
y

P
ar

ti
ci

p
an

ts
S

tu
d
y
 d

es
ig

n
C

o
n
d
it

io
n

In
te

rv
en

ti
o
n

M
et

ri
c 

fo
r 

as
se

ss
m

en
t

O
u
tc

o
m

es

C
la

w
so

n
 e

t 
al

. 
(1

9
9
8
)

U
n
sp

ec
ifi

ed
 (

8
4
)

B
et

w
ee

n
 s

u
b
je

ct
 

d
es

ig
n

3
 d

eg
re

es
 o

f 
V

R
 

co
n
tr

o
l 

(p
as

si
v
e,

 

h
ea

d
 m

o
v
em

en
t 

o
n
ly

, 

ac
ti

v
e)

S
p
at

ia
l 

n
av

ig
at

io
n
 

tr
ai

n
in

g

P
ro

p
o
rt

io
n
 c

o
rr

ec
tn

es
s,

 

tr
av

er
se

 t
im

e,
 a

b
so

-

lu
te

 a
n
g
u
la

r 
er

ro
r

M
o
v
em

en
t 

co
n
tr

o
l 

in
 V

R
 

h
av

e 
g

re
at

er
 e

ff
ec

t 
o
n
 

tr
an

sf
er

 e
ff

ec
ti

v
en

es
s.

 

V
R

 n
av

ig
at

io
n
 t

ra
in

in
g
 

w
as

 e
ff

ec
ti

v
e,

 b
o
th

 i
n
 

re
q
u
ir

in
g
 l

it
tl

e 
tr

ai
n
in

g
 

an
d
 i

n
 a

ll
o
w

in
g
 e

ff
ec

-

ti
v
e 

tr
an

sf
er

 t
o
 r

ea
l 

b
u
il

d
in

g



1017Effectiveness of VR Head Mounted Displays in Professional…

1 3

Ta
b

le
 5

 
 S

u
m

m
ar

y
 o

f 
re

su
lt

s 
fr

o
m

 S
L

R
 i

n
 S

af
et

y
 a

n
d
 e

m
er

g
en

cy
 p

re
p
ar

ed
n
es

s 
tr

ai
n
in

g

S
tu

d
y

P
ar

ti
ci

p
an

ts
S

tu
d
y
 d

es
ig

n
C

o
n
d
it

io
n

In
te

rv
en

ti
o
n

M
et

ri
c 

fo
r 

as
se

ss
m

en
t

O
u
tc

o
m

es

K
in

at
ed

er
 e

t 
al

. 
( 2

0
1
3
)

U
n
sp

ec
ifi

ed
 (

4
3
)

B
et

w
ee

n
 s

u
b
je

ct
 s

tu
d
y

V
R

 t
ra

in
in

g
, 
in

fo
rm

ed
, 

n
o
 t

ra
in

in
g

T
u
n
n
el

 s
af

et
y
 t

ra
in

in
g

B
eh

av
io

ra
l 

m
ea

su
re

s
F

re
q
u
en

cy
 a

n
d
 l

at
en

cy
 

o
f 

se
lf

- 
ev

ac
u
at

io
n
, 

ca
n
 b

e 
im

p
ro

v
ed

 

th
ro

u
g
h
 V

R
 t

ra
in

in
g

B
u
ri

g
at

 a
n
d
 C

h
it

ta
ro

 

( 2
0
1
6
)

U
n
d
er

g
ra

d
 s

tu
d
en

ts
 

(5
4
)

B
et

w
ee

n
 s

u
b
je

ct
 s

tu
d
y

V
R

 t
ra

in
in

g
, 
tr

a-

d
it

io
n
al

 t
ra

in
in

g
 

(p
ri

n
te

d
 m

ap
s)

E
v
ac

u
at

io
n
 t

ra
in

in
g

N
A

S
A

-T
L

X
, 
K

ru
sk

al
–

W
al

li
s 

te
st

 f
o
r 

sp
at

ia
l 

k
n
o
w

le
d
g
e 

ac
q
u
is

i-

ti
o
n
 a

n
d
 U

sa
b
il

it
y
 

m
ea

su
re

s

V
R

 p
ro

d
u
ce

d
 o

b
je

c-

ti
v
el

y
 b

et
te

r 
sp

ac
ia

l 

k
n
o
w

le
d
g
e.

 A
ct

iv
e 

n
av

ig
at

io
n
 i

n
 V

R
 

p
ro

d
u
ce

d
 p

er
fo

rm
an

ce
 

im
p
ro

v
em

en
t.

 V
R

 i
s 

p
er

ce
iv

ed
 a

s 
m

o
re

 

en
jo

y
ab

le
, 
ea

si
er

 t
o
 

co
m

p
re

h
en

d
 a

n
d
 m

o
re

 

eff
ec

ti
v
e 

th
an

 p
ri

n
te

d
 

m
ap

s

C
h
it

ta
ro

 a
n
d
 B

u
tt

u
ss

i 

(2
0

1
5
)

U
n
d
er

g
ra

d
 s

tu
d
en

ts
 

(4
8
)

B
et

w
ee

n
 s

u
b
je

ct
 s

tu
d
y

V
R

 s
er

io
u
s 

g
am

e,
 

sa
fe

ty
 c

ar
d

A
v
ia

ti
o
n
 s

af
et

y
 t

ra
in

-

in
g

K
n
o
w

le
d
g
e,

 S
el

f-

re
p
o
rt

ed
 f

ea
r,

 S
el

f-

re
p
o
rt

ed
 e

n
g
ag

e-

m
en

t,
 P

h
y
si

ca
l 

ar
o
u
sa

l 
(E

D
A

)

Im
m

er
si

v
e 

se
ri

o
u
s 

g
am

e 

p
ro

d
u
ce

s 
k
n
o
w

le
d
g
e 

g
ai

n
 t

h
at

 i
s 

m
ai

n
ta

in
ed

 

af
te

r 
o
n
e 

w
ee

k
. 
th

e 

im
m

er
si

v
e 

g
am

e 
w

as
 

ab
le

 t
o
 p

ro
d
u
ce

 m
o
re

 

en
g
ag

em
en

t,
 n

eg
at

iv
e 

em
o
ti

o
n
 a

n
d
 p

h
y
si

-

o
lo

g
ic

al
 a

ro
u
sa

l 
th

an
 

th
e 

co
n
tr

o
l

B
u
tt

u
ss

i 
an

d
 C

h
it

ta
ro

 

(2
0
1
7

)

U
n
sp

ec
ifi

ed
 (

9
6
)

B
et

w
ee

n
 s

u
b
je

ct
 s

tu
d
y

D
es

k
to

p
, 
n
ar

ro
w

 F
O

V
 

H
M

D
 w

it
h
 3

 D
O

F
, 

w
id

e 
F

O
V

 H
M

D
 

w
it

h
 6

 D
O

F

A
v
ia

ti
o
n
 s

af
et

y
 t

ra
in

-

in
g

K
n
o
w

le
d
g
e 

(c
o
rr

ec
t 

an
sw

er
s)

, 
se

lf
-e

ffi
-

ca
cy

 (
q
u
es

ti
o
n
n
ai

re
),

 

se
lf

-r
ep

o
rt

ed
 e

n
g
ag

e-

m
en

t 
an

d
 p

re
se

n
ce

T
h
e 

k
n
o
w

le
d
g
e 

g
ai

n
ed

 

u
si

n
g
 t

h
e 

se
ri

o
u
s 

g
am

e 
w

as
 r

et
ai

n
ed

 t
w

o
 

w
ee

k
s 

la
te

r 
re

g
ar

d
le

ss
 

o
f 

d
is

p
la

y
 t

y
p
e.

 H
ig

h
 

fi
d
el

it
y
 V

R
 d

is
p
la

y
 

p
ro

d
u
ce

 m
o
re

 e
n
g
ag

e-

m
en

t 
an

d
 p

re
se

n
ce



1018 S. k. Renganayagalu et al.

1 3

Ta
b

le
 5

 
 (c

o
n
ti

n
u
ed

)

S
tu

d
y

P
ar

ti
ci

p
an

ts
S

tu
d
y
 d

es
ig

n
C

o
n
d
it

io
n

In
te

rv
en

ti
o
n

M
et

ri
c 

fo
r 

as
se

ss
m

en
t

O
u
tc

o
m

es

C
h
it

ta
ro

 e
t 

al
. 
(2

0
1
8
)

U
n
d
er

g
ra

d
 s

tu
d
en

ts
 

(6
8
)

B
et

w
ee

n
 s

u
b
je

ct
 s

tu
d
y

M
o
b
il

e 
V

R
, 
tr

ad
it

io
n
al

 

tr
ai

n
in

g

A
v
ia

ti
o
n
 s

af
et

y
 t

ra
in

-

in
g

P
er

fo
rm

an
ce

 m
ea

su
re

 

(t
im

e,
 e

rr
o
rs

),
 

E
n
g
ag

em
en

t,
 i

n
st

ru
c-

ti
o
n
 s

im
p
li

ci
ty

 a
n
d
 

effi
ca

cy

P
ar

ti
ci

p
an

ts
 w

h
o
 u

se
d
 

th
e 

m
o
b
il

e 
V

R
 t

o
o
l 

w
er

e 
ab

le
 t

o
 t

ra
n
sf

er
 

th
e 

p
re

se
n
te

d
 s

af
et

y
 

k
n
o
w

le
d
g
e 

to
 t

h
e 

re
al

 

w
o
rl

d
 a

n
d
 d

o
n
 a

n
 

av
ia

ti
o
n
 l

if
e 

p
re

se
rv

er
 

si
g
n
ifi

ca
n
tl

y
 f

as
te

r 
an

d
 

w
it

h
 f

ew
er

 e
rr

o
rs

 t
h
an

 

p
ar

ti
ci

p
an

ts
 w

h
o
 u

se
d
 

th
e 

tr
ad

it
io

n
al

 b
ri

efi
n
g
 

ca
rd

. 
V

R
 u

se
rs

 a
ls

o
 

h
ad

 h
ig

h
er

 e
n
g
ag

e-

m
en

t,
 s

el
f-

effi
ca

cy

Z
h
an

g
 (

2
0
1
7
)

S
tu

d
en

t 
tr

ai
n
ee

s 
(1

0
)

W
it

h
in

 s
u
b
je

ct
 d

es
ig

n
H

M
D

 V
R

, 
D

es
k
to

p
 

sc
re

en
-b

as
ed

 t
ra

in
in

g
 

sy
st

em

M
in

in
g
 s

af
et

y
 (

d
ri

ll
in

g
 

p
ro

ce
d
u
re

 t
ra

in
in

g
)

S
u
b
je

ct
iv

e 
ev

al
u
at

io
n
 

(q
u
es

ti
o
n
n
ai

re
)

P
ar

ti
ci

p
an

ts
 f

el
t 

h
ig

h
 

d
eg

re
e 

o
f 

im
m

er
si

o
n
 

in
 H

M
D

 V
R

 s
y
st

em
. 

9
 o

u
t 

o
f 

1
0
 p

re
fe

rr
ed

 

H
M

D
 t

ra
in

in
g
 e

x
p
er

i-

en
ce

 o
v
er

 d
es

k
to

p
 

tr
ai

n
in

g

H
al

le
r 

et
 a

l.
 (

1
9
9
9
)

M
is

si
n
g

U
se

r 
ev

al
u
at

io
n
 s

tu
d
y

H
M

D
 V

R
P

er
so

n
n
el

 s
af

et
y
 

tr
ai

n
in

g
 i

n
 p

ro
ce

ss
 

in
d
u
st

ry

S
u
b
je

ct
iv

e 
ev

al
u
at

io
n

E
ffi

ci
en

cy
 i

n
 t

ra
in

-

in
g
 d

el
iv

er
y
 w

as
 

in
cr

ea
se

d
, 
h
ig

h
er

 

ac
ce

p
ta

n
ce

 a
m

o
n
g
 

u
se

rs



1019Effectiveness of VR Head Mounted Displays in Professional…

1 3

Ta
b

le
 5

 
 (c

o
n
ti

n
u
ed

)

S
tu

d
y

P
ar

ti
ci

p
an

ts
S

tu
d
y
 d

es
ig

n
C

o
n
d
it

io
n

In
te

rv
en

ti
o
n

M
et

ri
c 

fo
r 

as
se

ss
m

en
t

O
u
tc

o
m

es

X
u
 e

t 
al

. 
(2

0
1
8
)

C
ra

n
e 

o
p
er

at
o
rs

 (
1
0
)

U
se

r 
ev

al
u
at

io
n
 s

tu
d
y

Im
m

er
si

v
e 

V
R

 t
ra

in
-

in
g
, 
tr

ad
it

io
n
al

 t
ra

in
-

in
g
 (

o
n
si

te
)

S
af

et
y
 k

n
o
w

le
d
g
e 

tr
ai

n
in

g
 f

o
r 

re
sc

u
e 

cr
an

e 
o
p
er

at
o
rs

 i
n
 

ra
il

w
ay

s

S
u
b
je

ct
iv

e 
fe

ed
b
ac

k
 

fr
o
m

 u
se

rs

V
R

 t
ra

in
in

g
 s

y
st

em
 w

as
 

co
n
si

d
er

ed
 i

n
tu

it
iv

e,
 

in
te

ra
ct

iv
e,

 e
as

y
 u

se
, 

an
d
 l

ea
rn

 t
h
an

 t
ra

d
i-

ti
o
n
al

 t
ra

in
in

g
 m

et
h
o
d
. 

C
o
m

fo
rt

 s
co

re
 w

as
 

re
p
o
rt

ed
 p

o
o
r

Ju
n
g
 a

n
d
 A

h
n
 (

2
0
1
8
)

S
tu

d
en

ts
 (

6
4
)

B
et

w
ee

n
 s

u
b
je

ct
 s

tu
d
y

T
ra

d
it

io
n
al

 t
ra

in
in

g
, 

d
es

k
to

p
, 
H

M
D

 &
 

Jo
y
p
ad

, 
H

M
D

 &
 

w
ea

ra
b
le

 s
en

so
rs

L
if

eb
o
at

 l
au

n
ch

in
g
 

tr
ai

n
in

g
 (

p
ro

ce
d
u
ra

l 

an
d
 t

ec
h
n
ic

al
 s

k
il

ls
)

R
ec

al
l 

ra
te

s 
fo

r 

p
ro

ce
d
u
ra

l 
sk

il
ls

 a
n
d
 

q
u
es

ti
o
n
n
ai

re
s 

fo
r 

te
ch

n
ic

al
 s

k
il

ls

H
M

D
 a

n
d
 w

ea
ra

b
le

 

se
n
so

rs
 g

ro
u
p
 o

u
tp

er
-

fo
rm

ed
 o

th
er

 g
ro

u
p
s 

in
 t

ec
h
n
ic

al
 s

k
il

ls
 

as
se

ss
m

en
t.

 T
h
e 

d
es

k-

to
p
 g

ro
u
p
 s

h
o
w

ed
 t

h
e 

b
es

t 
p
er

fo
rm

an
ce

 i
n
 a

 

p
ro

ce
d
u
ra

l 
k
n
o
w

le
d
g
e 

as
se

ss
m

en
t

T
an

ak
a 

et
 a

l.
 (

2
0
1
7
)

E
le

ct
ri

ci
an

 a
n
d
 

In
st

ru
ct

o
rs

 (
7
0
)

U
se

r 
ev

al
u
at

io
n
 s

tu
d
y

Im
m

er
si

v
e 

V
R

E
le

ct
ri

ca
l 

g
ri

d
 o

p
er

a-

ti
o
n
 a

n
d
 e

m
er

g
en

cy
 

p
re

p
ar

ed
n
es

s

S
ca

le
 n

o
t 

p
ro

v
id

ed
Im

m
er

si
v
e 

V
ir

tu
al

 

S
u
b
st

at
io

n
 p

ro
v
id

es
 a

 

re
al

is
ti

c 
en

v
ir

o
n
m

en
t,

 

al
lo

w
in

g
 e

le
ct

ri
ci

an
s 

to
 p

ra
ct

ic
e 

m
an

eu
v
er

s 

in
 a

 s
af

el
y
 m

an
n
er

L
i 

et
 a

l.
 (

2
0
1
7
a,

 b
)

U
n
d
er

g
ra

d
 s

tu
d
en

ts
 

(9
6
)

B
et

w
ee

n
 s

u
b
je

ct
 s

tu
d
y

V
R

, 
V

id
eo

, 
M

an
u
al

, 

N
o
n
e

S
af

et
y
 t

ra
in

in
g
 f

o
r 

ea
rt

h
q
u
ak

e 
em

er
-

g
en

cy
 r

es
p
o
n
se

P
er

fo
rm

an
ce

 m
ea

su
re

s 

(p
h
y
si

ca
l 

d
am

ag
e,

 

v
is

u
al

 a
tt

en
ti

o
n
),

 

u
se

r 
fe

ed
b
ac

k
s

V
R

 t
ra

in
in

g
 p

er
fo

rm
ed

 

co
n
si

st
en

tl
y
 b

et
te

r 

th
an

 o
th

er
 m

o
d
es

 o
f 

tr
ai

n
in

g



1020 S. k. Renganayagalu et al.

1 3

Ta
b

le
 5

 
 (c

o
n
ti

n
u
ed

)

S
tu

d
y

P
ar

ti
ci

p
an

ts
S

tu
d
y
 d

es
ig

n
C

o
n
d
it

io
n

In
te

rv
en

ti
o
n

M
et

ri
c 

fo
r 

as
se

ss
m

en
t

O
u
tc

o
m

es

Z
h
an

g
 e

t 
al

. 
(2

0
1
7
)

S
tu

d
en

ts
. 
9
0

B
et

w
ee

n
 s

u
b
je

ct
 s

tu
d
y

V
R

, 
D

es
k
to

p
 a

n
d
 

te
x
tb

o
o
k

F
ir

e 
sa

fe
ty

 k
n
o
w

le
d
g
e

P
er

fo
rm

an
ce

 m
ea

su
re

s 

(K
n
o
w

le
d
g
e 

q
u
iz

 a
n
d
 

o
p
er

at
io

n
al

 p
ra

ct
ic

e)

V
R

 t
ec

h
n
o
lo

g
y
 c

an
 b

et
-

te
r 

im
p
ro

v
e 

th
e 

eff
ec

t 

o
f 

fi
re

 s
af

et
y
 k

n
o
w

l-

ed
g
e 

le
ar

n
in

g
 a

n
d
 

sk
il

l 
tr

ai
n
in

g
 t

h
an

 t
h
e 

tr
ad

it
io

n
al

 m
et

h
o
d
s

S
ta

n
sfi

el
d
 e

t 
al

. 
(2

0
0
0
)

F
ir

st
 r

es
p
o
n
d
er

s.
 (

2
3
)

E
m

p
ir

ic
al

 s
tu

d
y.

 Q
u
al

-

it
at

iv
e 

as
se

ss
m

en
t

Im
m

er
si

v
e 

V
R

A
ss

es
sm

en
t 

p
ro

-

ce
d
u
re

s 
in

 fi
rs

t 

re
sp

o
n
se

S
y
st

em
 a

ss
es

sm
en

t 

q
u
es

ti
o
n
n
ai

re

T
h
e 

st
u
d
y
 g

ro
u
p
 w

as
 

sa
ti

sfi
ed

 a
n
d
 a

cc
ep

te
d
 

V
R

 f
o
r 

fi
rs

t 
re

sp
o
n
d
er

 

tr
ai

n
in

g
. 
M

an
y
 p

ar
ti

ci
-

p
an

ts
 f

el
t 

th
e 

sc
en

ar
io

 

sh
o
u
ld

 b
e 

m
o
re

 i
n
-

d
ep

th
 a

n
d
 c

h
al

le
n
g
in

g

G
am

b
er

in
i 

et
 a

l.
 

(2
0

0
3
)

S
tu

d
en

ts
 (

8
4
)

M
ix

ed
 m

et
h
o
d
s

H
M

D
 V

R
F

ir
e 

em
er

g
en

cy
 

re
sp

o
n
se

 t
ra

in
in

g

P
er

fo
rm

an
ce

 m
ea

su
re

s 

(t
im

e)
, 
b
eh

av
io

ra
l 

m
ea

su
re

s

P
eo

p
le

 s
h
o
w

 r
ec

o
g
n
it

io
n
 

o
f 

a 
d
an

g
er

o
u
s 

si
tu

a-

ti
o
n
 i

n
 a

 V
E

 a
n
d
 r

ea
d
-

il
y
 p

ro
d
u
ce

 a
d
ap

ti
v
e 

re
sp

o
n
se

s,
 m

ak
in

g
 t

h
e 

V
E

 s
u
it

ab
le

 f
o
r 

em
er

-

g
en

cy
 s

im
u
la

ti
o
n
s 

an
d
 

fo
r 

u
se

 a
s 

an
 e

ff
ec

ti
v
e 

tr
ai

n
in

g
 t

o
o
l



1021Effectiveness of VR Head Mounted Displays in Professional…

1 3

4.4  Healthcare Training

The application areas for VR in healthcare are immense and diverse (Ghanbarzadeh et  al. 

2014). Among the VR training application areas, medical domain has identified and adopted 

VR for surgical training to a greater success (Gallagher et  al. 2005). This is because doc-

tors and dentists are able to train for a variety of surgical scenarios repeatedly in VR with-

out the pressure involved in live surgical procedures. Using simulations for the development 

and refinement of surgical skills is widely popular in the recent time. With many successful 

training applications, healthcare appears to be a more mature domain for VR simulation-based 

training. This is because a wide range of final applications have been studied in the domain. 

VR simulation applications are found to improve learning outcomes for a variety of surgical 

procedures (Ahlberg et al. 2007; Bharathan et al. 2013; Grantcharov et al. 2004). However, it 

is important to note that the VR systems used in surgical training are more sophisticated, have 

additional special equipment and haptic devices that replicate the feel and behavior of real 

surgical devices. Healthcare studies that utilized only HMDs are selected for this review (see 

Table 6) as other VR training systems such as MIST VR trainer are more sophisticated simula-

tors for surgery that falls outside the scope of this review. Although a more mature domain for 

VR based training, HMD based VR applications aren’t predominant in medicine. This could 

be because surgical procedures trained such as laparoscopic surgery involves camera manipu-

lation, hand–eye coordination and bimanual maneuvering, which are accomplished by observ-

ing the monitor and the additional affordances of HMDs don’t add extra value here (Li et al. 

2017a, b). Huber et al. (2017) confirmed it in their study where combination of LapSim (from 

Surgical Science, Sweden) with HMD led to high levels of immersion, but there was no signif-

icant difference in the training effect. However, there are some use cases in healthcare training 

VR HMD’s seem to add value, such clinical competence training for nurses (Dang et al. 2018) 

and operating room fire prevention and control training (Sankaranarayanan et al. 2018).

The skill trained in the health care domain range from cognitive skills such as surgical 

procedure (Yoganathan et al. 2018), safety procedure in operating room (Sankaranarayanan 

et al. 2018) and motor skills related to surgery (Anglin et al. 2017).

4.5  Aerospace and Aviation Training

Training in contexts that are impossible or very difficult to create or simulate is a reason 

for using VR in space training. Training for space operations has inherent challenges due 

to the very limited chance for on-the-job/hands-on training possibilities. There have been 

some successful use cases for VR based training systems in the space and aviation domain. 

One such use case is the Hubble scope maintenance mission training in VR. In the peb-

ble repair mission, the astronauts had to operate a tele-robot in space using five different 

camera views on three monitor. VR-based training was utilised for enabling the astronauts 

to develop and maintain a dynamic 3D image in their head about the manipulator system to 

the Space Station, Shuttle and Payload (Logan 1998). For the space shuttle mission train-

ing, limited availability of personnel and training facilities made it challenging for train-

ing a large number of flight team members. The training facilities and simulations are pri-

oritised for the crew and selected members of the primary flight team. Hence, the support 

and planning teams get very limited available time for training. An effective training was 

required for a 100-person team without the possibility of using the real telescope. VR was 

adopted for solving this challenge and to provide accurate knowledge of the geometry of 
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Hubble Telescope and procedural steps of the planned maintenance (Loftin and Kenney 

1995). It was also noted that this VR-based training design was supported both by a task 

analysis method for training requirements and an intelligent tutoring system was utilised to 

define the learning scenarios.

VR was used for training both cognitive skills associated with task procedures and psy-

chomotor skill associated with spatial orientation in the aerospace domain. Table 7 sum-

marizes the results for these studies.

4.6  Defense Training

Military has long relied upon simulation-based training for preparing and keeping the soldiers 

battle ready. VR has been adopted in military for training due to its ability to allow defense 

personnel to try a range of simulations, without the associated costs, thus highly reducing 

training budgets while increasing safety. VR is applied in defense training programs, with sim-

ulators ranging from basic shooting systems into more immersive situations. VR enable the 

trainees to experience a particular situation within a controlled environment. For example, a 

battlefield scenario in which they can interact with events but without any personal danger to 

themselves. Soldiers can train in any number of different situations, environments and prepare 

them for combat situations or other dangerous settings. In the reviewed studies VR is mainly 

used in military training for providing situational experience such walking through the trainees 

in extreme situations such as parachute jump, navigating in the jungles, behind the enemy lines 

etc. For example, in the study investigating VR for topographical training, soldiers trained 

with high level VR showed better directional accuracy than other training modes (Singer et al. 

1997). In another study on aerial door gunnery training, VR group outperformed LCD display 

group in gunner performance (Stevens and Kincaid 2015). Four of the reviewed studies were 

from the late 90 s that used previous generation VR technology (See Table 8) which could 

partially explain the interaction challenges by the participants in some of these studies from 

that period (Hall et al. 1998). Research related to defense usually takes longer period to declas-

sify and normally not published in the research articles. This could be a reason why we haven’t 

found many military VR training application in our search. The summary of the results from 

the VR applications for defense training is provided at Table 8.

4.7  Other Domains

Apart from the above-mentioned 6 major application domains, there have been attempts to 

utilize VR technology for training for sports, teacher training, calligraphy, etc. VR has been 

found to improve the awareness of the kindergarten caregivers to the toddlers’ emotional 

experiences (Passig and Noyman 2001). VR assisted teacher training also found to signifi-

cantly improved Classroom Management skills of Pre-service teachers (Lugrin et al. 2018). 

In the study focusing on oriental calligraphy, it was found that that training and transfer 

effects of VR were comparable and, in some situations, better than real training (Yang and 

Kim 2002). There are also increased interest in sport training applications for VR due to 

the realistic experiences’ athletes might get from VR simulations. In the study investigated 

American football training using VR found two significant benefits of using VR for train-

ing: (1). VR provides trainees the ability to continue practicing their mental preparedness, 

(2) VR effectively and proactively reduces the injury possibilities of trainees by avoiding 

the physical impacts particularly to the player’s heads (Huang et  al. 2015a). The results 

from these domains are summarized in Table 9.
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4.8  Summary of Types of Skills Trained

Figure 4 shows the breakdown of the types of skills trained in the review studies. Skills 

related to remembering and recalling procedures are most trained skills in the reviewed 

articles. This is in line with the high numbers of assembly, maintenance and procedure 

training applications. It is followed by spatial knowledge acquisition skills such as visual 

scanning, head movements and observation skills. VR has an advantage for training spatial 

skills due to head tracking (more natural interaction) and immersion. There are also studies 

that investigate VR’s ability to train skills such as behavioral, emotional, motor and senso-

rimotor skills.

4.9  Training Evaluation Method

When it comes to the methodologies for assessing the effectiveness of VR based training, 

evaluating the task performance post training is the extensively used method. 33 studies 

used between subject design for their experiments, 8 studies used within subject design and 

5 used mixed methods as their study design. The metric for assessment comes under 3 main 

categories: (1) Performance measures; (2) Self-reported measures and (3) Observations. 

0 5 10 15 20 25 30 35

Spatial knowledge acquisition skills

Cognitive skills (memory, procedure, technical)

behavioural skills

Psychomotor skills

Motor skills

Emotional skills

Cognitive + Psychomotor

Sensorimotor skills

Other

Number of studies

Type of skill trained

Fig. 4  Type of skill trained using VR
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User evaluation

Observation study

Number of studies 

Study design

Fig. 5  Experimental method used in the studies
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Performance measures evaluate the acquired skills and knowledge post exposure to the 

VR based training. The reviewed studies used performance measures such task completion 

rate, accuracy, sequence of steps done right, error rate, temporal, and behavioral measures 

etc. 12 of the reviewed studies were user evaluations. These are mainly self-reported meas-

ures such as questionnaires, rating scales and interviews that capture the user perceptions 

on the training methods. User perceptions included self-efficacy score, user satisfaction, 

usability, self-reported difficulty, immersion and presence scales, etc. Observations are the 

expert evaluations and researcher’s survey about outcome of training. Figure 5 shows the 

breakdown of study designs among the review articles.

4.10  Types of Study Participant

The type and number of study participants add remarkable weight to the significance of 

conclusions and generalizability of each study results. University students and staff are 

the most commonly used participants in the review studies (See Fig. 6). Although the VR 

training applications were meant for professional training, only 19 of the reviewed studies 

used industry professionals and 6 studies used professional students as study participants. 

Rest of the studies appears to be utilizing convenience sampling since majority of the VR 

training applications developed and tested in university laboratories. This sampling bias 

raises the issue of how well the target populations are represented in these studies.

4.11  VR Proliferation

The publication years of the reviewed articles follow the technology trend of VR as dis-

cussed in the background section. As expected, there is a clear increase of research publi-

cation in the period after 2013. 52% of the reviewed article were published in the period 

between 2013 and 2018 (Fig. 7). This is in line with the proliferation and popularity of the 

technology post the arrival of HMDs that are both more efficient and affordable. Compared 

to the VR studies from the 90  s, VR technology has improved to an impressive degree. 

Especially improvements in computing power and display technology have solved many of 

the problems from the previous generation of VR in the 90 s, such as low resolution, high 

latency, heavier headsets, etc.

0 5 10 15 20 25 30 35

University Students & Staff (general)

Students (professional)

Professionals

Unspecified

Number of studies

Participant type

Fig. 6  Types of study participants
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5  Discussion

This systematic literature review retrieved a range of VR applications that have been 

developed for training across various professional fields. Our search identified 6 major 

domains of VR applications in training in the literature to date, designed to train peo-

ple in professional settings and for specific job-related competencies. In addition, few 

emerging application areas, such as sports training, teacher training etc. were identified 

in the review. VR applications are innovative tools that promises to have huge potential 

for education and training in general. The key benefits of VR mentioned in the reviewed 

studies are, VR allows trainees to understand the spatial relationships and concepts, and 

provides meaningful, contextual and situated learning experiences. In the applications 

listed in the review, VR helps to create realistic simulated experiences. Several of these 

VR applications were viewed and argued as a valid and reliable method for training. 

The studies that spanned over 30  years used different VR devices based on the state-

of-the-art of that time. These devices ranged from very low resolution-high latency to 

high resolution-low latency, varying quality of tracking and locomotion mechanisms. 

Although technology limitations affected the user experiences, key features of VR such 

as high immersion and presences felt by the users have generally led to better perfor-

mances in different learning situations. Studies carried out in space training concluded 

VR to be the most effective training medium for space operations (Loftin and Kenney 

1995; Logan 1998). However, in this particular use case the VR training application 

was supported by a thorough job analysis and smart instructional design methods (Mel-

let-d’Huart 2009). Training in VR is shown to increase trainees’ confidence (Pulijala 

et  al. 2018), subjective attractiveness (Zhang 2017), enhancing skill retention (Babu 

et al. 2018; Carlson et al. 2015) and performance (Hall et al. 1998; Jung and Ahn 2018). 

Learner engagement and motivation is particularly important in safety training because 

more engaging and experiential safety training were found to be more effective than tra-

ditional training methods (Burke et al. 2006). The advantages of VR-based training are 

well-established by now. VR facilitates safe training environments, supports rehearsal of 

responses for emergency situations, enables skill acquisition through learning by doing, 

and provide training opportunities where training in real situation is not possible due 

to safety risk, cost and practicality. VR-based training could also be useful where real 

life or other training modalities are feasible due to the flexibility of VR for repetition, 

providing feedback and adaptive learning possibilities (Vaughan et al. 2016). Neverthe-

less, there are also experimental results that showed conflicting evidence on VR benefits 

(Kozak et al. 1993) or no benefits at all (Chua et al. 2003; Huber et al. 2017). In many of 
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successful VR training instances, it is important to note that the simulation and its accu-

racy in connection to the training objective is more important than the VR technology 

itself. Surgical training is a good example for this where VR based training is successful 

still high immersive VR HMDs aren’t generally preferred. In the following section, we 

discuss the identified challenges for VR-based training and come up with recommenda-

tion for VR adaptation for training in professional domains.

5.1  Challenges for VR in Training

There is a clear indication from the review for the increased interest in applying VR in 

professional training in recent years. Although VR was used for specific training situ-

ations for many decades, the technology is still fresh for most domains. To date, the 

education and training carried out through simulators is predominantly driven by tech-

nology and cost (Neubauer et al. 2017; Stedmon and Stone 2001). Simulator developers 

decide upon the specifications of consumer electronic technology based on their specific 

business model (e.g. technology level vs. cost), and ultimately what customers are will-

ing to pay for. The details and sophistication of the simulators are directly connected 

to the cost of the simulator. The recent interest on the HMDs and their application into 

training were based on the fact that the hardware is now much more advanced, relatively 

cheaper and facilitate highly immersive simulations that were only possible in high-end 

expensive simulators previously, if at all. As the simulated environment in VR is fully 

digital, it is also believed to be much more flexible. However, there are a few important 

limitations that need to be paid attention to. The first main limitation is the simulation 

content for VR. Production of VR simulations is still very expensive, and time consum-

ing. Most simulation applications tested in the reviewed studies were developed in labo-

ratories for very specific contexts of use. How this translates to real-life training setting 

with varying training goals is still unclear. In addition, VR is still relatively a new type 

of Human Computer Interface (HCI) where the users are immersed and interact in 3D. 

Formal understanding and evaluation of interaction within VR is problematic because 

of the limited understanding of HCI in immersive 3D (Bowman et al. 1998). Due to the 

immaturity of interaction design techniques for VR simulations, the user experiences 

vary to a large degree between different simulation applications. User familiarity to the 

technology is an important challenge to address. In the review, it was identified that sev-

eral studies reported cases of cybersickness and users struggling with the interaction in 

VR simulations.

The second main limitation lies in the VR hardware. Current consumer-grade VR 

HMDs are primarily designed for entertainment and media consumption. They were not 

designed keeping prolonged usage for educational and training settings in mind. VR 

device manufacturers themselves recommend frequent breaks while using VR HMDs to 

avoid discomfort. In traditional simulators, students could train for hours without break, 

but this is not possible yet with the current VR HMDs. The existing curricula for train-

ing might need to be modified for adopting VR HMDs.

In addition, there are also potential limitations, such as safety of the users and usabil-

ity issues while adopting VR for training. Other personal factors such as disabilities, eye 

issues, etc. could also influence the utilisation of VR for training for a wider range of 

users. In an educational and training context, this is critical because the educational and 

training medium should be usable by most of the target population.
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5.2  Recommendations for VR Adaptation in Training

Based on the review results on lessons learned and challenges for VR in training the 

following recommendations are proposed. Firstly, pedagogical and interaction aspects 

between the users and VR application should be carefully considered while adapting 

for training. In order to achieve a high degree of effectiveness, the design approach 

for VR based training should be supported by thorough analysis of the task and good 

instructional design methods. The training outcome and skill proficiency criteria 

should be well defined in order to assist trainees to develop skills through VR-based 

training.

When it comes to training applications for VR, the underlying learning theories are 

often overlooked or not paid enough attention. Most of the reviewed studies did not 

explicitly mention or explain the learning theories the VR applications were based 

on. Learning theories such as constructivism and experiential learning were briefly 

mentioned but how these theories are utilised in the development of their applications 

weren’t explained. This makes it challenging for the generalisability of the findings 

from the studies. In other instances, especially the studies that had user evaluations as 

assessment methodology mainly focussed on the usability of the VR application rather 

than the actual learning outcome itself. This we suspect is mainly due to the novelty of 

the technology to the particular domain and researchers were merely playing with the 

technology and ideas of applications. So, the future VR training applications should 

have clear training objectives and goals training outcome. Also, the training outcome 

should be evaluated through robust assessment methodologies to objectively measure 

the trainee’ increase of knowledge and skills in addition to measuring their training 

experiences.

Many of the technical challenges faced by the earlier studies, such as poor resolu-

tion, high latency and tracking issues are resolved in the latest generation of equip-

ment. VR technology has been heavily updated in recent time and it renders many of 

the usability issues, quality of experience and cybersickness results from older results 

invalid or less likely to occur with the new technology. However, these human factor 

issues are non-negligible in training applications. Once incorporated, the technology 

will be used by people in various age groups, gender and technology familiarity. With 

the different stakeholders and multidimensional nature of learning process combined 

with the complexity of VR technology, simulator developers and researchers should 

focus on the usability. It is important to develop and validate methods to quantify the 

quality of experience in VR, so that the impact of VR training applications on the users 

could be measured and better training experiences created. It was also evident from the 

review that there are varying maturity levels of VR applications between domains, and 

still a lot to be done for the development of VR applications for training. Also develop-

ing and sharing best practices for VR training applications within and across domains 

might prove useful for avoiding common issues such as familiarization and usability 

challenges.

Finally, it could be safely said that VR has survived the initial phase in technol-

ogy adaptation and has shown good potential as a training tool for many professional 

domains. However, before VR applications can be widely used as a training medium it 

must be demonstrated that it is an effective medium for learning skills and transferring 

them to real life settings. It is important to thoroughly investigate VR’s applications 

and assess its true value and place within training before implementation.
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5.3  Future Research

To better understand the barriers in VR based training and find ways to reduce them, the 

future research should move away from laboratory-style experiments and focus on the 

use of educational VR in realistic settings, as part of educational or training programme. 

As presented in the findings above, the actual context of use has a great influence on the 

learner experience. Majority of the reviewed studies focussed on very short-term use of 

VR-based training tools in experimental settings. However, we couldn’t find many follow-

up studies on the retention of skills acquired through these innovative training methods. 

Future research should also examine the effects of prolonged and repeated usage of the 

technology in skill acquisition as well as the user’s motivation on using the technology.

Since VR training applications are heavily reliant on technology, educators and 

researchers have to rely on the technology developments from elsewhere. The development 

of VR technology is predominantly driven by industries outside education such as gam-

ing and entertainment. The generalisation of VR technology for training is a key issue to 

address in the future research. Apart from few bespoke VR HMD’s that are tailor made 

specific training needs, majority of training application would have to settle with off-the-

shelf VR technology. The field could benefit highly with a guideline or blueprint to select 

the right VR technology for its application requirement.

The future studies should also be explicit on the theoretical foundations of their VR 

application and describe the development process of their training and course content.

One main reason for the renewed interest in VR technology is the cost and availability 

of the hardware. However, the cost-effectiveness of VR simulators for training compared 

to other training approaches is still largely unknown. Although the hardware cost has dra-

matically come down in recent years, it is still expensive and time-consuming to develop 

software for the VR systems. The cost–benefit of using VR-based training systems to train 

professional should be studied to quantify the financial benefits using VR in training. This 

is important for justifying the adaptation of VR in non-safety critical domains. It is also 

important to address the specific human factors issues associated with the VR technology 

prior to its application on educational and training settings. More research should be per-

formed on the ergonomics, usability, quality of experience and effects of prolonged usage 

of VR on the users from the educational application perspective.

5.4  Limitations of the Review

The studies included in this review came from a wide range of training and educational con-

texts. Despite most studies had positive findings towards the use of VR HMDs in training, it is 

still hard to make a concluding statement on the effectiveness of VR HMDs in training. This 

is mainly due to the wide range of training applications and differing quality of research stud-

ies. Regarding the research quality, an important weakness in many studies was the measure-

ment of learning outcomes without giving arguments for the validity of the evaluation instru-

ment. Figure 5 summarized the type of experimental design used for studying the VR training 

applications. The majority of the studies utilized between-subject study design to compare VR 

training with other modes of training. Although case–control method was utilized in labora-

tory-based studies, most studies used convenience sampling. Though focused on professional 

training setups, majority of the studies used university students as participants. This concerns 

the representation of the sample to the actual end-users of the training systems. Furthermore, 
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the review showed that many studies were in fact user evaluations (12 studies) of VR products 

that did not seek to uncover more general knowledge about learning in VR, and at the same 

time had an unavoidable bias towards a positive evaluation.

From the review point of view, due to omit/improper use of keywords, it is possible that 

relevant articles were not within the range of search of this study. Although additional arti-

cles deemed relevant were found through cross-referencing, this might be the reason for an 

incomplete overview of all VR training application described in the literature. Inclusion and 

exclusion criteria employed in the review might have some inherent limitations as well. Inclu-

sion of grey literature such as PhD theses, technical reports, non-English research articles and 

whitepapers might have led to more exhaustive results, potentially with a larger representation 

from the industry.

6  Conclusion

In this article, we have reported the results from a systematic mapping study that reviewed 

the previous empirical studies focusing on the application of immersive VR for professional 

training. The review aimed to contribute to the knowledge of the scientific evidence on the 

effectiveness of VR for education and training. The findings of this review provide insights 

for educators and researchers into: (1) the different professional domains where VR technol-

ogy was utilized for skill training (2) the types of research methods employed by previous VR 

studies in these domains for measuring the outcome, and (3) the types of skills trained using 

VR, and their related findings. The review identified a number of training situations where VR 

were highly valuable, such as industrial, aerospace, health care, defence, safety and emergency 

preparedness training. Overall, we found that majority of reviewed studies considered VR as a 

promising technology to enhance the learning process of trainees due to its ability to provide 

experiential learning, higher levels of interaction and encourage active learner participation. 

This combined with the availability of affordable VR headsets has led to increased interest 

in applying VR in educational and training settings. Still, this promise of effective training 

through immersive, simulation-based training should be supported by scientific evidence from 

testing VR training applications. As discussed in the limitations, it is still difficult to make a 

concluding statement on the effectiveness of VR HMDs in training. Differing quality and lack 

of robustness of studies point to the need for further and more rigorous research that examines 

the most promising uses of HMDs in authentic training contexts.
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