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Abstract
The evolving complexity of Virtual Reality (VR) technologies necessitates an in-depth 
investigation of the VR features and their specific utility. Although VR is utilized across 
various skill-training applications, its successful deployment depends on both technical 
maturity and context-specific suitability. A comprehensive understanding of advanced VR 
features, both technical and experiential, their prospective impact on designated learning 
outcomes, and the application of appropriate assessment methodologies is essential for 
the effective utilization of VR technologies. This systematic literature review explored the 
inherent associations between various VR features employed in professional training envi-
ronments and their impact on learning outcomes. Furthermore, this review scrutinizes the 
assessment techniques employed to gauge the effects of VR applications in various learn-
ing scenarios. The Preferred Reporting Items for Systematic Reviews and Meta-Analyses 
(PRISMA) method was used to systematically select 50 empirical VR studies sourced from 
three (03) academic databases. The analysis of these articles revealed complex, context-
dependent relationships between VR features and their impact on professional training, 
with a pronounced emphasis on skill-based learning outcomes over cognitive and affec-
tive ones. This review also highlights the predominantly subjective nature of the assess-
ment methods used to measure the effects of VR training. Additionally, the findings call for 
further empirical exploration in novel skill training contexts encompassing cognitive and 
affective learning outcomes, as well as other potential external factors that may influence 
learning outcomes in VR.
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1 Introduction

Virtual Reality (VR) is a computer-generated simulation technology that combines 
computer graphics, artificial intelligence (AI), sensor technology, and parallel process-
ing technology (Chavez & Bayona, 2018). First emerging in the 1960s, VR has evolved 
into a wide range of modalities such as Head Mounted Displays (HMDs), creating a 
more immersive experience in comparison to Cave Automatic Virtual Environment 
(CAVE VR) systems because of the higher sensory stimuli it offers (Slater & Sanchez-
Vives, 2016). Other non-immersive VR systems facilitate user interaction in tradi-
tional interfaces by allowing the user to look into the virtual environment from outside 
instead of being surrounded by it; for example, in desktop screens and web-based envi-
ronments with mice and keyboards (Zeng & Richardson, 2016).

VR has evolved from its origins in entertainment to serving many innovative 
purposes including education and training. Its use in professional training, which 
emphasizes mastering the complex skills essential for applying learned principles 
in real-world vocational and professional contexts, stands out as a notable applica-
tion (Renganayagalu et  al., 2021). Various industries, including aviation, processing, 
healthcare, energy, space, industrial robotics programming, and seafarer training, have 
enthusiastically adopted VR for professional training (Kaplan et  al., 2021; Mallam 
et al., 2019; Moglia et al., 2016; Nathanael et al., 2016; Nazir et al., 2015). This shift 
has prompted research to explore new VR technologies and features to enhance their 
efficiency in various professional training contexts. For example, a literature review 
by Jensen and Konradsen (2018) identified a few cognitive and motor skill training 
situations where using HMD VRs would be beneficial over other alternatives. Suh and 
Prophet (2018) proposed a framework that examined the interplay among technologi-
cal stimuli, cognitive and affective reactions, and individual differences in VR applica-
tions within the domains of business, marketing, and education. Chavez and Bayona 
(2018) conducted a systematic literature review to identify various VR features and 
their impacts on the learning process. Radianti et  al. (2020) explored immersive VR 
platforms in the context of professional training largely focusing on a range of learn-
ing theories, as well as design elements of VR applications and learning contents. In 
recent systematic reviews, Matovu et  al. (2022) examined the impact of various sen-
sory and actional design features of VR on science teaching and learning, while Gu 
et al. (2023) explored the influence of different technical features of VR on autonomy, 
human-computer interaction, and presence during training.

However, existing research on VR features and their application in professional 
training has not thoroughly explored the specific effects of VR features on different 
types of professional skill training and their corresponding learning outcomes, indicat-
ing a gap in the literature in this area. The absence of insight into whether different 
VR features positively or negatively affect specific types of skill training served as the 
motivation for this review. Understanding the specific effects of VR features on diverse 
skill training and associated learning outcomes, along with knowledge of suitable 
methods for evaluating these effects, would enhance the applicability of VR for more 
targeted learning strategies. Therefore, the results of this systematic literature review 
could inform future VR hardware and software development to cater more effectively 
to specific educational and training requirements.
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1.1  Theoretical Background

A thorough comprehension of VR’s foundational influence on learning processes is 
required to understand its effect on training. This encompasses recognizing pertinent 
learning theories, pinpointing which learning types excel with VR, and selecting the 
best-suited VR technologies. While research has delved into VR’s multifaceted role in 
training, the findings are often disparate and tailored to specific contexts (Baceviciute 
et  al., 2022; Dalgarno & Lee, 2010; Makransky & Lilleholt, 2018; Makransky & 
Petersen, 2019).

In order to elucidate the mechanism behind learning in VR, Loke (2015) unveiled 11 
theories in a comprehensive review of 80 studies. These theories include experiential 
learning, situated learning and self-efficacy, along with constructivist learning theories. 
While constructivism is often the primary theoretical foundation for learning in virtual 
environments (Mikropoulos & Natsis, 2011), other learning mechanisms, such as reflec-
tion, verbal interactions, mental operations and vicarious experiences, are equally rel-
evant within VR training. However, there is no “one theory fits all” due to their reliance 
on specific technical and experiential VR features, such as avatars, interactivity, pres-
ence, immersivity, fidelity, and user embodiment to explain the learning process in VR. 
Makransky and Lilleholt (2018) also demonstrated how VR features play a mediating 
role between technology and essential cognitive-affective factors germane to learning in 
an empirical context.

Similarly, in an effort to analyse learning outcomes from a pedagogical perspec-
tive, Kraiger et  al. (1993) delineated a framework that categorizes the outcomes into 
three distinct types: cognitive, skill-based, and affective. This framework is grounded in 
the earlier works of Bloom et al.’s (1956) taxonomy of cognitive learning and Gagne’s 
(1984) theories of affective learning. Studies focusing on VR training have sporadically 
addressed these learning outcomes, taking advantage of VR’s ability to facilitate 3D 
spatial representation, immersive experiences, real-time  and intuitive manipulation of 
virtual worlds within a single multisensory visual interaction system (Mikropoulos & 
Natsis, 2011).

These learning theories and associated constructs, outdated by advances in learning 
technologies, often require revisits to consider emerging educational methods and tech-
nologies (Hammad et al., 2020). In exploring the effect of VR technology on learning, 
Makransky and Petersen (2019) identified two learning paths, affective and cognitive 
learning, where the learning process is more closely linked with VR features than their 
usability. In empirical studies, the  3D features of VR have been found to be benefi-
cial for higher-level cognitive learning outcomes, whereas interactivity and haptic feed-
back are considered beneficial for active skill-based learning (Allcoat & von Mühlenen, 
2018). Hoffmann et al. (2014) noted that the use of avatars in virtual environments can 
enhance affective learning outcomes such as goal setting. Furthermore, experiential VR 
features that induce subjective psychological responses, including presence and immer-
sion, are intrinsically linked to the overall learning process (Shin, 2017). Dalgarno and 
Lee (2010) proposed an expanded learning model for interactive 3D virtual environ-
ments. This model indicates how VR technologies featuring representational fidelity 
and learner interaction facilitate the construction of identity and a sense of presence for 
learners, which results in different learning benefits, including spatial knowledge rep-
resentation, experiential learning, engagement, contextual learning and collaborative 
learning. Extant literature also emphasizes the need to effectively evaluate the impact of 
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VR on learning to gauge its effectiveness (Kaplan et al., 2021; Merchant et al., 2014), 
allocate resources properly (Sitzmann, 2011), evaluate learners’ experiences (Radianti 
et  al., 2020), and understand the broader applicability of VR-based training (Slater & 
Wilbur, 1997).

However, despite the potential benefits of VR in enhancing learning outcomes (e.g., 
cognitive, skill-based, or affective), there remains a significant gap in empirical research 
and a lack of understanding about how specific VR features, both technical and experien-
tial, affect the different types of skill training (e.g., procedural skills, spatial skills etc.) and 
associated learning outcomes. Therefore, a systematic analysis of VR features’ utility rela-
tive to diverse learning outcomes is crucial for optimizing VR training interventions.

1.2  The Aim of this Study

Considering the existing theoretical gap and absence of a comprehensive framework delin-
eating the relationship between the varied technical and experiential features of VR and 
their respective impacts on different skills training in a professional context, this systematic 
literature review sought to aggregate empirical evidence. Specifically, it aimed to elucidate 
how distinct VR features influence diverse learning outcomes and skill training within pro-
fessional domains. In addition, this review examined diverse assessment methods in VR-
based training to discern the influence of specific features within these training scenarios.

Therefore, the following research questions were formulated:

RQ1:  How are technical and experiential VR features operationalized and their effects 
assessed within professional training contexts?

RQ2:   How do these VR features influence different skill training and associated learning 
outcomes across diverse professional training scenarios?

2  Methods

This systematic review included primary sources related to the use of VR in professional 
training. The review followed The Preferred Reporting Items for Systematic Review and 
Meta-Analyses (PRISMA) protocol (Moher et  al., 2009). Several inclusion and exclu-
sion criteria were determined during the document screening process, as listed below (see 
Table 1).

Table 1  Inclusion and exclusion criteria

Inclusion criteria Exclusion criteria

Peer-reviewed journal articles published in English only Grey literature (white 
papers, technical 
reports etc.)

Studies related to professional training using VR Conference proceedings
Comparative research where VR is compared with other methods of training Studies that did not use 

VR in a simulated 
training environment

Empirical studies Review articles
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2.1  Search Methods

The PRISMA framework is used to reduce bias with predefined approaches that enhance 
clarity and transparency while ensuring the replicability of data collection (Booth et  al., 
2016). Three (03) academic databases, Web of Science, Scopus, and Education Resources 
Information Center (ERIC), were used to operationalize the search using a search string 
(see Table 2).

The search was performed on the 5th of June 2023 in the databases without defining any 
time limit. All abstracts of the documents were screened based on the predefined inclusion 
and exclusion criteria. Qualitative synthesis of the documents followed the PICOC criteria 
during data extraction, as mentioned in Table 3.

2.2  Data Extraction

The document search returned 1673 records, of which 348 were identified as duplicates 
through conditional formatting in Excel, following Kwon et al. (2015). The abstracts of the 
remaining 1325 records were screened based on the inclusion and exclusion criteria. Con-
sequently, 183 full-text records remained for further screening. The first author performed a 
full-text review of all the 183 studies. An inter-rater reliability check was performed while 
each author reviewed the dataset and articles independently. Subsequently, a crosscheck 
was performed to verify whether the results conformed to each other. After completing the 
process, a final set of 50 articles was selected for further analysis. The document selection 
process is depicted in the PRISMA flow diagram (see Fig. 1).

All 50 studies were qualitatively synthesized corresponding to the research questions, 
categorizing professional domains and identifying common VR features across diverse 
training contexts. We extracted the emphasis on specific VR features from each study. 

Table 2  Search keywords used in databases

Search string (“Virtual realit*” OR “Immersive VR” OR “head mounted display*”) AND (“affordance*” 
OR “afford*” OR “characteristic*” OR “trait” OR “feature” OR “property” OR “proper-
ties”) AND (“simulat*”) AND (“learning” OR “pedagogy” OR “training” OR “educa-
tion”)

Table 3  PICOC criteria of the review.  (adapted from Booth et al., 2016)

PICOC element Description

Population Professional VR training in safety-critical domains (e.g., aviation, process, maritime or 
healthcare industries etc.)

Intervention VR simulators, both with HMD and non-HMD devices, are used for training, and their 
learning outcomes are compared against other methods

Comparison VR is compared against traditional mode of instructions as well as other technologies
Outcomes Learning outcomes from VR training, both self-reported and those measured quantita-

tively
Context Studies utilizing VR for simulator training in empirical contexts
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Qualitative synthesis was used to reveal the learning outcomes in these studies, which 
encompassed skill-based, cognitive, and affective domains. Our analysis also explored how 
VR features influence specific types of skill training in each study’s experimental context. 
We also examined the methods used to evaluate and measure the outcomes of various VR 
features in each experiment, resulting in a comprehensive understanding of their operation-
alization and effects in professional training scenarios, allowing for a nuanced and detailed 
analysis.

3  Results

3.1  VR Features

The examination of 50 studies revealed a myriad of VR features and their effects in a 
range of professional training contexts. In this review, healthcare-specific VR studies were 
the most prevalent (60%), followed by education-related studies (26%). A miscellaneous 

Fig. 1  PRISMA flow diagram adopted from Page et al. (2021)
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category, comprising a diverse range of VR applications, accounted for the remainder. This 
included police, forestry, sports, process industry, driving, language, and organizational 
training, each at 2% (see Fig. 2).

The technological features of VR, as identified, primarily pertain to hardware-oriented 
aspects, such as stereoscopic display, haptic feedback, 3D visuals, user interaction, immer-
sivity, high-fidelity environments, multisensory integration, computer-generated real-time 
feedback, wider field of view, and avatars. Conversely, the experiential features identified 
were user-perceived and distinct from VR hardware-oriented features. These encompassed 
user autonomy, an enhanced sense of presence, user embodiment, exercise repeatability, 
and a safe environment.

It was found that not all features are concurrently used in a single VR system; instead, 
a common practice is to employ a mixture of different VR features in context-dependent 
applications. The results indicate that haptic feedback and stereoscopic displays are the 
most utilized VR features followed by interaction capabilities and 3D visuals as portrayed 
in the identified studies (see Fig. 3).

3D visuals, interactivity and haptic feedback remain the most common technical fea-
tures of VR whereas stereoscopic displays, wider field of view, and multi-sensory integra-
tion appears to be the differentiating factors between HMD and non-HMD VR systems (see 
Table 4).

3.2  VR for Skill Training with Various Learning Outcomes

The domain-specific professional training studies identified in this review largely utilized 
VR for motor skill training (45%), followed by Non-Technical Skills (NTS) (15%), spatial 
skills (6%), problem-solving skills (2%), technical skills (8%) and procedural skills (8%), 
recognition and identification skills (6%), teaching skills (4%), perceptual cognitive skills 
(2%), and language learning skills (4%) (see Fig. 4).

This literature review identified a spectrum of VR effects on different skill training, 
such as positive, negative, neutral, or mixed, depending on the specific VR features 

Fig. 2  Breakdown of different domains from the reviewed articles
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employed. Here, we define the terms as follows: a ‘positive effect’ denotes an increase 
in learning outcomes from VR training; a ‘negative effect’ implies a reduction in learn-
ing outcomes; a ‘neutral effect’ signifies no observable difference between VR and other 
learning methods. Finally, a ‘mixed effect’ represents a situation where multiple VR 
features act together, with some being beneficial and others being non-beneficial for the 
learning outcome. A detailed account of the feature-specific effects of VR on various 
skill trainings across different domains is provided in Table 4.

By categorizing learning outcomes into skill-based (encompassing technical, pro-
cedural, motor, recognition, and identification tasks), cognitive (including spatial, 
problem-solving, teaching, language, and other perceptual skills), and affective (e.g., 
NTS) categories, it can be observed that VR training prioritizes skill-based outcomes, 
yielding largely positive results. Cognitive outcomes were associated with less frequent 
VR applications, while affective outcomes were least associated with VR training (see 
Fig. 5).

Fig. 3  Technical and experiential features of VR in HMD and non-HMD modalities (Here, the y-axis rep-
resents the identified VR features while the x-axis represents their frequency of being focused within the 
identified studies)
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3.3  Assessing the Effects of VR Training

Measuring the effects of VR training has been a widely discussed topic in the literature, where 
the challenges of providing an objective and unbiased assessment of these effects have been 
highlighted (Chou & Handa, 2006; Topalli & Cagiltay, 2019). However, in the analysed stud-
ies, the assessment techniques identified were predominantly subjective, relying on methods 
such as self-rated scores, open-ended questions, Likert-scale surveys, and various types of psy-
chological measures. In contrast, measuring activity or response time, movement data (e.g., 
eye-tracking), rate of task completion, etc. are some of the under-utilized objective assessment 
methods that have been employed in VR training (see Table 4).

*Positive (+), negative (−), neutral (=) and mixed effect ( ) of different VR features in 
comparison to the alternative training methods.

Fig. 3  (continued)



852 H. M. Tusher et al.

1 3

4  Discussion

This systematic literature review delved into the operationalization of technical and experi-
ential VR features within professional training contexts. Specifically, it examined how vari-
ous skill trainings are influenced by these VR features and their associated learning out-
comes across diverse professional training scenarios. This section is structured into distinct 
subsections, each addressing specific aspects of the research. Sections  4.1, 4.2, and 4.3 
include discussions related to diverse technical and experiential VR features, as well as a 

Fig. 4  Effect of VR training on identified skills (Here, the y-axis represents different skills, while the x-axis 
represents their frequency of being focused within the identified studies)
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comparison of the review’s findings with existing literature. Section 4.4 highlights several 
implications in the areas of theory, methodology, and pedagogical practice related to the 
findings of this study. Finally, Sect. 4.5 and 4.6 discuss potential future research directions 
and the inherent limitations of this literature review, respectively.

4.1  Technological Features of VR and Their Effect on Skill Training

This study identified several major technological features of VR that are widely used in 
professional training contexts, including stereoscopic displays, haptic feedback, 3D visuals, 
interactive interfaces, immersivity, high fidelity, multisensory integration, real-time feed-
back, and avatar representation. The split in technological characteristics between HMD 
and non-HMD VR manifests a clear distinction in their respective capabilities. For exam-
ple, stereoscopic display and wider field of view characterise the significance of visual 
experience in HMD VRs, whereas interactivity and haptic feedback distinguish non-HMD 
VRs for their suitability for enhanced motor experiences (see Fig. 3). However, the pres-
ence of any specific VR feature can affect skill training in multiple ways, as observed in 
this literature review. In other words, certain technical and experiential features appear to 
support specific types of skill training more effectively than others. The intricate nature of 
these relationships can also be highly contextual (see Table 5).

Fig. 5  VR training for specific learning outcomes (Here, the x-axis represents the type of learning out-
comes, and the y-axis represents their frequency of being focused within the identified studies)



854 H. M. Tusher et al.

1 3

Ta
bl

e 
4 

 R
el

at
io

ns
hi

p 
be

tw
ee

n 
V

R
 fe

at
ur

es
 a

nd
 tr

ai
ne

d 
sk

ill
s

SL
V

R
 fe

at
ur

es
V

R
 e

nv
iro

nm
en

t
V

R
 d

ev
ic

es
Ta

rg
et

 sk
ill

 / 
ut

ili
ty

D
om

ai
n

Eff
ec

t*
M

et
ho

d 
us

ed
 to

 
as

se
ss

So
ur

ce

1.
Im

m
er

si
ve

U
se

r e
m

bo
di

m
en

t 
(fi

rs
t p

er
so

n 
pe

r-
sp

ec
tiv

e)

H
M

D
eM

ag
in

 Z
80

0 
3D

V
i-

so
r

Ps
yc

ho
m

ot
or

 sk
ill

s
Ps

yc
ho

ph
ys

ic
al

 sk
ill

s
+

Po
st-

te
st 

co
gn

iti
ve

 
qu

es
tio

nn
ai

re
s, 

op
en

-e
nd

ed
 q

ue
s-

tio
ns

Pa
rm

ar
 e

t a
l. 

(2
01

6)

2.
H

ig
he

r s
en

se
 o

f p
re

s-
en

ce
H

M
D

O
cu

lu
s R

ift
™

C
om

m
un

ic
at

io
n 

sk
ill

 
(n

on
-te

ch
ni

ca
l 

sk
ill

: N
TS

)

Ed
uc

at
io

n
+

Se
lf-

ra
te

d 
sc

or
es

, 
an

al
ys

is
 o

f v
oi

ce
 

fr
eq

ue
nc

y

Re
m

ac
le

 e
t a

l. 
(2

02
1)

3.
St

er
eo

sc
op

ic
 d

is
pl

ay
,

W
id

er
 fi

el
d 

of
 v

ie
w

,
U

se
r a

ut
on

om
y,

In
ex

pe
ns

iv
e,

Im
m

er
si

ve

H
M

D
O

cu
lu

s R
ift

 D
K

2
C

la
ss

ro
om

 m
an

ag
e-

m
en

t s
ki

ll,
N

TS

Pe
da

go
gy

 (t
ea

ch
er

 
ed

uc
at

io
n)

+
La

te
nc

y 
m

ea
su

re
-

m
en

t: 
vi

de
o-

ba
se

d 
m

ea
su

re
m

en
ts

 o
f 

th
e 

en
d-

to
-e

nd
 

la
te

nc
y 

us
in

g 
a 

fr
am

e-
co

un
tin

g 
m

et
ho

d

Lu
gr

in
 e

t a
l. 

(2
01

6)

4.
St

er
eo

sc
op

ic
 d

is
pl

ay
,

H
ig

h 
fid

el
ity

H
M

D
V

R
4 

H
M

D
C

om
pl

ex
 sp

at
ia

l 
sk

ill
s (

vi
su

os
pa

tia
l 

ca
pa

bi
lit

ie
s)

A
rc

hi
te

ct
ur

e 
ed

uc
a-

tio
n

+
C

om
pa

rin
g 

tim
e 

el
ap

se
d 

in
 n

av
ig

a-
tio

n 
us

in
g 

bo
th

 
m

od
al

iti
es

G
ra

nt
 &

 M
ag

ee
, 

(1
99

8)

5.
St

er
eo

sc
op

ic
 d

is
pl

ay
,

3D
 v

is
ua

l,
In

ex
pe

ns
iv

e,
Re

pe
at

ab
ili

ty
 o

f 
ex

er
ci

se
s

H
M

D
U

ns
pe

ci
fie

d
Pr

oc
ed

ur
al

 sk
ill

,
su

rg
ic

al
 sk

ill
 (p

sy
-

ch
om

ot
or

 sk
ill

s)

H
ea

lth
ca

re
+

Ev
al

ua
to

rs
, t

im
ed

 
ve

rb
al

 q
ue

sti
on

s, 
Li

ke
rt 

sc
al

es

Lo
hr

e 
et

 a
l. 

(2
02

0a
)

6.
St

er
eo

sc
op

ic
 d

is
pl

ay
,

W
id

er
 fi

el
d 

of
 v

ie
w

,
U

se
r a

ut
on

om
y,

3D
 v

is
ua

l

H
M

D
H

TC
 V

iv
e

Pr
ob

le
m

 so
lv

in
g 

sk
ill

En
gi

ne
er

in
g 

ed
uc

a-
tio

n
+

Su
cc

es
s r

at
e 

an
d 

co
m

pl
et

io
n 

tim
e 

w
er

e 
m

ea
su

re
d

W
u 

et
 a

l. 
(2

02
0)



855A Systematic Review of Virtual Reality Features for Skill…

1 3

Ta
bl

e 
4 

 (c
on

tin
ue

d)

SL
V

R
 fe

at
ur

es
V

R
 e

nv
iro

nm
en

t
V

R
 d

ev
ic

es
Ta

rg
et

 sk
ill

 / 
ut

ili
ty

D
om

ai
n

Eff
ec

t*
M

et
ho

d 
us

ed
 to

 
as

se
ss

So
ur

ce

7.
St

er
eo

sc
op

ic
 d

is
pl

ay
,

Im
m

er
si

ve
,

H
ap

tic
 fe

ed
ba

ck
,

U
se

r a
ut

on
om

y

H
M

D
V

ID
A

 O
do

nt
o

A
na

es
th

es
ia

 p
ro

ce
-

du
re

 (t
ec

hn
ic

al
 a

nd
 

pr
oc

ed
ur

al
 sk

ill
s)

H
ea

lth
ca

re
+

Ti
m

e 
an

d 
ac

cu
-

ra
cy

 m
ea

su
re

-
m

en
ts

, q
ua

lit
at

iv
e 

si
m

ul
at

or
 si

ck
ne

ss
 

qu
es

tio
nn

ai
re

C
ol

la
ço

 e
t a

l. 
(2

02
1)

8.
St

er
eo

sc
op

ic
 d

is
pl

ay
,

M
ul

tis
en

so
ry

 in
te

gr
a-

tio
n

H
M

D
Le

no
vo

 M
ira

ge
 S

ol
o

Le
ar

ni
ng

 st
ra

te
gy

Ed
uc

at
io

n 
ps

yc
ho

l-
og

y
+

Q
ue

sti
on

na
ire

K
lin

ge
nb

er
g 

et
 a

l. 
(2

02
0)

9.
St

er
eo

sc
op

ic
 d

is
pl

ay
,

Sp
at

ia
l r

ep
re

se
nt

a-
tio

n,
M

ul
tis

en
so

ry
 in

te
gr

a-
tio

n

H
M

D
Le

no
vo

 M
ira

ge
C

og
ni

tiv
e 

an
d 

aff
ec

-
tiv

e 
le

ar
ni

ng
O

rg
an

iz
at

io
na

l 
tra

in
in

g
+

Pr
e-

se
ss

io
n 

an
d 

po
st-

te
st 

su
rv

ey
 

qu
es

tio
nn

ai
re

B
ac

ev
ic

iu
te

 e
t a

l. 
(2

02
2)

10
.

St
er

eo
sc

op
ic

 d
is

pl
ay

,
Im

m
er

si
ve

H
M

D
nV

is
or

 S
X

60
 (b

y 
N

vi
s I

nc
)

Le
ar

ni
ng

 re
la

tiv
e 

m
ot

io
n 

co
nc

ep
ts

Ed
uc

at
io

n
+

Ep
ist

em
ol

og
ic

al
 

be
lie

f q
ue

sti
on

-
na

ire
,

re
la

tiv
e 

m
ot

io
n 

pr
ob

le
m

 so
lv

-
in

g 
qu

es
tio

nn
ai

re
 

(R
M

PS
Q

),

K
oz

he
vn

ik
ov

 e
t a

l. 
(2

01
3)

11
.

St
er

eo
sc

op
ic

 d
is

pl
ay

,
In

ex
pe

ns
iv

e,
H

ig
h 

fid
el

ity
,

In
te

ra
ct

iv
e

H
M

D
O

cu
lu

s R
ift

Su
rg

ic
al

 o
nc

ol
og

y 
sk

ill
s (

m
ov

em
en

t 
an

d 
tim

e 
effi

ci
en

cy
)

H
ea

lth
ca

re
+

O
bj

ec
tiv

e 
m

ea
su

re
-

m
en

t (
tim

e,
 m

ov
e-

m
en

t m
ea

su
re

s)
, 

an
d 

se
lf-

as
se

ss
m

en
t 

sc
or

es

B
in

g 
et

 a
l. 

(2
01

9)

12
.

St
er

eo
sc

op
ic

 d
is

pl
ay

,
In

te
ra

ct
iv

e,
3D

 v
is

ua
l,

H
ap

tic
 fe

ed
ba

ck
,

U
se

r a
ut

on
om

y

H
M

D
H

TC
 V

iv
e

Re
co

gn
iti

on
 a

nd
 

id
en

tifi
ca

tio
n 

sk
ill

H
ea

lth
ca

re
-

Po
st-

te
st 

m
ea

su
re

s 
(r

ec
og

ni
tio

n 
te

st)
Li

eb
er

m
an

n 
et

 a
l. 

(2
02

1)



856 H. M. Tusher et al.

1 3

Ta
bl

e 
4 

 (c
on

tin
ue

d)

SL
V

R
 fe

at
ur

es
V

R
 e

nv
iro

nm
en

t
V

R
 d

ev
ic

es
Ta

rg
et

 sk
ill

 / 
ut

ili
ty

D
om

ai
n

Eff
ec

t*
M

et
ho

d 
us

ed
 to

 
as

se
ss

So
ur

ce

13
.

St
er

eo
sc

op
ic

 d
is

pl
ay

,
3D

 v
is

ua
l,

H
ap

tic
 fe

ed
ba

ck

H
M

D
H

TC
 V

iv
e

Ro
ot

 c
an

al
 d

et
ec

tio
n 

(id
en

tifi
ca

tio
n 

sk
ill

)
H

ea
lth

ca
re

=
Po

st-
de

m
on

str
at

io
n 

qu
es

tio
nn

ai
re

Re
ym

us
 e

t a
l. 

(2
02

0)

14
.

St
er

eo
sc

op
ic

 d
is

pl
ay

,
Re

pe
at

ab
ili

ty
 o

f 
ex

er
ci

se
s

H
M

D
O

cu
lu

s R
ift

H
an

d 
po

si
tio

ni
ng

 
sk

ill
s (

m
ot

or
 sk

ill
s)

H
ea

lth
ca

re
=

Li
ke

rt 
sc

al
e,

 fr
ee

 te
xt

 
re

sp
on

se
Sa

pk
ar

os
ki

 e
t a

l. 
(2

02
0)

15
.

U
se

r e
m

bo
di

m
en

t,
A

va
ta

r,
3D

 v
is

ua
ls

H
M

D
O

pe
nS

im
ul

at
or

 w
ith

 
K

in
ec

t
Te

ac
hi

ng
 sk

ill
s

Ed
uc

at
io

n
+

Su
rv

ey
, v

id
eo

/s
cr

ee
n 

re
co

rd
in

g 
an

d 
ey

e 
tra

ck
in

g

K
e 

et
 a

l. 
(2

01
6)

16
.

St
er

eo
sc

op
ic

 d
is

pl
ay

,
H

ig
he

r s
en

se
 o

f p
re

s-
en

ce

H
M

D
O

cu
lu

s R
ift

 D
ev

el
op

-
m

en
t K

it 
2

D
riv

in
g 

be
ha

vi
ou

r 
(N

TS
), 

ha
za

rd
 p

er
ce

pt
io

n 
sk

ill

Ps
yc

ho
lo

gy
 (d

riv
in

g 
si

m
ul

at
or

)
+

Sp
at

ia
l p

re
se

nc
e 

(M
EC

-S
PQ

) a
nd

 
si

m
ul

at
or

 si
ck

ne
ss

 
(S

SQ
) q

ue
sti

on
-

na
ire

M
al

on
e 

&
 B

rü
nk

en
, 

(2
02

1)

17
.

In
te

ra
ct

iv
e,

Im
m

er
si

ve
H

M
D

O
cu

lu
s Q

ue
st

D
ec

la
ra

tiv
e 

kn
ow

l-
ed

ge
Ed

uc
at

io
n

+
Pr

e-
te

st 
(in

tri
ns

ic
 

m
ot

iv
at

io
n 

sc
al

e,
 

se
lf-

effi
ca

cy
 sc

al
e,

kn
ow

le
dg

e 
te

st)
 a

nd
 

po
st-

te
st 

(a
ge

nc
y 

sc
al

e,
 p

hy
si

ca
l 

pr
es

en
ce

 sc
al

e,
 

co
gn

iti
ve

 lo
ad

 
sc

al
e,

 si
tu

at
io

na
l 

in
te

re
st 

sc
al

e,
 

em
bo

di
ed

 le
ar

ni
ng

 
sc

al
e 

in
 a

dd
iti

on
 to

 
pr

e-
te

st 
m

ea
su

re
s)

Pe
te

rs
en

 e
t a

l. 
(2

02
2)



857A Systematic Review of Virtual Reality Features for Skill…

1 3

Ta
bl

e 
4 

 (c
on

tin
ue

d)

SL
V

R
 fe

at
ur

es
V

R
 e

nv
iro

nm
en

t
V

R
 d

ev
ic

es
Ta

rg
et

 sk
ill

 / 
ut

ili
ty

D
om

ai
n

Eff
ec

t*
M

et
ho

d 
us

ed
 to

 
as

se
ss

So
ur

ce

18
.

Im
m

er
si

ve
,

St
er

eo
sc

op
ic

 d
is

pl
ay

,
H

ig
he

r s
en

se
 o

f p
re

s-
en

ce

H
M

D
Sa

m
su

ng
 G

ea
rV

R
C

on
ce

pt
ua

l a
nd

 p
ro

-
ce

du
ra

l k
no

w
le

dg
e

Ed
uc

at
io

n
-

C
og

ni
tiv

e 
pr

oc
es

si
ng

 
us

in
g 

EE
G

M
ak

ra
ns

ky
 e

t a
l. 

(2
01

9)

19
.

Im
m

er
si

ve
W

id
er

 fi
el

d 
of

 v
ie

w
,

In
te

ra
ct

iv
e

H
M

D
H

TC
 V

iv
e

La
ng

ua
ge

 le
ar

ni
ng

La
ng

ua
ge

 tr
ai

ni
ng

+
Q

ue
sti

on
na

ire
s a

nd
 

ac
tiv

ity
 m

on
ito

rin
g 

fo
r c

og
ni

tiv
e 

an
d 

le
ar

ni
ng

 m
ea

su
re

-
m

en
t

Le
ga

ul
t e

t a
l. 

(2
01

9)

20
.

W
id

er
 fi

el
d 

of
 v

ie
w

H
ig

he
r s

en
se

 o
f p

re
s-

en
ce

In
ex

pe
ns

iv
e

H
M

D
C

ar
db

oa
rd

 h
ea

ds
et

Id
en

tifi
ca

tio
n 

sk
ill

H
ea

lth
ca

re
=

K
no

w
le

dg
e 

an
d 

at
tit

ud
es

 sc
al

es
G

io
rd

an
o 

et
 a

l. 
(2

02
0)

21
.

H
ig

h 
fid

el
ity

,
W

id
er

 fi
el

d 
of

 v
ie

w
,

U
se

r a
ut

on
om

y,
Ey

e 
tra

ck
in

g

H
M

D
H

TC
 V

iv
e

Pe
rc

ep
tu

al
 c

og
ni

tiv
e 

sk
ill

s
Po

lic
e 

tra
in

in
g

=
SI

M
-T

LX
, e

ye
 tr

ac
k-

in
g 

(g
az

e 
da

ta
) 

an
al

ys
is

 u
si

ng
 

EY
EM

M
V

 to
ol

bo
x 

of
 M

A
TL

A
B

,

H
ar

ris
 e

t a
l. 

(2
02

1)

22
.

M
ul

tis
en

so
ry

 in
te

gr
a-

tio
n,

Re
al

-ti
m

e 
fe

ed
ba

ck
,

3D
 v

is
ua

l,
H

ap
tic

 fe
ed

ba
ck

,
In

ex
pe

ns
iv

e

H
M

D
U

ns
pe

ci
fie

d
N

TS
H

ea
lth

ca
re

=
Pr

e-
te

st,
 p

os
t-t

es
t 

su
rv

ey
s a

nd
 e

xp
er

t 
ev

al
ua

tio
n

K
ha

na
l e

t a
l. 

(2
01

4)

23
.

U
se

r e
m

bo
di

m
en

t
H

M
D

H
TC

 V
iv

e
Re

m
ed

ia
tio

n 
of

 w
rit

-
te

n 
le

ar
ni

ng
 c

on
te

nt
Ed

uc
at

io
n

+
A

dv
an

ce
d 

EE
G

 
m

ea
su

re
m

en
t t

ec
h-

ni
qu

es
, l

ea
rn

in
g 

te
sts

, a
nd

 c
og

ni
tiv

e 
lo

ad
 m

ea
su

re
s

B
ac

ev
ic

iu
te

 e
t a

l. 
(2

02
1)



858 H. M. Tusher et al.

1 3

Ta
bl

e 
4 

 (c
on

tin
ue

d)

SL
V

R
 fe

at
ur

es
V

R
 e

nv
iro

nm
en

t
V

R
 d

ev
ic

es
Ta

rg
et

 sk
ill

 / 
ut

ili
ty

D
om

ai
n

Eff
ec

t*
M

et
ho

d 
us

ed
 to

 
as

se
ss

So
ur

ce

24
.

A
va

ta
r,

U
se

r e
m

bo
di

m
en

t,
Re

al
-ti

m
e 

fe
ed

ba
ck

H
M

D
M

ic
ro

so
ft 

K
in

ec
t 

w
ith

 O
pe

nS
im

ul
a-

to
r p

la
tfo

rm

Te
ac

hi
ng

 sk
ill

s,
re

fle
ct

iv
e 

de
br

ie
fin

g
Ed

uc
at

io
n

-
Pr

e-
si

m
ul

at
io

n 
an

d 
po

st-
si

m
ul

at
io

n 
su

rv
ey

 o
n 

Li
ke

rt 
sc

al
e

K
e 

&
 X

u,
 (2

02
0)

25
.

U
se

r a
ut

on
om

y,
Im

m
er

si
vi

ty
,

W
id

er
 fi

el
d 

of
 v

ie
w

H
M

D
H

TC
 V

IV
E

Pr
oc

ed
ur

al
 sk

ill
H

ea
lth

ca
re

+
D

ire
ct

 o
bs

er
va

tio
n 

fo
r p

ro
ce

du
ra

l 
sk

ill
s

 C
ha

o 
et

 a
l. 

(2
02

3)

26
.

In
te

ra
ct

iv
ity

,
St

er
eo

sc
op

ic
 d

is
pl

ay
,

3D
 v

is
ua

l,
Im

m
er

si
vi

ty

H
M

D
Sa

m
su

ng
 G

ea
rV

R
La

ng
ua

ge
 le

ar
ni

ng
Ed

uc
at

io
n

+
Pr

e-
te

st 
an

d 
po

st-
te

sts
 q

ue
sti

on
na

ire
Ta

i, 
(2

02
2)

27
.

H
ap

tic
 fe

ed
ba

ck
,

St
er

eo
sc

op
ic

 d
is

pl
ay

,
3D

 v
is

ua
l

N
on

-H
M

D
Si

m
od

on
t (

N
is

si
n 

D
en

ta
l P

ro
d-

uc
ts

 E
ur

op
e 

BV
, 

N
ie

uw
Ve

nn
ep

, 
N

et
he

rla
nd

s)

Pr
oc

ed
ur

al
 sk

ill
D

en
ta

l
# 

Su
bj

ec
tiv

e 
ev

al
ua

tio
n 

by
 e

xp
er

ts
H

at
to

ri 
et

 a
l. 

(2
02

2)

28
.

3D
 v

is
ua

l,
St

er
eo

sc
op

ic
 d

is
pl

ay
,

H
ap

tic
 fe

ed
ba

ck

N
on

-H
M

D
C

ar
di

na
lS

im
Su

rg
ic

al
 sk

ill
 (p

sy
-

ch
om

ot
or

 sk
ill

s)
H

ea
lth

ca
re

+
Ex

pe
rt 

as
se

ss
m

en
t 

of
 o

pe
ra

tiv
e 

pr
oc

e-
du

re
s

W
on

 e
t a

l. 
(2

01
8)

29
.

Sa
fe

 e
nv

iro
nm

en
t

H
ig

h 
fid

el
ity

,
In

te
ra

ct
iv

e

N
on

-H
M

D
da

 V
in

ci
 S

i V
R

 sk
ill

s 
si

m
ul

at
or

Su
rg

ic
al

 sk
ill

 (p
sy

-
ch

om
ot

or
 sk

ill
s)

H
ea

lth
ca

re
-

A
na

ly
si

ng
 p

hy
si

-
ol

og
ic

al
 re

sp
on

se
 

an
d 

ki
ne

m
at

ic
 

m
ov

em
en

t d
at

a 
on

 
bo

th
 si

m
ul

at
or

s

W
an

g 
et

 a
l. 

(2
01

9)

30
.

U
se

r a
ut

on
om

y,
Re

al
-ti

m
e 

fe
ed

ba
ck

N
on

-H
M

D
da

 V
in

ci
 S

ki
lls

 S
im

u-
la

to
r b

y 
M

im
ic

 
Te

ch
no

lo
gi

es
 a

nd
 

In
tu

iti
ve

 S
ur

gi
ca

l

Su
rg

ic
al

 sk
ill

 (p
sy

-
ch

om
ot

or
 sk

ill
s)

H
ea

lth
ca

re
 (s

ur
gi

ca
l 

sk
ill

)
+

Pr
e 

an
d 

po
st-

te
st 

m
ea

su
re

s (
qu

al
ita

-
tiv

e)

Te
rg

as
 e

t a
l. 

(2
01

3)



859A Systematic Review of Virtual Reality Features for Skill…

1 3

Ta
bl

e 
4 

 (c
on

tin
ue

d)

SL
V

R
 fe

at
ur

es
V

R
 e

nv
iro

nm
en

t
V

R
 d

ev
ic

es
Ta

rg
et

 sk
ill

 / 
ut

ili
ty

D
om

ai
n

Eff
ec

t*
M

et
ho

d 
us

ed
 to

 
as

se
ss

So
ur

ce

31
.

H
ap

tic
 fe

ed
ba

ck
,

In
te

ra
ct

iv
e

N
on

-H
M

D
V

irt
aM

ed
 A

rth
ro

S™
 

(Z
ür

ic
h,

 S
w

itz
er

-
la

nd
)

A
rth

ro
sc

op
y 

sk
ill

s 
(p

sy
ch

om
ot

or
 

sk
ill

s)

H
ea

lth
ca

re
=

B
et

w
ee

n 
gr

ou
p 

ex
pe

rim
en

t a
nd

 
qu

es
tio

nn
ai

re

Re
m

ac
le

 e
t a

l. 
(2

02
1;

 
Va

gh
el

a 
et

 a
l. 

(2
02

1)

32
.

H
ap

tic
 fe

ed
ba

ck
,

In
te

ra
ct

iv
e

N
on

-H
M

D
La

pS
im

La
pa

ro
sc

op
ic

 sk
ill

s 
(m

ot
or

 sk
ill

s)
H

ea
lth

ca
re

=
O

bj
ec

tiv
e 

str
uc

tu
re

d 
as

se
ss

m
en

t s
ca

le
 a

s 
po

st-
te

st 
m

ea
su

re

B
al

cı
 &

 T
a,

 (2
01

4)

33
.

3D
 v

is
ua

l,
In

te
ra

ct
iv

e
N

on
-H

M
D

Si
m

lo
g 

Si
m

ul
at

io
n 

La
un

ch
er

M
ot

or
 sk

ill
Fo

re
str

y
+

Q
ua

nt
ita

tiv
e 

m
ea

s-
ur

es
 in

cl
ud

in
g 

tim
e,

 fa
ll 

di
re

ct
io

n 
an

d 
cu

tti
ng

 h
ei

gh
t 

of
 ti

m
be

r

Pa
gn

us
sa

t e
t a

l. 
(2

02
0)

34
.

H
ap

tic
 fe

ed
ba

ck
N

on
-H

M
D

U
ns

pe
ci

fie
d

O
bj

ec
tiv

e 
as

se
ss

m
en

t
H

ea
lth

ca
re

+
Id

en
tif

yi
ng

 p
er

fo
r-

m
an

ce
 m

et
ric

s i
n 

V
R

 e
nv

iro
nm

en
t 

an
d 

an
al

ys
in

g 
th

em
 

us
in

g 
m

ac
hi

ne
 

le
ar

ni
ng

 a
lg

or
ith

m
s

To
pa

lli
 &

 C
ag

ilt
ay

, 
(2

01
9)

35
.

U
se

r a
ut

on
om

y,
H

ap
tic

 (t
ac

til
e)

 
fe

ed
ba

ck
,

In
ex

pe
ns

iv
e

N
on

-H
M

D
N

in
te

nd
o 

W
ii 

an
d 

Pl
ay

St
at

io
n2

La
pa

ro
sc

op
ic

 sk
ill

s 
(m

ot
or

 sk
ill

s)
H

ea
lth

ca
re

+
Pr

e 
an

d 
po

st-
te

st 
m

ea
su

re
s o

f d
iff

er
-

en
t l

ap
ar

os
co

pi
c 

sk
ill

s

Ju
 e

t a
l. 

(2
01

2)

36
.

U
se

r a
ut

on
om

y,
H

ig
h 

fid
el

ity
N

on
-H

M
D

SE
P 

Ro
bo

t b
y 

Si
m

Su
rg

er
y 

A
S;

 
Su

rg
ic

al
SI

M
 b

y 
Si

m
Su

rg
er

y 
an

d 
M

ET
I

Su
tu

rin
g 

an
d 

kn
ot

 
ty

in
g 

ta
sk

 (m
ot

or
 

sk
ill

s)

H
ea

lth
ca

re
+

Pr
e-

po
st 

ta
sk

 su
rv

ey
s

Li
n 

et
 a

l. 
(2

00
9)



860 H. M. Tusher et al.

1 3

Ta
bl

e 
4 

 (c
on

tin
ue

d)

SL
V

R
 fe

at
ur

es
V

R
 e

nv
iro

nm
en

t
V

R
 d

ev
ic

es
Ta

rg
et

 sk
ill

 / 
ut

ili
ty

D
om

ai
n

Eff
ec

t*
M

et
ho

d 
us

ed
 to

 
as

se
ss

So
ur

ce

37
.

3D
 v

is
ua

l,
In

te
ra

ct
iv

e,
Re

al
-ti

m
e 

fe
ed

ba
ck

N
on

-H
M

D
En

do
To

w
er

 b
y 

Im
m

er
si

on
 C

or
po

-
ra

tio
n,

 S
an

 Jo
se

, 
CA

La
pa

ro
sc

op
ic

 sk
ill

s 
(m

ot
or

 sk
ill

s)
H

ea
lth

ca
re

-
N

A
SA

-T
LX

 to
 

m
ea

su
re

 m
en

ta
l, 

ph
ys

ic
al

 a
nd

 
te

m
po

ra
l d

em
an

d 
du

rin
g 

w
or

kl
oa

d 
m

ea
su

re
m

en
t i

n 
th

e 
re

sp
ec

tiv
e 

en
vi

ro
n-

m
en

ts

St
ef

an
id

is
 e

t a
l. 

(2
00

7)

38
.

H
ig

h 
fid

el
ity

,
A

va
ta

r
N

on
-H

M
D

U
ns

pe
ci

fie
d

Ph
ys

ic
al

 e
ne

rg
y 

m
an

ag
em

en
t s

ki
ll 

(te
ch

ni
ca

l a
nd

 
N

TS
)

Sp
or

ts
+

Pe
rfo

rm
an

ce
 w

as
 

m
ea

su
re

d 
ag

ai
ns

t 
es

ta
bl

is
he

d 
ex

pe
rt 

pr
ofi

le

H
off

m
an

n 
et

 a
l. 

(2
01

4)

39
.

In
te

ra
ct

iv
e

In
ex

pe
ns

iv
e

N
on

-H
M

D
V

R
 si

m
ul

at
or

 tr
ai

ni
ng

 
pl

at
fo

rm
 b

y 
W

or
ld

-
V

iz
 L

LC
, C

A

Su
rg

ic
al

 ta
sk

s (
m

ot
or

 
an

d 
sp

at
ia

l o
rie

nt
a-

tio
n 

sk
ill

s)

H
ea

lth
ca

re
+

Ti
m

e 
to

 ta
sk

 c
om

pl
e-

tio
n 

m
ea

su
re

C
hi

en
 e

t a
l. 

(2
01

3)

40
.

H
ap

tic
 fe

ed
ba

ck
N

on
-H

M
D

U
ns

pe
ci

fie
d

M
ot

or
 sk

ill
Pr

oc
es

s
+

Pr
e 

&
 p

os
t-t

es
t m

ea
s-

ur
es

 (q
ua

nt
ita

tiv
e)

, 
ps

yc
ho

m
ot

or
 te

st

K
ab

er
 e

t a
l. 

(2
01

4)

41
.

3D
 v

is
ua

l
H

ap
tic

 fe
ed

ba
ck

,
In

te
ra

ct
iv

e

N
on

-H
M

D
Si

m
od

on
t

Pa
tie

nt
-c

en
tre

d 
pr

ac
tic

e,
fin

e 
m

ot
or

 sk
ill

D
en

ta
l

+
Q

ua
lit

at
iv

e 
qu

es
tio

n-
na

ire
s

Se
rr

an
o 

et
 a

l. 
(2

02
0)

42
.

H
ap

tic
 fe

ed
ba

ck
,

H
ig

h 
fid

el
ity

N
on

-H
M

D
U

RO
-tr

ai
ne

r
M

ot
or

 sk
ill

s,
co

gn
iti

ve
 sk

ill
s

H
ea

lth
ca

re
+

Q
ue

sti
on

na
ire

: e
va

lu
-

at
io

n 
an

d 
st

at
ist

ic
al

 
an

al
ys

is
. O

th
er

 
m

ea
su

re
s:

 ti
m

e 
an

d 
am

ou
nt

 o
f l

os
t 

bl
oo

d

Re
ic

h 
et

 a
l. 

(2
00

6)



861A Systematic Review of Virtual Reality Features for Skill…

1 3

Ta
bl

e 
4 

 (c
on

tin
ue

d)

SL
V

R
 fe

at
ur

es
V

R
 e

nv
iro

nm
en

t
V

R
 d

ev
ic

es
Ta

rg
et

 sk
ill

 / 
ut

ili
ty

D
om

ai
n

Eff
ec

t*
M

et
ho

d 
us

ed
 to

 
as

se
ss

So
ur

ce

43
.

H
ap

tic
 fe

ed
ba

ck
,

3D
 v

is
ua

l
N

on
-H

M
D

V
R

 si
m

ul
at

or
 b

y 
Tr

au
m

aV
is

io
n,

 
Sw

em
ac

 S
im

ul
at

io
n 

A
B

, S
w

ed
en

Pr
oc

ed
ur

al
 sk

ill
s, 

m
ot

or
 sk

ill
s,

H
ea

lth
ca

re
+

Sc
ie

nt
ifi

ca
lly

 v
al

i-
da

te
d 

as
se

ss
m

en
t 

m
ea

su
re

 (e
.g

., 
tip

 
ap

ex
 d

ist
an

ce
 o

f 
m

or
e 

th
an

 2
0 

m
m

 
is

 c
on

si
de

re
d 

fa
il)

Rö
lfi

ng
 e

t a
l. 

(2
02

0)

44
.

In
te

ra
ct

iv
e

N
on

-H
M

D
SI

M
EN

D
O

 b
y 

D
el

l-
ta

te
ch

, D
el

ft,
 T

he
 

N
et

he
rla

nd
s

B
as

ic
 e

nd
os

co
pi

c 
sk

ill
s,

m
ot

or
 sk

ill
s

H
ea

lth
ca

re
+

Po
st-

te
st 

qu
es

tio
n-

na
ire

s, 
co

m
pa

ra
tiv

e 
an

al
ys

is

Ve
rd

aa
sd

on
k 

et
 a

l. 
(2

00
6)

45
.

3D
 v

is
ua

l
H

ap
tic

 fe
ed

ba
ck

N
on

-H
M

D
V

irt
ua

l F
ra

ct
ur

e 
C

ar
vi

ng
 si

m
ul

at
or

U
nd

er
st

an
di

ng
 

sp
at

ia
lly

 c
om

pl
ex

 
su

rg
er

y 
(v

is
uo

sp
a-

tia
l a

nd
 p

sy
ch

om
o-

to
r s

ki
lls

)

H
ea

lth
ca

re
+

Q
ua

nt
ita

tiv
e 

m
ea

s-
ur

es
Pa

hu
ta

 e
t a

l. 
(2

01
2)

46
.

In
ex

pe
ns

iv
e,

Re
pe

at
ab

ili
ty

 o
f 

ex
er

ci
se

s,
A

va
ta

r,
Sa

fe
 e

nv
iro

nm
en

t

N
on

-H
M

D
IC

E 
ST

O
R

M
 V

R
Te

am
w

or
k 

(N
TS

)
H

ea
lth

ca
re

+
Li

ke
rt 

sc
al

e,
 N

A
SA

-
TL

X
 e

tc
.

A
be

ls
on

 e
t a

l. 
(2

01
5)

47
.

In
te

ra
ct

iv
e,

H
ig

h 
fid

el
ity

N
on

-H
M

D
V

IS
T-

C
 V

R
 si

m
ul

a-
tio

n 
sy

ste
m

 b
y 

M
en

tic
e 

A
B

, G
ot

h-
en

bu
rg

, S
w

ed
en

Te
ch

ni
ca

l, 
pr

oc
ed

ur
al

, a
nd

 m
an

-
ag

em
en

t s
ki

lls

H
ea

lth
ca

re
+

Po
st-

te
st 

qu
es

tio
n-

na
ire

Lo
nn

 e
t a

l. 
(2

01
2a

)

48
.

3D
 v

is
ua

l,
H

ap
tic

 fe
ed

ba
ck

,
In

te
ra

ct
iv

e,
In

ex
pe

ns
iv

e

N
on

-H
M

D
Pr

ot
ot

yp
e 

of
 a

 
C

om
pu

te
r A

irw
ay

 
Si

m
ul

at
io

n 
Sy

ste
m

 
(C

A
SS

)

Te
ch

ni
ca

l s
ki

ll,
 h

an
d-

ey
e 

co
or

di
na

tio
n 

(m
ot

or
 sk

ill
s)

H
ea

lth
ca

re
+

Po
st-

te
st 

Li
ke

rt 
sc

al
e

C
as

so
 e

t a
l. 

(2
01

9)



862 H. M. Tusher et al.

1 3

Ta
bl

e 
4 

 (c
on

tin
ue

d)

SL
V

R
 fe

at
ur

es
V

R
 e

nv
iro

nm
en

t
V

R
 d

ev
ic

es
Ta

rg
et

 sk
ill

 / 
ut

ili
ty

D
om

ai
n

Eff
ec

t*
M

et
ho

d 
us

ed
 to

 
as

se
ss

So
ur

ce

49
.

H
ig

h 
fid

el
ity

,
U

se
r a

ut
on

om
y

N
on

-H
M

D
Po

rtC
A

S 
si

m
ul

at
or

 
sy

ste
m

H
an

d-
ey

e 
co

or
di

na
-

tio
n 

sk
ill

s, 
pr

ec
i-

si
on

, s
pe

ed
 (m

ot
or

 
sk

ill
s)

H
ea

lth
ca

re
=

Ta
sk

 c
om

pl
et

io
n 

tim
e 

an
d 

m
us

cl
e 

eff
or

t (
co

lle
ct

ed
 

by
 p

hy
si

ol
og

ic
al

 
in

str
um

en
ts

)

Za
hi

ri 
et

 a
l. 

(2
01

6)

50
.

Re
al

-ti
m

e 
fe

ed
ba

ck
,

U
se

r a
ut

on
om

y
N

on
-H

M
D

D
en

tS
im

 b
y 

Im
ag

e 
N

av
ig

at
io

n,
 N

ew
 

Yo
rk

, N
Y

Te
ch

ni
ca

l s
ki

ll
H

ea
lth

ca
re

+
D

iff
er

en
t o

pe
ra

tio
na

l 
pa

ra
m

et
er

s (
tim

e,
 

m
ar

gi
n 

lo
ca

tio
n 

sc
or

es
, w

al
l i

nc
lin

e 
sc

or
es

) w
er

e 
an

al
ys

ed
 u

si
ng

 
A

N
O

VA

K
ik

uc
hi

 e
t a

l. 
(2

01
2)



863A Systematic Review of Virtual Reality Features for Skill…

1 3

Ta
bl

e 
5 

 M
ap

pi
ng

 o
f t

ec
hn

ic
al

 a
nd

 e
xp

er
ie

nt
ia

l V
R

 fe
at

ur
es

 fo
r s

pe
ci

fic
 sk

ill
 tr

ai
ni

ng

Sk
ill

V
R

 m
od

al
ity

Su
pp

or
tin

g 
te

ch
ni

ca
l f

ea
tu

re
s

Su
pp

or
tin

g 
ex

pe
rie

nt
ia

l f
ea

tu
re

s
Re

fe
re

nc
e

Ps
yc

ho
m

ot
or

/ m
ot

or
 sk

ill
 tr

ai
ni

ng
H

M
D

Im
m

er
si

ve
St

er
eo

sc
op

ic
 d

is
pl

ay
3D

 v
is

ua
l,

H
ig

h 
fid

el
ity

In
te

ra
ct

iv
e

U
se

r e
m

bo
di

m
en

t
In

ex
pe

ns
iv

e,
Re

pe
at

ab
ili

ty
 o

f e
xe

rc
is

es

B
in

g 
et

 a
l. 

(2
01

9)
, L

oh
re

 e
t a

l. 
(2

02
0a

), 
Pa

rm
ar

 e
t a

l. 
(2

01
6)

N
on

-H
M

D
3D

 v
is

ua
l,

H
ap

tic
 fe

ed
ba

ck
Re

al
-ti

m
e 

fe
ed

ba
ck

In
te

ra
ct

iv
e

H
ig

h 
fid

el
ity

U
se

r a
ut

on
om

y,
In

ex
pe

ns
iv

e
C

as
so

 e
t a

l. 
(2

01
9)

, C
hi

en
 e

t a
l. 

(2
01

3)
, J

u 
et

 a
l. 

(2
01

2)
, 

K
ab

er
 e

t a
l. 

(2
01

4)
, L

in
 e

t a
l. 

(2
00

9)
, P

ag
nu

ss
at

 e
t a

l. 
(2

02
0)

, P
ah

ut
a 

et
 a

l. 
(2

01
2)

, R
ei

ch
 e

t a
l. 

(2
00

6)
, R

öl
fin

g 
et

 a
l. 

(2
02

0)
, S

er
ra

no
 e

t a
l. 

(2
02

0)
, T

er
ga

s e
t a

l. 
(2

01
3)

, 
Ve

rd
aa

sd
on

k 
et

 a
l. 

(2
00

6)
, W

on
 e

t a
l. 

(2
01

8)
N

on
-te

ch
ni

ca
l s

ki
ll

H
M

D
St

er
eo

sc
op

ic
 d

is
pl

ay
H

ig
he

r fi
el

d 
of

 v
ie

w
,

Im
m

er
si

ve

H
ig

he
r s

en
se

 o
f p

re
se

nc
e

U
se

r a
ut

on
om

y,
In

ex
pe

ns
iv

e,

Lu
gr

in
 e

t a
l. 

(2
01

6)
, M

al
on

e 
&

 B
rü

nk
en

 (2
02

1)
, R

em
ac

le
 

et
 a

l. 
(2

02
1)

N
on

-H
M

D
A

va
ta

r,
In

te
ra

ct
iv

e,
H

ig
h 

fid
el

ity

Sa
fe

 e
nv

iro
nm

en
t

In
ex

pe
ns

iv
e,

Re
pe

at
ab

ili
ty

 o
f e

xe
rc

is
es

,

A
be

ls
on

 e
t a

l. 
(2

01
5)

, H
off

m
an

n 
et

 a
l. 

(2
01

4)
, L

on
n 

et
 a

l. 
(2

01
2a

)

Sp
at

ia
l s

ki
ll

H
M

D
St

er
eo

sc
op

ic
 d

is
pl

ay
,

H
ig

h 
fid

el
ity

G
ra

nt
 &

 M
ag

ee
 (1

99
8)

Pr
ob

le
m

-s
ol

vi
ng

 sk
ill

H
M

D
St

er
eo

sc
op

ic
 d

is
pl

ay
,

W
id

er
 fi

el
d 

of
 v

ie
w

,
3D

 v
is

ua
l

 U
se

r a
ut

on
om

y
 W

u 
et

 a
l. 

(2
02

0)

Te
ch

ni
ca

l s
ki

ll
H

M
D

St
er

eo
sc

op
ic

 d
is

pl
ay

,
Im

m
er

si
ve

,
H

ap
tic

 fe
ed

ba
ck

U
se

r a
ut

on
om

y
C

ol
la

ço
 e

t a
l. 

(2
02

1)

N
on

-H
M

D
In

te
ra

ct
iv

e,
H

ig
h 

fid
el

ity
3D

 v
is

ua
l,

H
ap

tic
 fe

ed
ba

ck
,

Re
al

-ti
m

e 
fe

ed
ba

ck
,

In
ex

pe
ns

iv
e

U
se

r a
ut

on
om

y
(C

as
so

 e
t a

l. 
20

19
), 

K
ik

uc
hi

 e
t a

l. 
(2

01
2)

, L
on

n 
et

 a
l. 

(2
01

2a
)



864 H. M. Tusher et al.

1 3

Ta
bl

e 
5 

 (c
on

tin
ue

d)

Sk
ill

V
R

 m
od

al
ity

Su
pp

or
tin

g 
te

ch
ni

ca
l f

ea
tu

re
s

Su
pp

or
tin

g 
ex

pe
rie

nt
ia

l f
ea

tu
re

s
Re

fe
re

nc
e

Pr
oc

ed
ur

al
 sk

ill
H

M
D

St
er

eo
sc

op
ic

 d
is

pl
ay

,
Im

m
er

si
ve

,
H

ap
tic

 fe
ed

ba
ck

,
W

id
er

 fi
el

d 
of

 v
ie

w

U
se

r a
ut

on
om

y
C

ol
la

ço
 e

t a
l. 

(2
02

1)

N
on

-H
M

D
H

ap
tic

 fe
ed

ba
ck

,
3D

 v
is

ua
l,

In
te

ra
ct

iv
e,

H
ig

h 
fid

el
ity

(L
on

n 
et

 a
l. 

20
12

a)
, R

öl
fin

g 
et

 a
l. 

(2
02

0)

Te
ac

hi
ng

 sk
ill

H
M

D
A

va
ta

r,
3D

 v
is

ua
ls

U
se

r e
m

bo
di

m
en

t,
K

e 
et

 a
l. 

(2
01

6)

Le
ar

ni
ng

 sk
ill

H
M

D
Im

m
er

si
ve

,
W

id
er

 fi
el

d 
of

 v
ie

w
,

In
te

ra
ct

iv
e,

3D
 v

is
ua

l,
St

er
eo

sc
op

ic
 d

is
pl

ay
,

M
ul

tis
en

so
ry

 in
te

gr
at

io
n

 U
se

r e
m

bo
di

m
en

t
B

ac
ev

ic
iu

te
 e

t a
l. 

( 2
02

1,
 2

02
2)

, K
lin

ge
nb

er
g 

et
 a

l. 
(2

02
0)

, 
K

oz
he

vn
ik

ov
 e

t a
l. 

(2
01

3)
, L

eg
au

lt 
et

 a
l. 

(2
01

9)



865A Systematic Review of Virtual Reality Features for Skill…
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First, Stereoscopic Displays significantly increase immersion in a simulated environ-
ment, providing depth perception of objects to users (Collaço et al., 2021; Colombo et al., 
2014). However, perceptual irregularities in VR users may result from conflicts in depth 
perception among different types of screens (Hoffman et  al., 2008; Wood et  al., 2021). 
Stereoscopic displays combined with haptic force-feedback could also make VR systems 
particularly suitable for motor skill training (Kaber et al., 2014), although individual differ-
ences in depth perception capabilities may affect training performance in stereoscopic VR 
simulators (Hattori et al., 2022).

Haptic Feedback activation mechanisms have been probed in various ways in the con-
text of human performance testing. For example, it guides and reduces the information 
processing load of users and avoids unnecessary actions (Rosenberg, 1993). The advan-
tages of haptic feedback in VR are realized in different contexts, such as increasing the 
fidelity of synthetic bone simulation (Stirling et  al., 2014), assisting psychomotor skill 
training in endoscopic skull-based surgery (Won et  al., 2018), and hip fracture surgery 
simulation (Rölfing et al., 2020), thereby becoming an indispensable part of laparoscopic 
surgical training (Liu et al., 2018). Haptic feedback is also presumed to increase the sense 
of presence and the consequent task performance in VR (Kaber & Zhang, 2011). In addi-
tion, haptic feedback is considered one of the defining features of VR that facilitates user 
embodiment during a reading task (Baceviciute et  al., 2021). The coupling of accurate 
visual and haptic feedback has been realized to improve human performance in VR (Arse-
nault & Ware, 2000; Richard et  al., 1996), especially for novice trainees (Collaço et  al., 
2021). The increased latency between visuals and haptics may reduce performance in VR 
(Kaber & Zhang, 2011). Therefore, an instantaneous link between the two is warranted for 
an enhanced outcome. In contrast, haptic features coupled with other visual features, such 
as stereoscopic displays and 3D visuals, have been found to have less significance (Reymus 
et al., 2020) to negative effects (Liebermann et al., 2021) on recognition and identification 
skills.

3D Visual Representations aid in building a more complete mental model than 2D envi-
ronments (Dede et al., 1999). In addition, it induces empathy among users in real-world 
environments (Mallam et  al., 2017). In the reviewed articles, 3D visuals coupled with 
other VR features have been reported to have positive effects on procedural (Lohre et al., 
2020b), motor (Lohre et al., 2020b), problem-solving skills (Wu et al., 2020), and teaching 
skills (Ke et al., 2016) in HMD environments, and basic to advanced motor skills (Casso 
et al., 2019; Pagnussat et al., 2020; Pahuta et al., 2012; Rölfing et al., 2020; Serrano et al., 
2020; Won et  al., 2018), procedural skills (Rölfing et  al., 2020), technical skills (Casso 
et al., 2019) and visuospatial skills (Pahuta et al., 2012) in non-HMD environments. In rare 
contexts, 3D visual features coupled with real-time feedback negatively affect motor skill 
training (Stefanidis et al., 2007) in non-HMD environments. However, the effects on rec-
ognition and identification skills can be both positive (Liebermann et al., 2021) and neu-
tral (Reymus et al., 2020) in HMD environments. Interestingly, in terms of NTS training, 
the effects of 3D representations coupled with real-time haptic feedback and multisensory 
integration in VR did not differ from those of traditional training methods (Khanal et al., 
2014).

Interactive Features are more prevalent in non-HMD studies than in HMD studies 
(see Fig.  3). User interaction in virtual environments is beneficial for motor skill devel-
opment. The presence of interactive features has been reported to account for a larger 
increase in motor performance than other features in small VR environments (Arsenault & 
Ware, 2000). The necessity of interactive features has also been highlighted for technical, 
procedural, and management skills training (Lonn et al., 2012a) as well as for enhanced 
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embodied representation in VR during language training (Legault et al., 2019) and teacher 
training (Ke & Xu, 2020). The observed divergence in the applicability of VR interactive 
features beyond motor skill training may be due to rapid technological developments in 
the areas of haptics, motion sensing, and tracking. With regard to achieving specific train-
ing goals, multisensory integration in interactive virtual environments has a positive influ-
ence (Makransky & Petersen, 2019; Mikropoulos & Natsis, 2011). In addition, Shin (2017) 
highlighted the emotional component of interactivity by discussing the association between 
users’ attitudes and interactive experiences in VR environments, which might have a bear-
ing on learning outcomes.

Immersivity is exclusive to HMD environments and positively influences all skill train-
ing types identified in this review. The level of immersion in VR is correlated with the 
“sense of presence” (North, 2014; Witmer & Singer, 1998), which in turn mediates learn-
ing outcomes (Bulu, 2012). However, highly immersive environments may increase pres-
ence but may not always have positive learning outcomes owing to increased demands on 
working memory, as observed in the study by Makransky et al. (2019).

High-Fidelity VR environments have shown positive effects on all types of cognitive 
and motor skill training, as observed in this study. In addition, technical, non-technical, 
procedural, and management skill training recognize the importance of high-fidelity VR 
environments (Hoffmann et al., 2014; Lonn et al., 2012a). However, high-fidelity realism 
is not an exclusive requirement for higher learning outcomes because low-cost low-fidelity 
simulators are as effective as expensive high-fidelity simulators at times (Matsumoto et al., 
2002). Inexpensive portable VR simulators show at least a similar or higher learning out-
come than other available alternatives in different educational and training contexts (Bing 
et al., 2019; Chien et al., 2013; Lohre et al., 2020b).

The importance of Multisensory Integration in VR is recognized in instructional design 
and pedagogy, along with other technological features (Baceviciute et al., 2022; Klingen-
berg et al., 2020). It forms a critical aspect of learning within VR environments by provid-
ing opportunities to interact with otherwise intangible and inaccessible objects in a safe 
environment while still being able to perceive it as if the learner is in a real environment 
(Klingenberg et al., 2020; Mikropoulos & Natsis, 2011).

A Wider Field of View is recognized as a unique feature of HMD VR environments, 
which affects NTS (Lugrin et al., 2016), problem-solving skills (Wu et al., 2020) and lan-
guage training (Legault et al., 2019) positively. However, its effect on object identification 
using cheaper cardboard HMDs (Giordano et al., 2020) or on perceptual cognitive skills 
using high-end HMDs (Harris et al., 2021) did not make any difference.

4.2  Experiential Features of VR and Their Effect on Skill Training

The effects of VR technical features on learning outputs are often mediated by other expe-
riential features. For example, technical features such as immersion, the presence of ava-
tars, and six degrees of freedom correspond to the sense of presence (North, 2014), embod-
ied experience (Ke et  al., 2016; Ke & Xu, 2020), and user autonomy (Wu et  al., 2020) 
respectively; all of which positively influence the overall learning outcome, as reported in 
the literature (Bulu, 2012; Lindgren & Johnson-Glenberg, 2013; Wu et al., 2021). In addi-
tion, the flexibility of VR simulators facilitates repeated exercises, which in turn benefits 
motor skill training and associated learning activities (Köyağasıoğlu & Özgürbüz, 2022), 
as well as other NTS, such as teamwork training (Abelson et al., 2015). Presence is consid-
ered one of the main experiential features and a prime psychological factor in VR learning 
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environments (Mikropoulos & Strouboulis, 2004; Winn & Windschitl, 2000). In this litera-
ture review, the effect of sense of presence on different types of behaviour, perceptual, con-
ceptual, and procedural skills training was identified. Simultaneously, the positive effect of 
presence on driving behaviour, hazard perception skills (Malone & Brünken, 2021), and 
the potential disassociation between presence and learning outcomes in immersive envi-
ronments (Makransky et al., 2019) are also depicted in the literature.

4.3  Measuring the VR Effects

Although VR learning environments are being explored as alternative solutions across a 
plethora of learning contexts, the lack of appropriate metrics for evaluating learning out-
comes poses a challenge for VR educators (dos Santos Nunes et  al., 2016; Ralph et  al., 
2017). Janßen et al. (2016) exposed the complex nature of measuring performance in VR 
which is related to the complexity in measuring individual differences of users and other 
associated variables such as immersion, presence, flow, gaming experience etc. Qualitative 
measures of performance assessment are prevalent in the literature, as identified in this 
review. Hybrid methods have also been proposed; for example, Ralph et al. (2017) devel-
oped an assessment rubric combining presence, immersion, and flow questionnaires. Dos 
Santos Nunes et  al. (2016) proposed a model to automatically predict learning outcome 
by monitoring the participants behaviour in VR and the difference in the types of inter-
action among the participants. The different objective measurement techniques cited in 
this study include measuring task completion time, movement, success rate, physiological 
measures (e.g., EEG), and the specific output of actions performed in VR. Suh and Prophet 
(2018) proposed the need for method-triangulation, including qualitative, quantitative, and 
neuropsychological (e.g., ECG) measures, by citing the limitations for each when applied 
individually to evaluate VR experiences. Novel measurement techniques include utilizing 
AI and machine learning in healthcare VR simulators (Mirchi et al., 2020; Yilmaz et al., 
2022), which require further empirical investigation before they can be employed in other 
domain-specific contexts.

4.4  Implications of this Review

The findings of this systematic literature review reveal an intricate relationship between 
VR features and training contexts, bearing substantial theoretical, methodological, and 
pedagogical implications.

4.4.1  Theoretical Implications

Extant literature highlights the association of specific VR features with diverse learning 
outcomes: 3D representation with higher-order learning and haptic and interactive ele-
ments with active skill-based learning (Allcoat & von Mühlenen, 2018; Van der Meijden & 
Schijven, 2009). Additionally, avatars contribute to affective outcomes, while experiential 
attributes such as presence and immersion are foundational to the learning process (Shin, 
2017). Understanding these intricate relationships between VR features and varied learn-
ing outcomes is essential for enhancing training efficiency. Furthermore, knowledge of the 
distinct influences of VR features on learning processes can inform the design of VR appli-
cations, thereby optimizing them for educational effectiveness (Radianti et al., 2020). This 
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review addresses this need by aggregating empirical evidence to develop a comprehensive 
framework for VR features and skill training within a given context.

The perceived effects of a few selected VR features (e.g., immersion, interaction, and 
presence) on learning outcomes in different educational contexts and controlled environ-
ments have been conceptually investigated in literature (Ai-Lim Lee et al., 2010; Barrett 
et  al., 2021; Makransky & Lilleholt, 2018). The results of these investigations predomi-
nantly showed a linear relationship, suggesting a positive perceived effect, ranging from 
low to high. However, this literature review revealed the intricate nature of the interre-
lationships between these VR features and targeted skill acquisition, showcasing a range 
of effects—positive, negative, neutral, and mixed—in the context of professional training. 
These findings underscore the nuanced impact of individual VR features across different 
contexts.

Furthermore, literature underscores the significance of multiple external factors in VR 
learning environments. These factors include personal differences, age, gender (Salzman 
et al., 1999), prior knowledge, experience, and motivation (Dengel & Mägdefrau, 2020) as 
well as learners’ spatial abilities and learning styles (Ai-Lim Lee et al., 2010). Simultane-
ously, instructional design principles such as guidance, feedback, control, and pre-training 
are emphasized as essential mediators for effective VR training (Moreno & Mayer, 2007). 
This literature review revealed that the effects of VR on different types of skill training dif-
fer based on the hardware used, specifically HMD and non-HMD devices. Such findings 
may explain the nonlinear impact of distinct VR features on skill training and could serve 
as a guide to anticipate VR outcomes in specific contexts.

It is important to recognize that a specific VR feature’s absence of association with a 
skill does not necessarily imply a lack of correlation. Instead, it may reflect a lack of evi-
dence from the studies identified in this review.

4.4.2  Methodological Implications

One of the primary objectives of VR training is to provide precise sensory stimuli that 
mimics an authentic work environment. This aims to expose trainees to life-like experi-
ence (Bowman & McMahan, 2007; Lonn et al., 2012b). Consequently, it is crucial to iden-
tify the VR features that elicit responses aligned with the realism needed for specific skill 
training, thereby promoting optimal training transfer. In essence, the effectiveness of VR 
training is anchored in immersion benefits, which are intrinsically linked to immersion ele-
ments, namely the specific features of VR (Makransky & Petersen, 2021). The mapping of 
VR features to specific skill training in this review could assist in identifying the immer-
sion elements, potentially enhancing learning outcomes in these contexts.

Assessing the effects of VR training is challenging, largely because of reliance on sub-
jective measures (Cummings & Bailenson, 2016; Slater, 2004). Despite these challenges, 
subjective measures remain prevalent, as is highlighted in this review. This underscores 
the importance of devising standardized, objective approaches to evaluate VR training effi-
ciency across various learning outcomes. In addition, understanding the requisite immer-
sion levels in VR through proper assessment of specific outcomes can not only enhance 
training effectiveness, but also reduce learners’ mental workload (Chao et al., 2017).
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4.4.3  Pedagogical Implications

The findings highlight the pronounced efficacy of VR in skill-based learning outcomes, in 
contrast to its limited impact on cognitive and affective learning (see Fig. 5). Such insights 
can guide VR training design in professional contexts, indicating a potential preference for 
using VR in skill and competency training rather than conceptual instruction.

An important aspect of VR training is that sometimes it does not support actual learn-
ing as much as it induces enjoyment, motivation, or engagement (Makransky et al., 2019; 
Parong & Mayer, 2018; Zhao et al., 2022). As a reason for this, researchers point towards 
the “novelty effect” where students may find VR interesting at first but long-term learn-
ing retention remains questionable (Allcoat & von Mühlenen, 2018; Mikropoulos & Nat-
sis, 2011). However, by tailoring VR environments and associated features to match the 
cognitive and perceptual demands of the intended learning outcomes, the “novelty effect” 
can be harnessed to promote sustained deep learning rather than superficial engagement 
(Dalgarno & Lee, 2010). In addition, learner characteristics have an underlying link with 
learning experiences in VR. For example, spatially adept individuals may acquire greater 
benefits from VR’s 3D visual features (Lee & Wong, 2014), while those inclined towards 
experiential learning styles could find the immersive, interactive elements of high-fidelity 
VR particularly advantageous (Dalgarno & Lee, 2010; Mikropoulos & Natsis, 2011). Age 
and development level are also crucial factors in VR training, as younger learners may be 
enticed by VR’s game-like immersion compared to adult learners (Parong & Mayer, 2018). 
Incorporating this knowledge with the review findings can refine strategies for adaptive VR 
learning environments in professional training, allowing educators to customize VR expe-
riences according to learners’ needs and optimize outcomes.

Empirical research suggests that overloading VR environments with features can detract 
from the optimal learning outcomes. Parong and Mayer (2018, 2020, 2021) emphasized 
the need to mitigate non-essential VR features that introduce extraneous cognitive load, 
thereby enhancing the focus on actual learning goals. This review can facilitate strategic 
resource allocation to prioritize essential VR features by elucidating the impact of specific 
VR features on different learning outcomes. For instance, in spatial skill training, stereo-
scopic display may be more critical than haptic feedback. Likewise, less immersive non-
HMD VR might not be as suitable for spatial skill training, yet it can effectively address 
motor skill training. Such mapping of VR features detailed in this review (see Tables 4 and 
5) offers pivotal insights for trainers and VR system designers, guiding hardware selec-
tion—be it HMD or non-HMD—aligned with specific skill training contexts.

4.5  Future Research Directions

Advances in VR technology have reshaped education and training, underscoring the need 
to study the intersection of learner characteristics, VR features, and learning outcomes 
in various theoretical contexts. VR exhibits a significant potential for enhancing skill-
based learning outcomes across a range of domains. However, a notable gap persists in 
the empirical validation concerning the effectiveness of VR for cognitive and affective 
learning outcomes across all domains. Future studies should strive to uncover innova-
tive, widely deployable features and pedagogically apt VR training solutions that address 
all types of learning outcomes (cognitive, skill-based, and affective) while also mitigat-
ing negative physiological impacts (e.g., cybersickness or eyesight problems). Moreover, 
refining assessment techniques, possibly through hybrid methods that blend subjective and 
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objective assessments or advanced solutions, such as AI, is crucial for accurately measur-
ing the learning impact of VR. Comprehensive empirical studies are necessary to elucidate 
the interplay among the factors that mediate learning outcomes in VR environments as 
technology progresses.

Future research in VR training should examine both practical and technologically rel-
evant concerns with a pedagogical focus, addressing, but not limited to, the following key 
questions (see Table 6):

4.6  Limitations of this Study

Given the exclusive focus of the selected studies in this review on professional training, 
the complexity depicted in the relationship between VR features and learning outcomes 
remains highly contextual, excluding other educational scenarios such as non-professional 
or child education. In addition, the study did not account for potential mediators, such as 
learners’ age, their technological literacy (Van Laar et  al., 2017), and the novelty effect 
of VR (Makransky et al., 2019), which could influence learning outcomes and therefore, 
potentially affect the applicability of the findings.

The analysis in this review draws from empirical studies that may encompass varied 
reporting qualities, study designs, and construct conceptualizations. In particular, the var-
ied interpretations of VR features and learning outcomes across studies adds to this com-
plexity. Excluding conference articles may have led to the omission of significant empiri-
cal research. A possible publication bias—favouring reports with positive VR effects 
(Sutton et al., 2000)—could have skewed our review analysis. While the selected studies 
reported VR training effects at the 5% significance level, discerning specific VR feature 
effects required qualitative interpretation. The wide scope of this review, covering simula-
tions from basic desktops to immersive applications across various domains, might limit its 
direct applicability to individual VR systems. These aspects serve as characteristics of our 
findings, necessitating careful interpretation of the results within the context of the identi-
fied limitations.

Table 6  Potential research questions in educational VR research

Research area Potential research questions

Investigating VR effects outside experi-
mental conditions

What are the long-term effects of VR training in authentic 
professional environments, accounting for varied samples to 
ensure generalizability?

Advancing pedagogical applications in VR What are the best practices for learning and evaluation in VR 
environments considering the pedagogical requirements?

Integrating state-of-the-art features in VR What strategies can be employed to optimize the integration of 
advanced technologies, such as biometrics, neural interfaces, 
and artificial intelligence, into VR systems to enhance learn-
ing outcomes?
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5  Conclusion

This systematic review comprehensively investigated the operationalization of VR features 
in professional training contexts, their influence on specific skill training and learning out-
comes, and the assessment techniques used to measure learning effects in VR.

The results underscored the diverse applications of VR across multiple domains, nota-
bly in healthcare and formal education, identifying an array of technological and expe-
riential VR features relevant to skill training. It remains established that VR simulators 
significantly enhance motor skills, yet the specific contribution of a few individual VR fea-
tures, such as immersivity, fidelity and interactivity remain ambiguous in this context. The 
primary intent of this review was to deconstruct the VR features employed in each study. In 
doing so, we aimed to provide a comprehensive summary of all features and elucidate their 
associations with skill training.

This review sheds light on the significant role of haptic feedback, 3D visuals, interactiv-
ity, and unique multisensory integration offered by VR environments in facilitating effec-
tive learning. Although this study underscores the pronounced influence of VR on skill-
based learning outcomes, it simultaneously emphasizes a comparatively subdued effect on 
cognitive and affective learning outcomes, thus underscoring the need for additional empir-
ical research focusing on VR training in contexts that target these outcomes. Furthermore, 
the review revealed the complexity of measuring the effects of VR on learning, noting the 
prevalent use of subjective measures and the potential for quantitative, hybrid, and other 
state-of-the-art measures (e.g., AI) to create a comprehensive assessment framework.

The findings from this review pave the way for a user-focused adaptive learning 
approach that harnesses the power of VR technology and has the potential to significantly 
enhance professional training outcomes. It is envisaged that the findings of this literature 
review will offer pivotal insights into the technical and experiential aspects of VR for the 
system designers and education providers alike.
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