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Abstract
Over the past decades, virtual reality (VR) has found its way into biofeedback (BF) therapy programs. Using VR promises 
to overcome challenges encountered in traditional BF such as low treatment motivation, low attentional focus and the dif-
ficulty of transferring learnt abilities to everyday life. Yet, a comprehensive research synthesis is still missing. Hence, this 
scoping review aims to provide an overview over empirical studies on VR based BF regarding key outcomes, included 
samples, used soft- and hardware, BF parameters, mode of application and potential limitations. We systematically searched 
Medline, PsycINFO, Scopus, CINAHL, Google Scholar and Open Grey for empirical research. Eighteen articles met the 
inclusion criteria. Samples mostly consisted of healthy (44.4%) and/or adult (77.7%) participants. Outcomes were mainly 
anxiety (44.4%), stress (44.4%) or pain reduction (11.1%), which were reduced by the VR-BF interventions at least as much 
as by classical BF. Participants in VR-BF interventions showed higher motivation and involvement as well as a better user 
experience. Heart rate or heart rate variability were the most frequently used BF parameters (50.0%), and most VR-BF inter-
ventions (72.2%) employed a natural environment (e.g., island). Currently, there is no clear evidence that VR-BF is more 
effective than traditional BF. Yet, results indicate that VR-BF may have advantages regarding motivation, user experience, 
involvement and attentional focus. Further research is needed to assess the specific impact of VR and gamification. Also, 
testing a broader range of clinical and younger samples would allow more far-reaching conclusions.

Keywords Biofeedback · Virtual reality · Mental health · Stress · Psychophysiology · Motivation

Introduction

Biofeedback (BF) may be defined as a process which enables 
individuals to intentionally alter their physiological activity 
(Schwartz, 2010). Precise instruments measure physiologi-
cal signals (e.g., heart rate, breathing, muscle tone, or skin 
temperature) and simultaneously feed this information back 
to the individual via visual or auditory channels. Ultimately, 
the individual learns to become independent of the exter-
nal feedback and progressively experiences control relying 
solely on internal feedback (Gaume et al., 2016). Areas of 
application for BF include the improvement of athletic, 

cognitive, or artistic performance (see Lehrer et al., 2020) 
and the treatment of a range of health conditions like chronic 
headache (Nestoriuc et al., 2008), pain (Sielski et al., 2017), 
high blood pressure (Nakao et al., 2003), or psychiatric dis-
orders (Schoenberg & David, 2014) like anxiety disorders 
(Tolin et  al., 2020) and depression (Walker & Lawson, 
2013). Furthermore, BF may be used as a tool for managing 
stress and anxiety (Goessl et al., 2017).

Although extant data generally supports the use of BF for 
certain indications, there are several indications which may 
impact learning and outcome. For instance, it has repeat-
edly been criticized that visual representations of physiologi-
cal signals are too abstract, too complex, or not meaning-
ful enough to the user (Blum et al., 2019; Yu et al., 2018). 
Similarly, the task content has frequently been labelled as 
“extremely boring” (Gaume et al., 2016, p. 907), and has 
been found to lack the ability to sufficiently engage the user’s 
attention (Blum et al., 2019).

According to the psychoengineering model by Gaume 
et al. (2016) the following five key mechanisms shape BF 
learning: perceptibility, autonomy, mastery, learnability, 
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and motivation. Particularly with regards to motivation, the 
authors see considerable need for improvement. It has been 
shown that extrinsic feedback (e.g., scores, money) facili-
tates the learning process. Hence, keeping the patient suf-
ficiently motivated and installing adequate reward systems 
are among the main challenges to training success (see also 
Schwartz, 1973). In sum, participants must take an active 
role and continue practicing in order to develop a desired 
skill (Frank et al., 2010). Apart from motivation, sufficiently 
engaging and keeping up the users’ attention during the task 
may be regarded another key factor in the success of BF 
(Blum et al., 2019). Learning to self-regulate requires the 
user to keep a sustained attentional focus on the feedback 
signal. Yet, unappealing task content and distractions from 
the (laboratory) surroundings, as well as disrupting thoughts 
may all hinder the user to continuously focus on the task 
at hand. Another issue lies in the predictive validity of BF 
tasks (Gaume et al., 2016). The main goal of BF is that users 
increasingly acquire autonomy in the sense that they learn to 
rely on their internal feedback. These newly learnt skills then 
need to generalize from the abstract BF training to the more 
complex and challenging realm of everyday life. Yet again, 
abstract stimuli and a rather sterile training environment may 
make this generalization difficult.

Virtual Reality and Gamification

Embedding BF in a virtual reality (VR) environment 
may constitute a viable solution to the above-mentioned 
challenges. Virtual reality is defined as an advanced 
human–computer interface that simulates a realistic virtual 
environment (VE) and allows participants to interact with 
it (Latta & Oberg, 1994). Using interactive elements and 
multisensory stimulation, VR manages to induce consider-
able levels of excitement and involvement (Maarsingh et al., 
2019).

Additionally, VR facilitates the integration of gamifica-
tion elements such as progression systems, story lines, or 
incentives (Deterding et al., 2011). Gamification approaches 
have experienced a rapid adoption in different scientific 
disciplines like education, health or work (Hamari et al., 
2014). So called serious games combine gamification with 
educational or therapeutic purposes (Connolly et al., 2012) 
and have repeatedly been found to be effective in improving 
motivation (Domínguez et al., 2013; Sailer, 2016). Hence, 
using gamification mechanics in connection with BF prom-
ises to overcome the challenge of low motivational engage-
ment. This may especially be true for children and adoles-
cents. Past findings (see the meta-analysis of Fadhli et al., 
2020) indicate that gamification can successfully be used to 
effectively engage younger generations in learning.

Furthermore, the use of immersive VR technology such 
as head-mounted-displays (HMDs), which cover the users’ 

full field of view (Slater & Wilbur, 1997), may promote 
sustained attention. Prior research has suggested that par-
ticularly immersive and interactive VEs which depict a 
nature environment like a beach, or a mountain scenery are 
effective in terms of stress reduction and relaxation (e.g., 
Annerstedt et al., 2013; Liszio et al., 2018). Virtual nature 
environments may be particularly suitable for BF applica-
tions as they can “replenish attentional resources in a com-
forting and relaxing way and provide plenty of opportunities 
for immersive and meaningful feedback elements” (Blum 
et al., 2019, p. 3). In their complexity and interactivity, 
VEs may furthermore improve the generalization of learnt 
skills to real-world settings. Generally, VEs are regarded 
as more ecologically valid than abstract tasks presented 
via 2D-screens (see Kothgassner & Felnhofer, 2020). Even 
when depicting phantasy worlds (e.g., underwater surround-
ings), VEs provide complex, contextually rich scenarios 
whose sensory vividness approximates that of everyday 
environments; also, the dynamic engagement of the senso-
rimotor system provokes more naturalistic behavioral and 
physiological responses than abstract stimuli (Bohil et al., 
2011). According to this, the generalization to everyday life 
is expected to be easier with VR-BF than with traditional BF 
(Pallavicini et al., 2009).

In light of these advantages, it is not surprising that VR 
has found its way into the field of BF. However, VR based 
BF protocol are still rather new, and although the body of 
literature continues to grow, there is, to date, no research 
synthesis on VR-BF. Hence, we set out to conduct a scoping 
review to map out this emerging field with regards to the 
extent, range, and nature of existing literature to guide the 
planning and commissioning of future studies. In particular, 
we were interested in identifying key characteristics of exist-
ing studies such as included samples, design, types of physi-
ological signals used, task content, type of VR equipment 
(hard- and software), mode of application (e.g., free body 
movements), and key outcomes (e.g., health, usability, moti-
vation), as well as potential limitations (e.g., cybersickness).

Methods

Since this research is rather young and heterogeneous, we 
chose the method of a scoping review to stake out the field 
(Arksey & O'Malley, 2005). Scoping reviews aim to pro-
vide an orientation over an ambiguous and heterogeneous 
field of research which is conceptually and methodologically 
too broad for a systematic review; another goal of scoping 
reviews is to create a knowledge synthesis of the main con-
cepts and theories of a given field and map out open research 
questions (Tricco et al., 2018). Their objectives typically 
encompass summarizing research findings and identifying 
research gaps to derive recommendations for future studies 
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(Peters et al., 2015). In our approach, we adhered to the 
methods proposed by Arksey and O'Malley (2005), and 
Levac et al. (2010); also, we closely followed the PRISMA-
ScR Guidelines formulated by Tricco et al. (2018).

Inclusion and Exclusion Criteria

We included studies in English and German from the begin-
ning of database records until June 2021. Studies were eli-
gible for inclusion if they evaluated a VR-BF treatment 
in at least one experimental group. We therefore limited 
our search to empirical research and excluded theoretical 
research like conceptual works. Furthermore, we excluded 
research that was solely qualitative, and reported no quanti-
tative analyses. We searched peer reviewed and grey litera-
ture, and no limit was imposed on age groups. Our search 
exclusively focused on BF methods using peripheral psy-
chophysiological parameters (i.e., heart rate (HR), heart 
rate variability (HRV), electrodermal activity (EDA), and 
breathing). Neurofeedback as well as proprioceptive and 
motor feedback interventions were excluded from the current 
scoping review for the sake of more stringency in content. 
In accordance with the VR definition of Riva (2003), we 
focused on studies utilizing immersive HMDs instead of flat 
screen or room-based systems.

Search Strategy

We searched the databases Medline, PsycINFO (OVID), 
Scopus, CINAHL, Google Scholar and Open Grey for fitting 
literature. Additionally, Google Scholar alerts were enabled 
to ensure inclusion of articles in press. Search terms were 
selected to target papers addressing the intersection between 
BF (biofeedback, biofeedback training) and VR (virtual 
reality, vr, virtual environment, computer simulation). A 
detailed list of search strings is available as a supplement 
(Appendix Table A).

Study Selection and Data Extraction

We de-duplicated the retrieved records using Zotero v5.0.87. 
We then individually reviewed the titles and abstracts and 
removed those which did not fit the inclusion criteria. One 
author (R.L.) independently reviewed all remaining full texts 
to establish eligibility. Whenever he was unsure, consensus 
with the second author (A.F.) was sought. The reference lists 
of chosen full texts were searched manually to find studies 
which had not been identified in the database research. To 
‘chart’ the data, we built a form that we tested on articles 
we had retrieved in an earlier prescreening. Charting is a 
technique “for synthesizing and interpreting qualitative data 
by sifting, categorizing, and sorting material according to 
key issues and themes” (Arksey & O’Malley, 2005, p. 15). 

Following this technique, we charted key information and 
quantitative data in the full texts. We used Microsoft Excel 
to design a data charting form based on the variables rel-
evant with regards to the scope of the review.

Results

Our initial search yielded 1028 articles. After removing 
duplicates and papers not fitting the inclusion criteria, 
n = 18 studies with 865 subjects (54.54% female; of those 
studies which reported gender) were included in this review 
(Table 1). For the detailed selection process, see Fig. 1. Most 
studies (n = 13) were published between 2016 and 2021. 
Studies originated from different countries, yet most studies 
could be related to either Germany (n = 5), the Netherlands 
(n = 5) or Italy (n = 4). Studies either reported randomized 
controlled trials (RCTs, n = 9) or a pre-post-design (n = 9). 
For the studies’ place of origin, objectives, design, used 
methods, measures and outcomes see Table 1.

Participants’ Characteristics

Overall, n = 14 studies used adult samples (> 18 years), 
only n = 2 studies were conducted among underage par-
ticipants, and two (Hendriks & Rombout, 2018; Tu et al., 
2020) did not report age. The mean age across all stud-
ies was M = 31.23 years, with the youngest sample being 
M = 10.1 years (Van Rooij et al., 2016) and the oldest sample 
being M = 68.0 years old (Prabhu et al., 2019). Most partici-
pants were healthy (n = 9 studies), followed by persons with 
general anxiety disorder (GAD) in n = 3 studies.

VR technology and Implementation of Feedback

Most studies (n = 14) used virtual nature environments such 
as islands (n = 8), forests (n = 3), underwater worlds (n = 2), 
or a hilly landscape (n = 1). Also, the majority (n = 12) 
employed modern 100-to-110-degree diagonal field-of-view 
(FoV) HMD solutions, including the Oculus Rift or HTC 
Vive, while n = 4 studies used older HMDs like the VUZIX 
iWear, which are only capable of delivering a 30-to-40-de-
gree FoV. One study reported the use of the smartphone-
based HMD setup Google Daydream View (90 degree) and 
one used the Deepstream stereoscopic viewer (85 degree), 
a VR solution mounted on a mechanic arm instead of the 
participant’s head in order to free it from additional weight. 
Most studies (n = 15) were either single task exercises or 
a sequence of narratively unconnected tasks (e.g., calming 
down to lighten up a fire). Only n = 3 studies used a narra-
tive logically connecting different exercises with each other, 
and only one embedded them into a larger storyline. All 
applications presented their feedback primarily visually; 



4 Applied Psychophysiology and Biofeedback (2022) 47:1–15

1 3

Ta
bl

e 
1 

 C
ha

ra
ct

er
ist

ic
s o

f s
tu

di
es

 in
cl

ud
ed

 in
 th

is
 re

vi
ew

Re
fe

re
nc

e 
C

ou
nt

ry
A

pp
lic

at
io

n
Sa

m
pl

e
Pa

rti
ci

pa
nt

s 
(%

 fe
m

al
e)

 a
ge

 
(r

an
ge

)

D
es

ig
n

Se
ss

io
ns

 (d
ur

a-
tio

n)
In

te
rv

en
tio

n
Ty

pe
 o

f f
ee

db
ac

k
O

ut
co

m
es

 
(m

ea
su

re
s)

M
ai

n 
fin

di
ng

s

B
lu

m
 e

t a
l. 

(2
01

9)
,

G
er

m
an

y

Su
ns

et
 b

ea
ch

fr
ee

in
g 

th
e 

sk
y 

fro
m

 c
lo

ud
s, 

lig
ht

in
g 

up
 

ca
m

pfi
re

s a
nd

 
la

m
ps

H
ea

lth
y

n =
 60

 (n
/a

)
ag

e:
 M

 =
 33

.5
 

SD
 =

 9.
4

RC
T 

1 
(1

0 
m

in
)

V
R

 +
 B

F
vs

. D
es

kt
op

 
PC

 +
 B

F

H
RV

D
yn

am
ic

 c
ha

ng
e 

of
 c

lo
ud

 c
ov

er
-

ag
e,

 c
am

pfi
re

St
re

ss
 (S

TA
I-

S)
Re

la
xa

tio
n 

(S
TA

I-
S)

Re
la

xa
tio

n 
effi

ca
cy

 (s
el

f-
co

ns
tru

ct
ed

 
ite

m
s)

M
in

d 
w

an
de

rin
g 

(C
IQ

)
Fo

cu
s o

n 
pr

es
en

t 
m

om
en

t (
SM

S)
A

tte
nt

io
na

l 
re

so
ur

ce
s 

(m
od

ifi
ed

 
St

ro
op

 ta
sk

)

V
R-

B
F 

an
d 

tra
di

tio
na

l B
F 

co
m

pa
ra

bl
e 

in
 

te
rm

s o
f B

F 
pe

rfo
rm

an
ce

V
R-

B
F 

bu
ffe

re
d 

pe
rc

ei
ve

d 
str

es
s 

in
 su

bs
eq

ue
nt

 
str

es
so

r t
as

k,
 

in
cr

ea
se

d 
re

la
xa

-
tio

n 
se

lf-
effi

ca
cy

 
m

or
e,

 re
du

ce
d 

m
in

d-
w

an
de

rin
g,

 
he

lp
ed

 p
ar

-
tic

ip
an

ts
 fo

cu
s 

on
 th

e 
pr

es
en

t 
m

om
en

t, 
an

d 
he

lp
ed

 p
re

se
rv

e 
at

te
nt

io
na

l 
re

so
ur

ce
s

B
os

se
n-

br
oo

ek
 

et
 a

l. 
(2

02
0)

,
N

et
he

rla
nd

s

D
EE

P
ex

pl
or

in
g 

an
 

un
de

rw
at

er
 

w
or

ld

A
D

H
D

/
A

SD
n =

 8 
(1

2%
)

ag
e:

 M
 =

 14
.6

7 
SD

 =
 1.

83
 

(1
2.

94
–1

7.
34

)

Si
ng

le
-c

as
e 

stu
dy

6 
(1

2.
41

 m
in

)
V

R
 +

 B
F

Br
ea

th
in

g
D

yn
am

ic
 c

ha
ng

e 
of

 c
irc

le
 th

at
 

co
rr

es
po

nd
s t

o 
in

-&
 e

xh
al

a-
tio

n,
 m

ov
em

en
t 

co
nt

ro
l

A
nx

ie
ty

 (S
TA

I)
D

is
ru

pt
iv

e 
cl

as
s-

ro
om

 b
eh

av
io

r 
(te

ac
he

r i
nt

er
-

vi
ew

s)

Sm
al

l s
ig

ni
fic

an
t 

re
du

ct
io

n 
in

 
an

xi
et

y
Sm

al
l n

on
-s

ig
ni

fi-
ca

nt
 re

du
ct

io
n 

in
 

di
sr

up
tiv

e 
cl

as
s-

ro
om

 b
eh

av
io

r
G

ag
gi

ol
i e

t a
l. 

(2
01

4)
,

Ita
ly

In
te

rr
ea

lit
y 

Pr
oj

ec
t

tro
pi

ca
l i

sl
an

d 
w

ith
 re

la
xa

tio
n 

ar
ea

s (
ca

m
p-

fir
e,

 b
ea

ch
, 

w
at

er
fa

ll)

St
re

ss
ed

n =
 12

1 
(n

/a
)

ag
e:

 M
 =

 42
.9

6
SD

 =
 9.

32

RC
T 

10
 (6

0)
V

R
 +

 B
F 

+
 S

m
ar

t-
ph

on
e 

(I
R

) v
s

C
la

ss
ic

al
 C

B
T 

vs
. 

w
ai

tli
st

H
R/

H
RV

D
yn

am
ic

 c
ha

ng
e 

of
 fi

re
 in

te
ns

ity
, 

m
ov

em
en

t o
f 

w
av

es
, m

ov
e-

m
en

t o
f w

at
er

Tr
ai

t A
nx

ie
ty

 
(S

TA
I)

C
op

in
g 

(C
O

PE
)

St
re

ss
 (P

SS
, 

PS
M

)
Sa

tis
fa

ct
io

n 
w

ith
 

lif
e 

(S
W

LS
)

C
B

T 
an

d 
IR

 
si

gn
ifi

ca
nt

ly
 

re
du

ce
d 

pe
r-

ce
iv

ed
 st

re
ss

, 
on

ly
 IR

 si
gn

ifi
-

ca
nt

ly
 re

du
ce

d 
tra

it 
an

xi
et

y
C

B
T 

an
d 

IR
 

si
gn

ifi
ca

nt
ly

 
im

pr
ov

ed
 c

op
in

g 
sk

ill
s, 

IR
 si

g-
ni

fic
an

tly
 g

re
at

er
 

in
cr

ea
se

N
o 

di
ffe

re
nc

e 
in

 
Sa

tis
fa

ct
io

n 
w

ith
 

lif
e



5Applied Psychophysiology and Biofeedback (2022) 47:1–15 

1 3

Ta
bl

e 
1 

 (c
on

tin
ue

d)

Re
fe

re
nc

e 
C

ou
nt

ry
A

pp
lic

at
io

n
Sa

m
pl

e
Pa

rti
ci

pa
nt

s 
(%

 fe
m

al
e)

 a
ge

 
(r

an
ge

)

D
es

ig
n

Se
ss

io
ns

 (d
ur

a-
tio

n)
In

te
rv

en
tio

n
Ty

pe
 o

f f
ee

db
ac

k
O

ut
co

m
es

 
(m

ea
su

re
s)

M
ai

n 
fin

di
ng

s

G
or

in
i e

t a
l. 

(2
01

0)
b ,

Ita
ly

IN
TR

EP
ID

 
Pr

oj
ec

t
tro

pi
ca

l i
sl

an
d 

w
ith

 re
la

xa
tio

n 
ar

ea
s (

ca
m

p-
fir

e,
 b

ea
ch

, 
w

at
er

fa
ll)

G
A

D
n =

 20
 (n

/a
)

ag
e:

 n
/a

(1
8–

50
)

RC
T 

8 
(n

/a
)

V
R

 +
 sm

ar
t-

ph
on

e +
 B

F 
vs

. 
sm

ar
tp

ho
ne

 +
 B

F 
vs

. w
ai

tli
st

H
R

D
yn

am
ic

 c
ha

ng
e 

of
 fi

re
 in

te
ns

ity
, 

m
ov

em
en

t o
f 

w
av

es
, m

ov
e-

m
en

t o
f w

at
er

G
A

D
(E

D
A

, H
R

, 
ST

A
I-Y

, H
A

M
-

A
)

G
A

D
 im

pr
ov

e-
m

en
t i

n 
bo

th
 

ex
pe

rim
en

ta
l 

gr
ou

ps
 p

os
t 

tre
at

m
en

t
O

nl
y 

in
 V

R-
sm

ar
tp

ho
ne

 B
F 

gr
ou

p 
si

gn
ifi

ca
nt

 
re

du
ct

io
n 

in
 

ST
A

I-Y
-s

co
re

s 
po

st 
tre

at
m

en
t

H
en

dr
ik

s a
nd

 
Ro

m
bo

ut
 

(2
01

8)
,

N
et

he
rla

nd
s

C
al

m
 F

or
es

t
ch

an
gi

ng
 e

nv
i-

ro
nm

en
ta

l l
ig

ht

H
ea

lth
y

n =
 12

 (4
1%

)
ag

e:
 n

/a
Si

ng
le

-c
as

e 
stu

dy
1 

(n
/a

)
V

R
 (H

Q
) +

 B
F 

vs
V

R
 (H

Q
) +

 no
 B

F
vs

. V
R

 (L
Q

) +
 B

F 
vs

V
R

 (L
Q

) +
 no

 B
F

D
B

D
yn

am
ic

 c
ha

ng
e 

of
 e

nv
iro

nm
en

-
ta

l l
ig

ht

St
at

e 
A

nx
ie

ty
 

(S
U

D
S)

St
at

e 
A

nx
i-

et
y 

te
nd

ed
 to

 
de

cr
ea

se
 n

on
-

si
gn

ifi
ca

nt
ly

 o
ve

r 
al

l c
on

di
tio

ns
In

 th
e 

no
-B

F-
C

on
di

tio
n 

St
at

e 
A

nx
ie

ty
 n

on
-s

ig
-

ni
fic

an
tly

 h
ig

he
r 

in
 h

ig
h-

qu
al

ity
 

co
nd

iti
on

 th
an

 in
 

th
e 

lo
w

-q
ua

lit
y 

co
nd

iti
on

H
ou

za
ng

be
 e

t a
l. 

(2
02

0)
,

Fr
an

ce

Fu
tu

ri
st

ic
 la

bo
-

ra
to

ry
 ro

om
s 

su
cc

es
si

on
 o

f 
ro

om
s w

ith
 d

if-
fe

re
nt

 B
F 

ta
sk

s 
ea

ch

H
ea

lth
y

n =
 30

 (2
6%

)
ag

e:
M

 =
 25

.8
7 

SD
 =

 5.
23

7 
(2

1–
43

)

Si
ng

le
-c

as
e 

stu
dy

1 
(1

2 
m

in
)

V
R

 +
 B

F
H

R
D

yn
am

ic
 c

ha
ng

e 
of

 li
gh

ts
 o

r 
la

se
rs

A
ge

nc
y

Pe
rc

ei
ve

d 
us

ab
ili

ty
Fe

lt 
in

vo
lv

em
en

t
Fo

cu
se

d 
at

te
n-

tio
n

Pe
rs

on
al

 g
ra

ti-
fic

at
io

n 
(s

el
f-

co
ns

tru
ct

ed
 

ite
m

s)

Si
gn

ifi
ca

nt
ly

 
hi

gh
er

 in
vo

lv
e-

m
en

t a
nd

 p
er

-
so

na
l g

ra
tifi

ca
-

tio
n,

N
o 

si
gn

ifi
ca

nt
 

di
ffe

re
nc

e 
in

 p
er

-
ce

iv
ed

 u
sa

bi
lit

y,
 

fo
cu

se
d 

at
te

nt
io

n 
an

d 
ag

en
cy

 
co

m
pa

re
d 

to
 th

e 
av

er
ag

e 
sc

or
e



6 Applied Psychophysiology and Biofeedback (2022) 47:1–15

1 3

Ta
bl

e 
1 

 (c
on

tin
ue

d)

Re
fe

re
nc

e 
C

ou
nt

ry
A

pp
lic

at
io

n
Sa

m
pl

e
Pa

rti
ci

pa
nt

s 
(%

 fe
m

al
e)

 a
ge

 
(r

an
ge

)

D
es

ig
n

Se
ss

io
ns

 (d
ur

a-
tio

n)
In

te
rv

en
tio

n
Ty

pe
 o

f f
ee

db
ac

k
O

ut
co

m
es

 
(m

ea
su

re
s)

M
ai

n 
fin

di
ng

s

K
oj

ić
 e

t a
l. 

(2
01

9)
,

G
er

m
an

y

Ro
w

in
g 

si
m

ul
at

or
 st

at
ic

 
m

ou
nt

ai
n 

la
ke

 
pi

ct
ur

e 
w

ith
 

an
 o

ve
rla

y 
of

 a
 

ph
ys

io
lo

gi
ca

l 
si

gn
al

H
ea

lth
y

n =
 23

 (4
3.

5%
)

ag
e:

M
 =

 23
.6

7 
SD

 =
 4.

88
7 

(1
7–

36
)

W
ith

in
-s

ub
je

ct
s-

de
si

gn
5 

(6
0 

m
in

)
V

R
 +

 B
F 

as
 li

ne
 

ch
ar

t v
s

V
R

 +
 B

F 
as

 lu
ng

 
an

im
at

io
n 

vs
V

R
 +

 al
l v

is
ua

liz
a-

tio
ns

 o
f B

F 
vs

no
 V

R
, n

o 
B

F 
vs

V
R

 +
 no

 B
F

RR Ph
ys

io
lo

gi
ca

l 
si

gn
al

 (b
re

at
h-

in
g 

as
 li

ne
 

ch
ar

t o
r l

un
g 

an
im

at
io

n)

B
re

at
hi

ng
 p

at
-

te
rn

 (R
R

)
Fl

ow
 (S

FS
S-

2,
 

IP
Q

)
Sy

m
pa

th
y

H
el

pf
ul

ne
ss

C
or

re
ct

 R
R

 
de

cr
ea

se
d 

fo
r 

co
nd

iti
on

s w
ith

 
vi

su
al

iz
at

io
ns

 
in

 V
R

U
se

r e
xp

er
i-

en
ce

 e
nh

an
ce

d 
th

ro
ug

h 
V

R
Fl

ow
, s

ym
pa

th
y,

 
an

d 
he

lp
fu

ln
es

s 
hi

gh
er

 in
 a

ll 
V

R
 

co
nd

iti
on

s
M

aa
rs

in
gh

 e
t a

l. 
(2

01
9)

,
N

et
he

rla
nd

s

St
re

ss
ja

m
tro

pi
ca

l i
sl

an
d

(1
) S

tre
ss

ed
(2

) H
ea

lth
y

(1
) n

 =
 64

 
(5

1.
6%

)
ag

e:
 M

 =
 40

.6
 

SD
 =

 11
.5

(2
) n

 =
 11

1 
(6

2.
2%

)
ag

e:
M

 =
 43

.0
 

SD
 =

 10
.5

C
as

e 
co

nt
ro

l 
stu

dy
(1

) 3
 (6

0 
m

in
) 

(2
) 1

 (6
0 

m
in

)
(1

) V
R

 +
 B

F
(2

) V
R

 +
 B

F
H

RV
D

yn
am

ic
 c

ha
ng

e 
of

 v
is

ua
l c

ue
s 

ba
se

d 
on

 H
R

 
(i.

e.
 d

oo
r o

pe
ns

 
w

ith
 lo

w
 H

R
)

St
re

ss
 (H

RV
)

St
re

ss
 m

in
ds

et
 

(S
M

M
-G

)
Pe

rs
on

al
 in

vo
lv

e-
m

en
t (

PI
I)

Sy
ste

m
 u

sa
bi

lit
y 

(S
U

S)

Th
e 

he
al

th
y 

pa
rti

ci
pa

nt
s 

an
d 

th
e 

pa
tie

nt
 

sa
m

pl
e 

bo
th

 h
ad

 
a 

m
or

e 
po

si
tiv

e 
str

es
s m

in
ds

et
 

af
te

r u
si

ng
 th

e 
ap

pl
ic

at
io

n 
th

an
 

at
 b

as
el

in
e

Pa
lla

vi
- c

in
i e

t a
l. 

(2
00

9)
b ,

Ita
ly

IN
TR

EP
ID

 
Pr

oj
ec

t
tro

pi
ca

l i
sl

an
d 

w
ith

 re
la

xa
tio

n 
ar

ea
s (

ca
m

p-
fir

e,
 b

ea
ch

, 
w

at
er

fa
ll)

G
A

D
n =

 12
 (7

5%
)

ag
e:

M
 =

 47
 

SD
 =

 11
.9

2a

RC
T 

8 
(n

/a
)

V
R

 +
 S

m
ar

t-
ph

on
e +

 B
F 

(V
R

M
B

) v
s

V
R

 +
 S

m
ar

tp
ho

ne
 

(V
R

M
) v

s
W

ai
tin

g 
lis

t

H
R

Ph
ys

io
lo

gi
ca

l 
si

gn
al

 (b
ar

 w
ith

 
H

R
)

D
yn

am
ic

 c
ha

ng
e 

of
 v

is
ua

l c
ue

 
((

a)
fir

e 
in

te
n-

si
ty

, (
b)

 m
ov

e-
m

en
t o

f w
av

es
, 

(c
) m

ov
em

en
t 

of
 w

at
er

)

G
A

D
(E

D
A

, H
R

, 
ST

A
I-Y

, B
A

I, 
PS

W
Q

, V
A

S-
A

)

O
nl

y 
in

 V
R

M
B

 
gr

ou
p 

si
g-

ni
fic

an
t a

nx
ie

ty
 

re
du

ct
io

n 
af

te
r 

tre
at

m
en

t
Te

nd
en

cy
 in

di
ca

t-
in

g 
a 

de
cr

ea
se

 
in

 H
R

 a
nd

 E
D

A
 

be
tw

ee
n 

pr
e-

 a
nd

 
po

st-
se

ss
io

n 
in

 th
e 

V
R

M
B

 
gr

ou
p,

 h
ig

he
r 

th
an

 in
 th

e 
V

R
M

Pr
ab

hu
 e

t a
l. 

(2
01

9)
,

U
SA

Vi
rt

ua
l b

ea
ch

cl
ea

rin
g 

th
e 

be
ac

h 
of

 fo
g

To
ta

l k
ne

e 
at

hr
o-

pl
as

ty
n =

 5 
(6

0%
)

ag
e:

M
 =

 68
SD

 =
 3.

4

Si
ng

le
-c

as
e 

stu
dy

1 
(n

/a
)

V
R

 +
 B

F
H

RV
, R

R
Ph

ys
io

lo
gi

ca
l 

si
gn

al
 (H

RV
-

cu
rv

e)
D

yn
am

ic
 c

ha
ng

e 
of

 v
is

ua
l c

ue
 

(fo
g 

on
 b

ea
ch

)

A
nx

ie
ty

 (n
/a

)
Pa

in
 (n

/a
)

27
.6

%
 p

ai
n 

re
du

c-
tio

n
33

%
 a

nx
ie

ty
 

re
du

ct
io

n 
af

te
r 

in
te

rv
en

tio
n 

co
m

pa
re

d 
to

 
ba

se
 re

su
lts



7Applied Psychophysiology and Biofeedback (2022) 47:1–15 

1 3

Ta
bl

e 
1 

 (c
on

tin
ue

d)

Re
fe

re
nc

e 
C

ou
nt

ry
A

pp
lic

at
io

n
Sa

m
pl

e
Pa

rti
ci

pa
nt

s 
(%

 fe
m

al
e)

 a
ge

 
(r

an
ge

)

D
es

ig
n

Se
ss

io
ns

 (d
ur

a-
tio

n)
In

te
rv

en
tio

n
Ty

pe
 o

f f
ee

db
ac

k
O

ut
co

m
es

 
(m

ea
su

re
s)

M
ai

n 
fin

di
ng

s

Re
pe

tto
 e

t a
l. 

(2
01

1)
b ,

Ita
ly

IN
TR

EP
ID

 
Pr

oj
ec

t
tro

pi
ca

l i
sl

an
d 

w
ith

 re
la

xa
tio

n 
ar

ea
s (

ca
m

p-
fir

e,
 b

ea
ch

, 
w

at
er

fa
ll)

G
A

D
n =

 24
 (n

/a
)

ag
e:

M
 =

 47
.8

 
SD

 =
 12

.1
8

(1
8–

50
)a

RC
T 

8 
(n

/a
)

V
R

 +
 S

m
ar

t-
ph

on
e +

 B
F 

(V
R

M
B

) v
s

V
R

 +
 S

m
ar

tp
ho

ne
 

(V
R

M
) v

s
W

ai
tin

g 
lis

t

H
R,

 E
D

A
Ph

ys
io

lo
gi

ca
l 

si
gn

al
 (b

ar
 w

ith
 

H
R

)
D

yn
am

ic
 c

ha
ng

e 
of

 v
is

ua
l c

ue
 

((
a)

fir
e 

in
te

n-
si

ty
, (

b)
 m

ov
e-

m
en

t o
f w

av
es

, 
(c

) m
ov

em
en

t 
of

 w
at

er
)

G
A

D
 (S

TA
I-Y

, 
H

A
M

-A
)

Si
gn

ifi
ca

nt
 re

du
c-

tio
n 

in
 p

hy
si

-
ol

og
ic

al
 a

nd
 

se
lf-

as
se

ss
ed

 
m

ea
su

re
s o

f 
an

xi
et

y 
at

 th
e 

en
d 

of
 th

e 
di

f-
fe

re
nt

 se
ss

io
ns

; 
te

nd
en

cy
 o

f 
hi

gh
er

 H
R

 a
nd

 
ED

A
 d

ec
re

as
e 

in
 e

xp
er

im
en

ta
l 

gr
ou

p
Ro

ck
str

oh
 e

t a
l. 

(2
02

1)
,

G
er

m
an

y

Fl
ow

bo
rn

e
re

la
xi

ng
 ru

in
s 

an
d 

fo
re

st 
en

vi
-

ro
nm

en
ts

n/
a

n =
 45

 (6
4.

4%
)

ag
e:

M
 =

 22
.9

 
SD

 =
 5.

4

Si
ng

le
-c

as
e 

stu
dy

6 
(8

 m
in

)
V

R
 +

 B
F

D
B

D
yn

am
ic

 c
ha

ng
e 

of
 v

is
ua

l c
ue

 
(c

ha
ng

in
g 

co
lo

rs
 in

 th
e 

en
vi

ro
nm

en
t)

U
se

r e
xp

er
ie

nc
e 

(s
el

f-
co

n-
str

uc
te

d 
ite

m
s)

M
om

en
ta

ry
 

re
la

xa
tio

n 
(s

in
gl

e 
ite

m
)

Pe
rc

ei
ve

d 
str

es
s 

(P
SS

-1
0)

B
ur

no
ut

 (C
B

I)
Se

lf-
effi

ca
cy

 
(s

el
f-

co
n-

str
uc

te
d 

ite
m

s)

In
cr

ea
se

d 
us

e 
of

 
D

B
, s

ig
ni

fic
an

t 
re

du
ct

io
n 

of
 

pe
rc

ei
ve

d 
str

es
s 

an
d 

bu
rn

ou
t, 

no
 d

iff
er

en
ce

s 
in

 w
or

k-
re

la
te

d 
bu

rn
ou

t s
ym

p-
to

m
s, 

si
gn

ifi
-

ca
nt

ly
 in

cr
ea

se
d 

re
la

xa
tio

n-
re

la
te

d 
se

lf-
effi

ca
cy

Ro
ck

str
oh

 e
t a

l. 
(2

02
0)

,
G

er
m

an
y

Fo
re

st
dy

na
m

ic
 w

ea
th

er
 

co
nd

iti
on

s

H
ea

lth
y

n =
 94

 (6
8%

)
ag

e:
M

 =
 23

.8
 

SD
 =

 4.
9

RC
T 

1 
(1

0 
m

in
)

V
R

 +
 B

F 
vs

V
R

 w
/o

 B
F 

vs
sc

re
en

 +
 B

F 
vs

.
sc

re
en

 w
/o

 B
F

ED
A

D
yn

am
ic

 c
ha

ng
e 

of
 v

is
ua

l c
ue

 
(w

ea
th

er
 c

on
di

-
tio

n)
D

yn
am

ic
 c

ha
ng

e 
of

 S
ou

nd
sc

ap
e 

(w
ea

th
er

)

Se
ns

e 
of

 p
re

s-
en

ce
 (I

PQ
); 

Pe
rc

ei
ve

d 
str

es
s (

ST
A

I-
S)

 
Re

sto
ra

tiv
en

es
s 

(P
R

S)

N
o 

tre
at

m
en

t-s
pe

-
ci

fic
 d

iff
er

en
ce

s 
in

 su
bj

ec
tiv

e 
str

es
s o

r p
hy

si
-

ol
og

ic
al

 a
ro

us
al

; 
in

cr
ea

se
d 

se
ns

e 
of

 p
re

se
nc

e 
an

d 
in

 p
ar

ts
 p

er
-

ce
iv

ed
 re

sto
ra

-
tiv

en
es

s i
n 

EG



8 Applied Psychophysiology and Biofeedback (2022) 47:1–15

1 3

Ta
bl

e 
1 

 (c
on

tin
ue

d)

Re
fe

re
nc

e 
C

ou
nt

ry
A

pp
lic

at
io

n
Sa

m
pl

e
Pa

rti
ci

pa
nt

s 
(%

 fe
m

al
e)

 a
ge

 
(r

an
ge

)

D
es

ig
n

Se
ss

io
ns

 (d
ur

a-
tio

n)
In

te
rv

en
tio

n
Ty

pe
 o

f f
ee

db
ac

k
O

ut
co

m
es

 
(m

ea
su

re
s)

M
ai

n 
fin

di
ng

s

Ro
ck

str
oh

 e
t a

l. 
(2

01
9)

,
G

er
m

an
y

Su
ns

et
 b

ea
ch

fr
ee

in
g 

th
e 

sk
y 

fro
m

 c
lo

ud
s, 

lig
ht

in
g 

up
 

ca
m

pfi
re

s a
nd

 
la

m
ps

H
ea

lth
y

n =
 68

 (5
1.

6%
)

ag
e:

M
 =

 22
.9

 
SD

 =
 4.

0

RC
T 

1 
(1

0 
m

in
)

V
R-

B
F 

vs
B

F
H

RV
D

yn
am

ic
 c

ha
ng

e 
of

 v
is

ua
l c

lu
es

 
(c

lo
ud

 c
ov

er
-

ag
e,

 c
am

pfi
re

)

M
oo

d 
(M

D
B

F)
M

ot
iv

at
io

na
l 

as
pe

ct
s (

se
lf-

co
ns

tru
ct

ed
 

ite
m

(s
))

A
tte

nt
io

na
l 

fo
cu

s (
se

lf-
co

ns
tru

ct
ed

 
ite

m
(s

))

V
R-

H
RV

-B
F 

an
d 

H
RV

-B
F 

ar
e 

eq
ua

lly
 e

ffe
ct

iv
e 

in
 in

cr
ea

si
ng

 
sh

or
t-t

er
m

 H
RV

V
R-

H
RV

-B
F 

w
as

 
as

so
ci

at
ed

 w
ith

 
hi

gh
er

 m
ot

iv
a-

tio
n 

an
d 

he
lp

ed
 

us
er

s b
et

te
r t

o 
m

ai
nt

ai
n 

at
te

n-
tio

na
l f

oc
us

Ti
ng

a 
et

 a
l. 

(2
01

9)
,

N
et

he
rla

nd
s

M
in

df
ul

 b
re

at
h-

in
g 

w
hi

te
 c

lo
ud

 
m

ov
in

g

H
ea

lth
y

n =
 60

 (6
1.

7%
)

ag
e:

M
 =

 22
.0

7 
SD

 =
 3.

03
(1

8–
31

)

RC
T 

1 
(6

 m
in

)
V

R
 +

 B
F 

vs
V

R
 +

 B
F 

pl
ac

eb
o 

vs
V

R
 w

/o
 B

F

EC
G

, R
R

D
yn

am
ic

 c
ha

ng
e 

of
 v

is
ua

l c
ue

 
(c

lo
ud

 in
 fr

on
t 

of
 fa

ce
)

Su
bj

ec
tiv

e 
ar

ou
sa

l (
se

lf-
co

ns
tru

ct
ed

 
ite

m
(s

))
O

bj
ec

tiv
e 

ar
ou

sa
l (

EC
G

, 
EE

G
, R

R
)

Su
bj

ec
tiv

e 
ex

pe
-

rie
nc

e 
(s

el
f-

co
ns

tru
ct

ed
 

ite
m

(s
))

Su
bj

ec
tiv

e 
an

d 
ob

je
ct

iv
e 

ar
ou

sa
l 

de
cr

ea
se

d 
in

 a
ll 

co
nd

iti
on

s. 
Re

s-
pi

ra
to

ry
 B

F 
ha

d 
no

 a
dd

iti
on

al
 

va
lu

e 
in

 re
du

ci
ng

 
ar

ou
sa

l

To
ng

 e
t a

l. 
(2

01
5)

b ,
C

an
ad

a

Vi
rt

ua
l M

ed
ita

-
tiv

e 
W

al
k 

(V
M

W
)

gu
id

ed
 fo

re
st 

pa
th

C
hr

on
ic

 p
ai

n
n =

 13
 (5

3.
8%

)
ag

e:
M

 =
 49

SD
 =

 8.
2

(3
5–

55
)

RC
T 

1 
(1

2 
m

in
)

D
ee

ps
tre

am
 

ste
re

os
co

pi
c 

vi
ew

er
 +

 B
F 

(a
ud

io
 tr

ac
k)

vs
. B

F 
(a

ud
io

 
tra

ck
)

ED
A

D
yn

am
ic

 c
ha

ng
e 

of
 a

m
ou

nt
 

of
 fo

g 
in

 th
e 

w
oo

ds

Pa
in

 re
du

ct
io

n 
(s

el
f-

co
n-

str
uc

te
d 

ite
m

s)

V
R

 +
 B

F 
au

di
o 

tra
ck

 si
gn

ifi
ca

nt
 

m
or

e 
eff

ec
-

tiv
e 

th
an

 B
F 

(a
ud

io
 tr

ac
k)

 
on

ly
 in

 re
du

ci
ng

 
re

po
rte

d 
pa

in
 

le
ve

ls



9Applied Psychophysiology and Biofeedback (2022) 47:1–15 

1 3

Ta
bl

e 
1 

 (c
on

tin
ue

d)

Re
fe

re
nc

e 
C

ou
nt

ry
A

pp
lic

at
io

n
Sa

m
pl

e
Pa

rti
ci

pa
nt

s 
(%

 fe
m

al
e)

 a
ge

 
(r

an
ge

)

D
es

ig
n

Se
ss

io
ns

 (d
ur

a-
tio

n)
In

te
rv

en
tio

n
Ty

pe
 o

f f
ee

db
ac

k
O

ut
co

m
es

 
(m

ea
su

re
s)

M
ai

n 
fin

di
ng

s

Tu
 e

t a
l. 

(2
02

0)
,

U
SA

Br
ea

th
 C

oa
ch

m
ov

in
g 

a 
ba

ll 
on

 
a 

tra
ck

, m
ov

in
g 

a 
ci

rc
le

H
ea

lth
y

n =
 10

 (n
/a

)
ag

e:
M

 =
 n/

a
N

 =
 n/

a

Si
ng

le
-c

as
e 

stu
dy

6 
(1

5 
m

in
)

V
R

 +
 B

F 
vs

.B
F

BP
, I

BI
, R

SA
M

ov
em

en
t 

co
nt

ro
l t

hr
ou

gh
 

br
ea

th
in

g

St
re

ss
 re

du
ct

io
n 

(H
RV

) T
ra

in
-

in
g 

ex
pe

rie
nc

e 
(6

-it
em

 se
lf-

re
po

rt 
m

ea
su

re
, 

B
P)

B
re

at
hC

oa
ch

 
se

em
s m

or
e 

eff
ec

tiv
e 

th
an

 
tra

di
tio

na
l 

tra
in

in
g 

w
he

n 
it 

co
m

es
 to

 R
SA

 
m

ax
im

iz
at

io
n,

 
co

gn
iti

ve
 fu

nc
-

tio
n,

 a
nd

 st
re

ss
 

re
du

ct
io

n
Lo

w
er

 fr
eq

ue
nc

y 
of

 fe
el

in
g 

di
str

ac
te

d 
an

d 
an

xi
ou

s
Va

n 
Ro

oi
j e

t a
l. 

(2
01

6)
,

N
et

he
rla

nd
s

D
EE

P
ex

pl
or

at
io

n 
of

 
an

 u
nd

er
w

at
er

 
w

or
ld

n/
a

n =
 86

 (3
9.

5%
)

ag
e:

M
 =

 10
.1

 
SD

 =
 1.

4 
(8

–1
2)

Si
ng

le
-c

as
e 

stu
dy

1 
(7

 m
in

)
V

R
 +

 B
F

D
B

D
yn

am
ic

 c
ha

ng
e 

of
 v

is
ua

l c
ue

 
(c

irc
le

 th
at

 
co

rr
es

po
nd

s 
to

 in
- a

nd
 

ex
ha

la
tio

n)
, 

m
ov

em
en

t 
co

nt
ro

l t
hr

ou
gh

 
br

ea
th

in
g

Se
lf-

re
po

rte
d 

st
at

e-
an

xi
et

y 
(S

TA
I-

C
)

Se
lf-

re
po

rte
d 

po
si

tiv
e 

an
d 

ne
ga

tiv
e 

aff
ec

t 
(S

TA
I-

C
)

Ex
pe

rie
nc

e 
(s

el
f-

co
ns

tru
ct

ed
 

ite
m

(s
))

Si
gn

ifi
ca

nt
 

de
cr

ea
se

 in
 

se
lf-

re
po

rte
d 

st
at

e-
an

xi
et

y 
co

m
pa

re
d 

to
 

ba
se

lin
e

N
o 

si
gn

ifi
ca

nt
 d

if-
fe

re
nc

es
 in

 p
os

i-
tiv

e 
an

d 
ne

ga
tiv

e 
aff

ec
t c

om
pa

re
d 

to
 b

as
el

in
e

AS
I A

nx
ie

ty
 S

en
si

tiv
ity

 In
de

x,
 B

AI
 B

ec
k 

A
nx

ie
ty

 In
ve

nt
or

y,
 B

P 
B

re
at

hi
ng

 p
at

te
rn

, C
BI

 C
op

en
ha

ge
n 

B
ur

no
ut

 In
ve

nt
or

y,
 C

BT
 C

og
ni

tiv
e 

be
ha

vi
or

al
 te

ch
ni

qu
e,

 C
TH

 C
hr

on
ic

 te
ns

io
n 

he
ad

ac
he

, 
C

IQ
 C

og
ni

tiv
e 

In
te

rfe
re

nc
e 

Q
ue

sti
on

na
ire

, C
O

PE
 C

op
in

g 
O

rie
nt

at
io

n 
to

 th
e 

Pr
ob

le
m

s 
Ex

pe
rie

nc
ed

 I
nv

en
to

ry
, D

B 
D

ia
ph

ra
gm

at
ic

 b
re

at
hi

ng
, E

C
G

 E
le

ct
ro

ca
rd

io
gr

am
m

, E
D

A 
El

ec
tro

de
rm

al
 

ac
tiv

ity
, G

AD
 G

en
er

al
iz

ed
 a

nx
ie

ty
 d

is
or

de
r, 

H
AM

-A
 H

am
ilt

on
 A

nx
ie

ty
 R

at
in

g 
Sc

al
e,

 H
M

D
 H

ea
d 

m
ou

nt
ed

 d
is

pl
ay

, H
R 

H
ea

rt 
ra

te
, H

RV
 H

ea
rt 

ra
te

 v
ar

ia
bi

lit
y,

 IB
I I

nt
er

-b
ea

t i
nt

er
va

l, 
IP

Q
 Ig

ro
up

 
Pr

es
en

ce
 Q

ue
sti

on
na

ire
, M

BS
R 

M
in

df
ul

ne
ss

-b
as

ed
 st

re
ss

 re
du

ct
io

n,
 M

D
BF

 M
ul

tid
im

en
si

on
al

 M
oo

d 
Q

ue
sti

on
na

ire
, P

ed
sQ

L 
Pe

di
at

ric
 Q

ua
lit

y 
of

 L
ife

 In
ve

nt
or

y,
 P

II
 P

er
so

na
l I

nv
ol

ve
m

en
t I

nv
en

-
to

ry
, P

RS
 P

er
ce

iv
ed

 R
es

to
ra

tiv
en

es
s 

Sc
or

e,
 P

SM
 P

sy
ch

ol
og

ic
al

 S
tre

ss
 M

ea
su

re
, P

SS
 P

er
ce

iv
ed

 S
tre

ss
 S

ca
le

, P
SW

Q
 P

en
n 

St
at

e 
W

or
ry

 Q
ue

sti
on

na
ire

, R
R 

r r
at

e,
 R

SA
 R

es
pi

ra
to

ry
 s

in
us

 a
rr

hy
th

-
m

ia
, S

FS
S-

2 
SH

O
RT

 F
lo

w
 S

ta
te

 S
ca

le
, S

M
M

-G
 S

tre
ss

 M
in

ds
et

 M
ea

su
re

, S
M

S 
St

at
e 

M
in

df
ul

ne
ss

 S
ca

le
, S

TA
I-

C
 S

ta
te

-T
ra

it 
A

nx
ie

ty
 In

ve
nt

or
y 

fo
r C

hi
ld

re
n,

 S
TA

I-
S 

St
at

e-
Tr

ai
t A

nx
ie

ty
 In

ve
nt

or
y,

 
ST

AI
-Y

 S
ta

te
-T

ra
it 

A
nx

ie
ty

 in
ve

nt
or

y 
Fo

rm
 Y

-2
, S

U
D

S 
Su

bj
ec

tiv
e 

U
ni

ts
 o

f 
D

is
co

m
fo

rt 
Sc

al
e,

 S
U

S 
Sy

ste
m

 U
sa

bi
lit

y 
Sc

al
e,

 S
W

LS
 S

at
is

fa
ct

io
n 

w
ith

 L
ife

 S
ca

le
, T

AS
-2

0 
To

ro
nt

o 
A

le
xi

th
ym

ia
 

Sc
al

e,
 T

U
I-

BE
N

 T
ec

hn
ol

og
y 

U
sa

ge
 In

ve
nt

or
y,

 V
AS

-A
 V

is
ua

l A
na

lo
g 

Sc
al

a 
fo

r A
nx

ie
ty

a  C
al

cu
la

te
d 

m
ea

n 
by

 a
ut

ho
rs

 o
f t

hi
s s

tu
dy

 si
nc

e 
th

e 
stu

dy
 it

se
lf 

on
ly

 p
ro

vi
de

 m
ea

ns
 d

iv
id

ed
 b

y 
ex

pe
rim

en
ta

l g
ro

up
s

b  St
ud

ie
s u

se
d 

th
e 

te
rm

 G
SR

 (g
al

va
ni

c 
sk

in
 re

sp
on

se
) i

ns
te

ad
 o

f t
he

 c
ur

re
nt

ly
 u

se
d 

te
rm

 E
D

A
 (e

le
ct

ro
de

rm
al

 a
ct

iv
ity

)



10 Applied Psychophysiology and Biofeedback (2022) 47:1–15

1 3

participants had to alter their physiological state in order 
to affect campfires, lamps, waterfalls or waves (n = 5), to 
change the weather (n = 6), or the color palette of the envi-
ronment (n = 4), or to eliminate obstacles in the way (n = 2). 
Some used correctly performed BF as vehicle of movement 
through the VR (n = 3), and some presented just an anima-
tion like a flattening curve, a scale changing circle or a lung 
(n = 3). Only n = 2 studies also reported using audio output, 
and only one of them additionally changed the soundscape 
based on the physiological state. Eight studies used HR 
(n = 4) or HRV (n = 3) as the main BF parameter, followed 
by breathing (n = 5), and electrodermal activity (n = 2).

Primary and Secondary Outcomes

A considerable number of studies (n = 8) targeted anxiety 
or GAD as primary outcomes. The authors consistently 

reported a significant anxiety-reducing effect of VR-BF 
compared to baseline. Stress reduction was evaluated in n = 6 
studies; of those, five reported a significant effect compared 
to base level, and one found no treatment-specific differences 
in subjective stress or physiological arousal compared to 
controls (BF on a computer screen, and VR without BF). 
Furthermore, n = 3 reported a decrease in pain when com-
pared to baseline or to treatment as usual (TAU) without VR 
or BF. Other findings regarding primary outcomes were a 
significantly improved quality of life (n = 1) and coping skills 
(n = 1), a non-significant reduction in disruptive classroom 
behavior (n = 1), and no changes in self-reported and physi-
ological arousal compared to placebo (n = 1), as well as in 
positive/negative affect compared to baseline (n = 1).

Regarding secondary outcomes, n = 13 studies focused 
on user experience or involvement. Findings showed a 
higher sense of presence (n = 1), a significantly better 

Fig. 1  PRISMA flowchart of 
screening, exclusion, and inclu-
sion criteria

Addi�onal records iden�fied through 
other sources

n = 0

Records a�er duplicates removed

n = 632

Full texts screened for 
eligibility

n = 70

Full text records excluded

n = 53

• Off-topic (n = 26)
• Neurofeedback (n = 4)
• Motor control as outcome (n = 2)
• No empirical study (n = 18)
• Wrong language (n = 3)

Studies included in the review 
n = 18

Records iden�fied through 
database search

n = 1028

 (PsycINFO = 74
Scopus = 544

Medline = 239
Cinhal = 90

Google Scholar = 81)

Records screened

n = 632

Records excluded

n = 562

Texts added through 
google scholar alerts

n = 1
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training experience such as relaxed and stable respiration 
and sustained attention (n = 2), and higher motivation to use 
VR-BF (n = 1) in the experimental groups than in classical 
BF settings carried out on a desktop PC. Furthermore, an 
increased attentional focus on the present moment and less 
incidents of mind wandering (n = 1), and higher levels of 
flow (n = 1) were found when compared to traditional BF. 
Studies also reported high levels of personal gratification 
(n = 1), and high involvement in the application (n = 1). 
VR-BF was also rated as more sympathetic and helpful than 
a classical BF condition (n = 1). Detrimental outcomes were 
rarely reported. Only one study assessed simulator sickness 
and another one signs of nausea while performing the VR 
intervention: Rockstroh et al. (2021) reported low values 
for simulation sickness (M = 1.40, SD = 0.40, Likert scale 
from 1 to 5), Van Rooij et al. (2016) reported that 86% of 
participants did not show any signs of nausea, yet the authors 
do not discuss the remaining 14% that did. Prabhu et al. 
(2019) reported excluding a priori participants with simula-
tion sickness, and four studies reported excluding patients 
with neurological diseases, migraine, headache, or vestibular 
abnormalities (Gaggioli et al., 2014; Gorini et al., 2010; Pal-
lavicini et al., 2009; Repetto et al., 2011). Other detrimental 
outcomes did not find mention in any of the studies.

Discussion

This scoping review aimed to establish the state of research 
regarding a novel form of BF, i.e., the integration of VR in 
traditional BF protocols. The main objective was to provide 
an overview over study design, samples, used soft- and hard-
ware, and outcomes.

Overall, 18 studies were included in the current scoping 
review, most of which were published in the last five years. 
This rise in interest may be explained by the acceleration 
in the development of VR technology which followed the 
launch of the affordable Oculus Rift HMD in 2013. The 
rapid growth of the VR market since then (Chang & Chen, 
2017) has resulted in a broader variety not only of provid-
ers but also of cheaper VR soft- and hardware (Hodgson 
et al., 2015). Big game engine companies like Epic Games 
or Unity Technologies have expanded their gaming engines 
with tools to design environments directly for VR, thus mak-
ing it easier to program inexpensive, high-quality VR appli-
cations. Accordingly, most studies included in this review 
applied of high-end, usable, and comfortable to wear HMDs 
like Oculus Rift or HTC Vive that provide a 100-to-110-de-
gree diagonal FoV immersion instead of more conservative 
alternatives like the VUZIX Eyewear (30-to-40-degree) or 
the DeepStream stereoscopic viewer (85 degree).

Most studies originated from one of three countries: Italy, 
Germany, or The Netherlands. While research from Italy, 

namely the EU-funded INTREPID (Gorini et al., 2010; 
Pallavicini et al., 2009; Repetto et al., 2011) and INTER-
STRESS (Gagglioni et al., 2014) projects performed ground 
work in the field, new research mostly emerges out of one 
research group located in Freiburg, Germany (Blum et al., 
2019; Rockstroh et  al., 2019, 2020, 2021) and several 
research groups in The Netherlands (Bossenbroek et al., 
2020; Hendriks & Rombout, 2018; Maarsingh et al., 2019; 
Van Rooij et al., 2016).

The studies included in this review primarily targeted 
anxiety, stress, and pain as their main outcomes. Results 
indicate that VR-BF successfully reduces anxiety, stress and 
pain compared to baseline. When compared to classical BF, 
VR-BF was equally effective in reducing stress (Blum et al., 
2019; Rockstroh et al., 2019, 2020) and anxiety (Gagglioni 
et al., 2014; Gorini et al., 2010; Repetto et al., 2011). With 
regards to pain reduction, VR-BF seems to be even more 
effective than traditional BF (Tong et al., 2015), yet, with 
just thirteen participants in total, the generalizability of this 
study’s finding is limited. Moreover, one study (Tinga et al., 
2019) found a higher reduction in arousal in a control group 
using only VR (a moving cloud automatically simulating 
breath) and no BF compared to a VR-BF group (moving 
cloud controlled by participant’s respiration), raising the 
additional question of the necessity of BF in relaxation 
interventions.

While at this point there is no unambiguous evidence 
that VR-BF is more effective than classical BF, the current 
review indicates that VR based BF protocols have advan-
tages over traditional ones when it comes to motivation, user 
experience and involvement. Results show a better train-
ing experience, a high motivation to use VR-BF, as well as 
strong involvement, better focused and sustained attention, 
and high levels of flow. Similarly, in the reviewed studies, 
personal gratification was elevated, and the technology was 
found to be sympathetic and helpful. In light of these encour-
aging findings, one may cautiously conclude that combining 
VR with BF may support particularly those factors which 
– according to the psychoengineering model (Gaume et al., 
2016) – are key to feedback learning and thus, to the suc-
cess of BF.

However, the role of gamification in increasing motiva-
tion remains unclear. Most studies in this review used sin-
gle task exercises and only two studies applied an elaborate 
gamification approach: Houzangbe et al. (2020) placed the 
participants in a sequence of adjoining futuristic laboratory 
rooms, with the subsequent rooms opening up after room-
specific BF exercises had been solved (e.g., regulating their 
HR to shoot a weapon). Similarly, in “Stressjam”, the exer-
cises were embedded in a cohesive story line in which the 
participants had to prevent an island from being destroyed by 
a volcano (Maarsingh et al., 2019). Both studies, however, 
lacked a control group and tested their prototype in no more 
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than three sessions, precluding generalizations and conclu-
sions with regards to long-term treatment effects.

Overall, not only gamification elements, but also the 
VE itself may influence motivation. The interactive nature 
of fully immersive VEs has been found to be particularly 
engaging and add to a rewarding user experience (Tcha-
Tokey et al., 2018). Above all, however, the advantage of 
using VR in combination with BF seems to lie in the posi-
tive impact it has on attention: The increase in focused and 
sustained attention, and the decrease in mind-wandering 
incidents, as well as experiences of flow (Csikszentmiha-
lyi & Csikzentmihaly, 1990) may all be attributable to the 
immersiveness of the technology which shields from dis-
tractions (Slater & Wilbur, 1997). Furthermore, according 
to the Attention Restoration Theory (Kaplan, 1995), nature 
environments – such as those which were used in most stud-
ies – facilitate replenishing attentional resources. Despite 
these positive results, some authors (Yu et al., 2018) argue 
that interactive immersive VEs coupled with BF displays 
may require even more (attentional) effort to engage in the 
feedback learning process. Hence, the exact relationship 
between VR-BF and cognitive remains to be established.

Overall, the positive effects of VR do not seem to trans-
late into an advantage of VR-BF over classical BF in terms 
of effectiveness. One answer may be that the motivational 
aspects only come into play after several sessions. At the 
beginning, classical BF as well as VR-BF may both profit 
of the novelty effect, but over time the abstract, “boring” 
(Gaume et al., 2016) traditional BF tasks may make it dif-
ficult keep up attention and motivation. This assumption is 
supported by the fact that those studies which compared 
VR-BF with a classical intervention over several sessions 
also found a higher decrease in HR and EDA (Pallavicini 
et al., 2009; Repetto et al., 2011) and stress (Tu et al., 2020) 
and a higher increase in coping skills (Gagglioni et al., 2014) 
in the VR-BF condition. Similarly, trials with more than 
three sessions were accompanied by a more positive train-
ing experience (Tu et al., 2020), high involvement (Maars-
ingh et al., 2019) and a higher feeling of flow and sympathy 
(Kojic et al., 2019). However, nine studies in this review 
performed BF only once. Hence, the impact of repeated VR 
based BF training on long-term motivation and ultimately 
on treatment outcomes remains to be evaluated.

The majority of participants in this review were adults. 
This is noteworthy, since children and adolescents may par-
ticularly benefit from innovative BF protocols which use 
gamification and VR to increase involvement and motivation 
(see Fadhli et al., 2020). While adults may succeed with a 
goal orientation (e.g., pain relief), children are even more 
dependent on an intervention which facilitates intrinsic moti-
vation (Kanfer, 1990). Generally, the use of VR in underage 
samples particularly for therapeutic interventions is still in 
its infancy (Kothgassner & Felnhofer, 2021). Thus, future 

research is encouraged to increasingly consider children and 
adolescents as possible target groups for VR-BF.

Apart from minors, clinical samples are also worth inves-
tigating. It was surprising to find that most studies (n = 9) in 
this review focused exclusively on healthy participants. Only 
GAD (Gorini et al., 2010; Pallavicini et al., 2009; Repetto 
et al., 2011) and chronic pain (Prabhu et al., 2019; Tong 
et al., 2015) patients were treated in more than one study. 
Rather innovative indications such as with ADHD or ASD 
patients (Bossenbroek et al., 2020) show promising improve-
ments with VR-BF. However, VR-BF interventions in these 
samples primarily focused on stress regulation and relaxa-
tion rather than on alleviating symptoms specific to ADHD 
and ASD such as attention deficits, impulsivity and hyper-
activity, or social deficits and restrictive behaviors. This is 
in line with the assumption, that BF training may be more 
useful as an adjuvant therapy rather than a first line treat-
ment for some disorders.

Limitations

The present review has several limitations which are com-
mon for scoping reviews. First, we did not perform a quan-
titative data synthesis, as our research question was broad 
in scope and the quality of most included papers was rather 
low, with only nine papers reporting RCTs. Hence, future 
systematic reviews and meta-analyses should pursue a 
much narrower research question than the one posed for this 
review. Also, we could not derive any conclusions regard-
ing possible contraindications to VR-BF. Even though VR 
constitutes a promising technology, it may, in some cases, 
induce cybersickness (i.e., nausea, headache, tiredness or 
discomfort, (Mehrfard et al., 2019). Hence, patients with 
epilepsy, monocular vision, or vestibular impairments are 
not suitable for inclusion in VR based treatments. All studies 
stated that they had excluded participants with the above-
mentioned impairments, but no study raised additional 
impairments or reported on incidents of cybersickness. Simi-
larly, none of the studies discussed the issue of body position 
and movements during training: Since VR is mostly used 
in a standing position, this could cause artifacts in physi-
ological signals. Overall, a more thorough documentation 
in future research is necessary.

Conclusion

Recent years have brought forward research on VR-BF inter-
ventions aimed at treating anxiety, stress, and chronic pain. 
HMDs have superseded alternate, less functional VE solu-
tions such as smartphones or heavy, unwieldy apparatuses 
like the stereoscopic viewers. Despite these developments, 
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the field may still be regarded as new. Further RCTs with 
representative samples and higher training frequency are 
necessary to establish whether VR-BF is superior to clas-
sical BF.

Also, further research is needed to assess the specific 
impact of VR and gamification on motivation, attention, 
and user experience. This would help establish if the use 
of BF protocols based on gaming mechanisms constitute 
an advantage over more traditional protocols, particularly 
in those target groups that are considered hard to motivate 
such as children and adolescents (see Fadhli et al., 2020). 
Finally, ecologically valid VEs promise to facilitate the 
transfer learnt skills to real-world settings (Kothgassner & 
Felnhofer, 2020). None of the studies included in this review 
assessed whether the newly acquired abilities were trans-
ferred to everyday life. Focusing on this aspect would help 
future research determine whether the use of VR has added 
benefit compared to traditional BF protocols or whether it 
is better suited as a complementary therapy.
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