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Abstract: Anxiety disorders are characterized by exaggerated responses to a threatening situation and overgeneralization. Context condi-
tioning has been used for the identification of risk factors. This systematic literature search identifies 16 articles published between 1990
and 2021 on differential anxiety conditioning and generalization in humans. Additionally, we provide example data for individuals suffering
from panic attacks with and without depressive symptoms. Successful anxiety acquisition (discrimination between anxiety and safety
context) was found on the subjective level of anxiety and US-expectancy, on the physiological level of electrodermal activity, and in the
defensive behavior of startle response. Anxiety generalization (discrimination between generalization and safety context) was found on the
verbal but not on the physiobehavioral level. In sum, we emphasize the impact of virtual reality on anxiety research. Verbal and physiobe-
havioral responses serve as reliable biomarkers for anxiety. Few studies found ratings to be the best predictor for anxiety generalization.
Genetic predisposition or personality traits might foster overgeneralization.
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Biomarker für den Erwerb und die Verallgemeinerung von Ängsten in Experimenten mit virtueller Realität

Zusammenfassung: Angststörungen kennzeichnen übermäßige Reaktionen auf eine bedrohliche Situation und Übergeneralisierung. Zur
Identifizierung von Risikofaktoren zur Entwicklung von Angststörungen wird Kontextkonditionierung angewendet. In dieser systematischen
Literaturrecherche identifizieren wir 16 Artikel, die zwischen 1990 und 2021 zur differenziellen Angstkonditionierung und -generalisierung
beim Menschen veröffentlicht wurden. Zusätzlich zeigen wir Beispieldaten von Personen, die an Panikattacken mit und ohne depressive
Symptome leiden. Erfolgreiche Angstakquisition (Unterscheidung zwischen Angst- und Sicherheitskontext) wurde auf der subjektiven Ebene
der Angst und der US-Erwartung, auf der physiologischen Ebene der elektrodermalen Aktivität und in defensivem Verhalten bei der
Schreckreaktion festgestellt. Angstgeneralisierung (Unterscheidung zwischen Generalisierungs- und Sicherheitskontext) wurde auf verba-
ler, aber nicht auf physio-behavioraler Ebene gezeigt. Insgesamt betonen die Ergebnisse den Nutzen der Virtuellen Realität bei der Erfor-
schung von Angst. Verbale und körperlich-verhaltensbezogene Reaktionen dienen als zuverlässige Biomarker für Angst. Nur wenige Studien
fanden Ratings als besten Prädiktor für die Generalisierung von Angst. Genetische Veranlagung oder Persönlichkeitsmerkmale könnten eine
Übergeneralisierung begünstigen.

Schlüsselwörter: virtuelle Realität, Konditionierung, Kontext, Furcht und Angst, Generalisierung

Anxiety disorders affect up to 33.7% of the population
(Bandelow & Michaelis, 2015) and belong to the most fre-
quent mental disorders (Kessler et al., 1994). Anxiety dis-
orders implicate various disorders, some of which are
associated either with fear or anxiety and others share
symptoms of both (Grillon, 2008). Fear is a phasic re-
sponse to a distinct threatening stimulus which, when ex-
aggerated, is the core symptom of specific phobias (Davis
et al., 2010; Mineka & Oehlberg, 2008). In contrast, anx-
iety is a sustained response elicited by an unpredictable

threat in a potentially dangerous context (Grillon, 2008).
Exaggerated anxiety responses are associated, for exam-
ple, with generalized anxiety disorder (GAD) and panic
disorder (PD; Bandelow & Michaelis, 2015; Bouton et al.,
2001; Richter et al., 2012). These anxiety disorders share
impaired safety learning (Jovanovic et al., 2012; Lissek
et al., 2005) and the consequent overgeneralization of
fear and anxiety responses (Dymond et al., 2015; Lissek
et al., 2014).
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One common behavior in anxiety patients is the avoid-
ance of the threatening stimulus (Pittig et al., 2018). Pa-
tients report excessively high subjective fear or anxiety
and exaggerated physiological and neural responses to a
perceived threatening stimulus, situation, or context (for a
review, see Craske et al., 2009). Exposure-based therapy
is an effective treatment option for anxiety disorder pa-
tients (Norton & Price, 2007), where patients are repeat-
edly exposed to the feared stimulus or the anxiety-evok-
ing context. During the intervention, patients with panic
disorder, for instance, may be exposed to the stimuli they
are concerned about and learn in multiple ways that their
worst expectations are not met (Craske & Barlow, 2014;
Pompoli et al., 2018; Sánchez-Meca et al., 2010). The
newly learned association of the stimulus without any ex-
pected negative consequence inhibits the formerly creat-
ed fear or anxiety memory and results in less fear or anx-
iety symptoms (Craske et al., 2014). However, in vivo ex-
posure therapy has a high refusal rate (Garcia-Palacios
et al., 2007; Wilson et al., 2008) and can be extremely
intense, complex, impractical, and time-consuming (see
Maples-Keller et al., 2017). In addition, some patients – for
example, up to 27% of PD patients (see Arch & Craske,
2009) – fail to respond to exposure therapy treatment
(Craske et al., 2014; Minnen et al., 2002). The high co-
morbidity of anxiety disorders with other mental disor-
ders strengthens the requirement for an adequate experi-
mental model. PD, for instance, highly coincides with
major depression disorder (MDD; Beesdo et al., 2010;
Horwitz, 2010). Although PD patients showed potentiated
startle responses in a threat of shock experiment, having
comorbid MDD attenuated startle responses (Melzig
et al., 2007). Because of the therapy interruption, the lack
of response, and the return of fear and anxiety symptoms,
the research aims to individuate the underlying mecha-
nisms and implement this knowledge in the therapy of
anxiety disorders to increase the patients’ acceptance and
responsiveness.

Both emotional constructs, fear and anxiety, are essen-
tial for the survival of an organism. A clearly identifiable,
imminent threatening stimulus elicits a phasic fear re-
sponse using a specific signal (Grillon, 2008). This in-
cludes activity in the central amygdala (Alvarez et al.,
2008; LeDoux, 2000), phasic body reactions for the
preparation for fight or flight such as increased physio-
logical arousal, potentiated defensive reflexes, and nar-
rowed attention (Blanchard et al., 1993; Carlsson et al.,
2006; Grillon, 2008; Koch, 1999; Mowrer & Aiken, 1954;
Vuilleumier, 2005). In contrast, a threatening and poten-
tially dangerous context elicits anxiety (Grillon, 2008)
mediated by the hippocampus (Alvarez et al., 2008; An-
dreatta et al., 2015a; Hasler et al., 2007; Marschner et al.,
2008), and the so-called extended amygdala, i. e., the bed

nucleus of stria terminalis (BNST, Alvarez et al., 2011;
Davis & Shi, 1999; Davis et al., 2010; Sullivan et al., 2004;
Walker et al., 2003). During the expectation of a future
and unpredictable threat, the overall sensory sensitivity is
strongly increased (Baas et al., 2004), accompanied by a
feeling of insecurity, helplessness (Grillon, 2002, 2008),
an increased stress level, and the need of safety becomes
frantic (Seligman, 1968; Seligman & Binik, 1977). In the
laboratory, fear and anxiety in humans can be assessed on
multiple affective levels involving behavioral, subjective,
and physiological responses (Lang, 1995). Avoidance be-
havior can be assessed by asking participants to approach
a stimulus or context previously associated with threat or
safety (Glotzbach et al., 2012). The declarative memory of
the threat and its association with a cue or a context (i. e.,
contingency) can be assessed by ratings (Boddez et al.,
2013). In parallel, measures like the valence-dependent
startle response represent the defensive behavior of an
organism (Vrana et al., 1988). The arousal-dependent
electrodermal activity (Glotzbach-Schoon et al., 2013a;
Glotzbach-Schoon et al., 2015) indicates psychophysio-
logical responses to a threatening cue or context. These
highly developed responses of fear and anxiety to threats
are crucial for the survival of an organism. However,
the maladaptation of such emotional systems may cause
strong suffering in individuals and the development of
pathological symptoms.

Those associative learning mechanisms and their un-
derlying processes are investigated in the laboratory by
constructing conditioning experiments. Initially, associa-
tive fear and classical fear conditioning were investigated
by Watson and Rayner (1920). It generally starts with a
neutral stimulus (NS), which is repeatedly paired with an
aversive unconditioned stimulus (US). After a few pairings
(also called the acquisition of the fear response), the for-
merly NS becomes the conditioned stimulus (CS) as its
presentation alone elicits the conditioned response (CR).
In human differential fear conditioning studies, one stim-
ulus (a threat cue, CS+) is paired with the US, whereas
another stimulus (a safety cue, CS‐) is never paired with
the US (for a review, see Lonsdorf et al., 2017). The con-
ditioned stimuli are presented again during subsequent
extinction but without the US. In this case, a new memory
trace is built, namely, the association of the CS+ without
US (for a review, see Hermans et al., 2006). Both acqui-
sition and extinction memories co-exist and may com-
pete. The context seems to disentangle such competition
and to determine which memory trace an individual ex-
presses (Bouton, 2002, 2004; Milad et al., 2005). Patients
who suffer from specific phobia show such associative
learning with an extremely strong fear memory. For ins-
tance, spider phobic patients might consider a spider cue
a highly threat-associated CS and subsequently show ex-
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aggerated fear responses. In a laboratory setting, cue
conditioning serves as a model to investigate the acquisi-
tion and extinction processes of those specific threatening
stimuli, and it allows conclusions from associative learn-
ing in healthy individuals to clinical samples. Among oth-
er brain regions, the amygdala is strongly activated in
patients suffering from a specific phobia when a fear-rel-
evant stimulus is presented (Straube et al., 2005), paral-
leling the strong startle potentiation to phobic material
(Lang et al., 2000).

Thus, we need another model for anxiety disorders to
mimic the diffuse state of anxiety and elicit a sustained
fear response to unpredictable threats such as a panic at-
tack. One model is context conditioning (Grillon, 2008).
In human differential context conditioning, a context
(anxiety context, CTX+) is paired with an unpredictable,
aversive US, whereas another context (safety context,
CTX–) is never presented with the US (Baas et al., 2004;
Glotzbach-Schoon et al., 2013a). During this associative
learning process, the hippocampus integrates the infor-
mation of multiple single cues into one contextual repre-
sentation (Fanselow, 1990; Nadel & Willner, 1980). Simi-
larly, as in fear, anxiety responses in such paradigms can
be assessed on various levels of behavior, subjective, and
physiological level (Glotzbach-Schoon et al., 2013a). One
challenge is the operationalization of the presentation of
highly controlled contextual stimuli that are ecologically
valid. Some studies presented a background color or a
picture on a computer screen for several seconds (Armony
& Dolan, 2001; Lonsdorf et al., 2014; Pohlack et al.,
2012). The presentation of contexts in virtual reality (VR)
can even increase the ecological validity, and VR can be
adapted for exposure-based therapy (Baas et al., 2004;
Gromer et al., 2019). Patients with anxiety disorders as
well as healthy and anxious individuals tend to overgen-
eralize their fear and anxiety (Sep et al., 2019). Several
studies investigating fear generalization found higher
generalization of the fear responses, for instance, poten-
tiated startle responses and stronger US expectancy rat-
ings for stimuli that were similar to CS+, in high-anxious
compared to low-anxious participants (Baumann et al.,
2017; Dunsmoor & Paz, 2015; Dymond et al., 2015; Lissek
et al., 2008b, 2014). These studies use a generalization
gradient to characterize the degree of generalization
(Kaczkurkin et al., 2017). In short, the less a stimulus
resembles CS+, the smaller the fear response. In other
words, the generalization gradient gradually decreases
with decreasing similarity of a stimulus with CS+ (Lissek
et al., 2008a). Linear trends indicate stronger fear gen-
eralization than quadratic trends and steeper gradients
(Lissek et al., 2014).

While many studies have already focused on fear gen-
eralization, anxiety generalization has been less investi-

gated. However, the inability of safety learning in PD pa-
tients (Lissek et al., 2009) and in GAD patients (Lissek
et al., 2014) also fosters overgeneralization. Anxiety con-
ditioning paradigms using VR technology are extremely
promising because of high experimental control in an ex-
traordinary ecological valid context (Glotzbach-Schoon
et al., 2013a; Sanchez-Vives & Slater, 2005). After the ac-
quisition of conditioned anxiety, a third context, which is
the exact mixture of the anxiety and the safety context, is
presented and anxiety generalization is assessed (An-
dreatta et al., 2015b, 2017, 2019). VR allows for various
generalization contexts with any overlap with the anxiety
context to assess a generalization gradient similar to the
more established work on fear generalization (e.g., Lissek
et al., 2014). Therefore, anxiety conditioning paradigms
using VR enable the investigation of underlying mecha-
nisms and driving factors of pathological anxiety, on the
one hand, and the generalization of anxiety contexts, on
the other hand. Understanding the driving factors for im-
paired safety learning and overgeneralization in contex-
tual anxiety might help improve exposure-based therapy.

Goals of This Review
To date, several biomarkers for the development of
pathological anxiety and generalization have been inves-
tigated in genetics as well as on the behavioral, physio-
logical, and subjective levels. In this review, we systemat-
ically identify the biomarkers for anxiety acquisition and
anxiety generalization which can be used to improve ex-
posure-based therapy in VR in clinical populations. Con-
sidering that the findings of the reviewed studies mainly
focused on healthy individuals, we additionally provide
subclinical example data of anxiety generalization in par-
ticipants suffering from panic attacks with or without co-
morbid high depression scores to test whether the identi-
fied biomarkers are supported in a subclinical population.

Methods

The systematic literature search was conducted according
to PRISMA guidelines (Moher et al., 2009; Moher et al.,
2015). The search was carried out on the Web of Science.
We considered articles published between 1990 and
21 April 2021 and written in English.

The terms for the search included: (“virtual reality” OR
“VR” OR “virtual” OR “virtual environment” OR “virtual
reality environment”) AND (“classical conditioning” OR
“fear conditioning” OR “context conditioning” OR “as-
sociative learning” OR “sustained fear” OR “contextual
fear” OR “contextual fear conditioning” OR “conditioned
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anxiety” OR “NPU” OR “anxiety extinction” OR “anxiety
generalization” OR “generalization processes”).

The search on the Web of Science returned 132 articles,
which were screened based on their abstract (see Fig-
ure 1). To be considered in this systematic review, the
studies had to meet the following criteria: (1) being con-
ducted in humans; (2) having used VR; (3) presenting an
aversive learning protocol, meaning that the US was an
aversive or threatening event; (4) not being a fear or cue
conditioning protocols; and (5) not being a review.

Sixty-four articles remained eligible and were read to
screen them further. After this screening, 15 records were
declared eligible, but we decided to exclude one study
(Stolz et al., 2019) because the duration of the context was
rather short. Finally, we manually included two additional
studies (Andreatta et al., 2015b; Molet et al., 2013) as they
used long-lasting virtual stimuli but had not been recog-
nized by the automatic search. Altogether, we considered
16 articles (see Figure 1). Table 1 indicates the experi-
mental settings of the studies.

Example Data

Our example data consisted of 42 participants (Table 2)
who reported at least one panic attack (PA) in the last
2 weeks as reported in the Panic Frequency Scale (PFS,
included in the Comprehensive Panic Profile; Clum et al.,

1995). Participants were recruited via advertisements in
local journals. Seventeen participants scored 20 or higher
on the Becks Depression Inventory (BDI-II, Hautzinger
et al., 2006) and were assigned to the severe depressive
symptoms group, and 25 participants scored lower than
20 and were assigned to the minimal/moderate depres-
sive symptoms group. Participants completed the Com-
prehensive Panic Profile (Clum et al., 1990) including
the subscales Avoidance Questionnaire (AQ), Panic At-
tack Cognitions Questionnaire (PACQ), and Panic Attack
Symptoms Questionnaire (PASQ). Additionally, they filled
in the State Trait Anxiety Inventory (STAI, Laux et al.,
1981), the Anxiety Sensitivity Inventory (ASI, Alpers
and Pauli, 2001), and the Igroup Presence Questionnaire
(IPQ, Schubert et al., 2001). All participants underwent an
anxiety conditioning procedure in virtual reality. There-
by, they perceived unpredictable, mildly painful electric
stimuli on the inner forearm when guided through one
(anxiety context) but not another context (safety context).
In a subsequent generalization test phase, participants
were additionally guided through a third context (gener-
alization context), which was the exact mix of the anxiety
and the safety context. Anxiety and US expectancy ratings
were assessed on a 100-point visual analog scale ranging
from 0 (no anxious, no association) to 100 (very anxious,
perfect association). Startle responses were assessed in all
contexts and in the corridor (ITI), which connected all
contexts. After data preprocessing (see Blumenthal et al.,
2005), we calculated the difference raw scores from the

Figure 1. Schematic overview of the
selection process.

H. Genheimer et al., Biomarkers of Anxiety Acquisition and Generalization in Virtual Reality Experiments 209

© 2022 The Author(s). Distributed as a Zeitschrift für Klinische Psychologie und Psychotherapie (2022), 51 (3-4), 206–222
Hogrefe OpenMind article under the license
CC BY-NC 4.0 (https://creativecommons.org/licenses/by-nc/4.0)

 h
ttp

s:
//e

co
nt

en
t.h

og
re

fe
.c

om
/d

oi
/p

df
/1

0.
10

26
/1

61
6-

34
43

/a
00

06
58

 -
 W

ed
ne

sd
ay

, M
ay

 0
8,

 2
02

4 
5:

07
:3

4 
A

M
 -

 I
P 

A
dd

re
ss

:3
.1

45
.1

15
.1

95
 

https://creativecommons.org/licenses/by-nc/4.0
https://creativecommons.org/licenses/by-nc/4.0
https://creativecommons.org/licenses/by-nc/4.0
https://creativecommons.org/licenses/by-nc/4.0
https://creativecommons.org/licenses/by-nc/4.0
https://creativecommons.org/licenses/by-nc/4.0
https://creativecommons.org/licenses/by-nc/4.0
https://creativecommons.org/licenses/by-nc/4.0


Ta
bl
e
1.

E
xp

er
im

en
ta
l
se

tt
in
gs

of
th
e
co

nt
ex
t
co

nd
it
io
ni
ng

st
ud

ie
s
in

ch
ro
no

lo
gi
ca

l
or
de

r.
B
ot
h
G
lo
tz
ba

ch
-S

ch
oo

n
et

al
.
(2
01

2)
an

d
M
ol
et

et
al
.
(2
01

3)
re
po

rt
ed

tw
o
st
ud

ie
s
(S
)
us

in
g
th
e
sa

m
e

ex
pe

ri
m
en

ta
ls

et
ti
ng

s.
Th

e
sa

m
pl
es

of
al
ls

tu
di
es

co
ns

is
te
d
of

he
al
th
y
in
di
vi
du

al
s,

bu
t
so

m
e
st
ud

ie
s
ad

di
ti
on

al
ly
in
ve
st
ig
at
ed

in
te
ri
nd

iv
id
ua

ld
if
fe
re
nc

es
su

ch
as

tr
ai
t
an

xi
et
y,
an

xi
et
y
se

ns
it
iv
it
y,
or

an
xi
et
y-
re
la
te
d
po

ly
m
or
ph

is
m
s.

R
ef
er
en

ce
S
am

p
le

si
ze

In
te
ri
nd

iv
id
ua

l
d
if
fe
re
nc

es
C
TX

ty
p
e

C
TX

d
ur
at
io
n

U
S
ty
p
e

U
S

d
ur
at
io
n

U
S
-C

TX
co

nt
in
ge

nc
y

C
TX

–
U
S
in
st
ru
ct
io
ns

S
ta
rt
le

p
ro
b
e

A
lv
ar
ez

et
al
.(
20

08
),
J
N
eu

ro
sc
i

13
(6

♀
)

H
ou

se
an

d
ai
rp
or
t

28
s

E
le
ct
ri
c
st
im

ul
at
io
n

20
0
m
s

10
0
%

U
S
w
ill

be
de

liv
er
ed

,w
it
ho

ut
sp

ec
if
yi
ng

it
s
as

so
ci
at
io
n

w
it
h
a
co

nt
ex
t

N
/A

G
lo
tz
ba

ch
et

al
.(
20

12
),
C
og

n
E
m

S
1:

21
(1
5
♀
)

S
2:

20
(1
1
♀
)

O
ff
ic
es

60
s

E
le
ct
ri
c
st
im

ul
at
io
n

20
0
m
s

10
0
%

U
S
w
ill

be
de

liv
er
ed

,w
it
ho

ut
sp

ec
if
yi
ng

it
s
as

so
ci
at
io
n

w
it
h
a
co

nt
ex
t

N
/A

Tr
ög

er
et

al
.(
20

12
),
J
N
eu

ra
lT

ra
sm

40
(3
0
♀
)

O
ff
ic
es

85
s

E
le
ct
ri
c
st
im

ul
at
io
n

20
0
m
s

10
0
%

To
pa

y
at
te
nt
io
n
in

or
de

r
to

di
sc

ov
er

an
as

so
ci
at
io
n
be

-
tw

ee
n
th
e
st
im

ul
i

W
hi
te

no
is
e

(1
03

dB
,5

0
m
s)

G
lo
tz
ba

ch
-S

ch
oo

n
et

al
.(
20

13
),

Fr
on

t
B
eh

av
N
eu

ro
sc
i

80
(4
9
♀
)

G
en

ot
yp

ed
fo
r

5H
TT

LP
R
an

d
N
P
S
R
1

O
ff
ic
es

60
s

E
le
ct
ri
c
st
im

ul
at
io
n

20
0
m
s

10
0
%

To
pa

y
at
te
nt
io
n
in

or
de

r
to

di
sc

ov
er

an
as

so
ci
at
io
n
be

-
tw

ee
n
th
e
st
im

ul
i

W
hi
te

no
is
e

(1
03

dB
,5

0
m
s)

G
lo
tz
ba

ch
-S

ch
oo

n
et

al
.(
20

13
),

B
io
lP

sy
ch

49
(3
1
♀
)

Tr
ai
t
an

xi
et
y

O
ff
ic
es

85
s

E
le
ct
ri
c
st
im

ul
at
io
n

20
0
m
s

10
0
%

N
/A

W
hi
te

no
is
e

(9
8
dB

,5
0
m
s)

M
ol
et

et
al
.(
20

13
),
B
eh

av
P
ro
c

S
1:

16
(8

♀
)

S
2:

16
(8

♀
)

H
ou

se
s

12
0
s

M
us

ic
(d
is
so

na
nt

ve
rs
io
n

of
th
e
“A

Li
tt
le

N
ig
ht

M
u-

si
c”

by
M
oz

ar
t)

N
/A

N
/A

N
/A

N
/A

A
nd

re
at
ta

et
al
.(
20

15
),
C
or
te
x

24
(1
3
♀
)

O
ff
ic
es

30
s

E
le
ct
ri
c
st
im

ul
at
io
n

20
0
m
s

66
.7
%

N
/A

N
/A

A
nd

re
at
ta

et
al
.(
20

15
),
B
eh

av
Th

er
32

(1
7
♀
)

O
ff
ic
es

90
s

E
le
ct
ri
c
st
im

ul
at
io
n

20
0
m
s

10
0
%

To
pa

y
at
te
nt
io
n
in

or
de

r
to

di
sc

ov
er

an
as

so
ci
at
io
n
be

-
tw

ee
n
th
e
st
im

ul
i

W
hi
te

no
is
e

(1
03

dB
,5

0
m
s)

G
lo
tz
ba

ch
-S

ch
oo

n
et

al
.(
20

15
),

In
t
J
P
sy
ch

op
hy

42
(2
2
♀
)

O
ff
ic
es

85
s

E
le
ct
ri
c
st
im

ul
at
io
n

20
0
m
s

10
0
%

To
pa

y
at
te
nt
io
n
in

or
de

r
to

di
sc

ov
er

an
as

so
ci
at
io
n
be

-
tw

ee
n
th
e
st
im

ul
i

W
hi
te

no
is
e

(9
8
dB

,5
0
m
s)

A
nd

re
at
ta

et
al
.(
20

17
),
Le

ar
n
M
em

83
(4
2
♀
)

O
ff
ic
es

12
5
s

E
le
ct
ri
c
st
im

ul
at
io
n

20
0
m
s

10
0
%

U
S
w
ill

be
de

liv
er
ed

,w
it
ho

ut
sp

ec
if
yi
ng

it
s
as

so
ci
at
io
n

w
it
h
a
co

nt
ex
t

W
hi
te

no
is
e

(1
03

dB
,5

0
m
s)

G
en

he
im

er
et

al
,(
20

17
),
S
ci

R
ep

75
(4
1
♀
)

O
ff
ic
es

30
s

E
le
ct
ri
c
st
im

ul
at
io
n

20
0
m
s

80
%

N
/A

W
hi
te

no
is
e

(1
03

dB
,5

0
m
s)

K
ro
es

et
al
.(
20

17
),
S
ci

R
ep

22
(1
0
♀
)

Ye
llo

w
liv
in
g

ro
om

,b
lu
e

di
ni
ng

ro
om

30
s

E
le
ct
ri
c
st
im

ul
at
io
n

20
0
m
s

N
/A

To
pa

y
at
te
nt
io
n
in

or
de

r
to

di
sc

ov
er

an
as

so
ci
at
io
n
be

-
tw

ee
n
th
e
st
im

ul
i

W
hi
te

no
is
e

(1
00

dB
,5

0
m
s)

A
nd

re
at
ta

et
al
.(
20

19
),
J
N
eu

ro
sc
iR

es
65

(3
3
♀
)

G
en

ot
yp

ed
fo
r

B
D
N
F
rs
62

65
O
ff
ic
es

90
s

E
le
ct
ri
c
st
im

ul
at
io
n

20
0
m
s

10
0
%

To
pa

y
at
te
nt
io
n
in

or
de

r
to

di
sc

ov
er

an
as

so
ci
at
io
n
be

-
tw

ee
n
th
e
st
im

ul
i

W
hi
te

no
is
e

(1
03

dB
,5

0
m
s)

N
eu

ed
er

et
al
.(
20

19
),
Fr
on

t
B
ea

hv
N
eu

ro
sc
i

43
(1
6
♀
)

P
an

ic
at
ta
ck

s
O
ff
ic
es

60
s

E
le
ct
ri
c
st
im

ul
at
io
n

20
0
m
s

10
0
%

N
/A

W
hi
te

no
is
e

(1
03

dB
,5

0
m
s)

210 H. Genheimer et al., Biomarkers of Anxiety Acquisition and Generalization in Virtual Reality Experiments

Zeitschrift für Klinische Psychologie und Psychotherapie (2022), 51 (3-4), 206–222 © 2022 The Author(s). Distributed as a
Hogrefe OpenMind article under the license

CC BY-NC 4.0 (https://creativecommons.org/licenses/by-nc/4.0)

 h
ttp

s:
//e

co
nt

en
t.h

og
re

fe
.c

om
/d

oi
/p

df
/1

0.
10

26
/1

61
6-

34
43

/a
00

06
58

 -
 W

ed
ne

sd
ay

, M
ay

 0
8,

 2
02

4 
5:

07
:3

4 
A

M
 -

 I
P 

A
dd

re
ss

:3
.1

45
.1

15
.1

95
 

https://creativecommons.org/licenses/by-nc/4.0
https://creativecommons.org/licenses/by-nc/4.0
https://creativecommons.org/licenses/by-nc/4.0
https://creativecommons.org/licenses/by-nc/4.0
https://creativecommons.org/licenses/by-nc/4.0
https://creativecommons.org/licenses/by-nc/4.0
https://creativecommons.org/licenses/by-nc/4.0
https://creativecommons.org/licenses/by-nc/4.0


respective contexts and the ITI to test the interindividual
differences (see also Lonsdorf & Merz, 2017).

Overview of the Findings

Considering that the prerequisite for the generalization of
a learned response is to learn that response, we divide the
findings into the acquisition phase and the generalization
phase. Discriminative defensive responses are depicted in
Figure 2.

Anxiety Acquisition

The investigation of biomarkers on anxiety learning in
healthy individuals as well as in clinical samples requires
a model that reliably induces anxiety under highly con-
trolled conditions. Thereby, anxiety acquisition is seen
as successful when individuals show differential respons-
es between CTX+ and CTX–. In this case, one can as-
sume that CTX+ is associated with unpredictable threats,
whereas the safety context predicts no threat, i. e., safety.
This differentiation is commonly measured on various le-
vels like the behavioral, physiological, and subjective le-
vels.

Three studies (Glotzbach et al., 2012; Houtekamer
et al., 2020; Molet et al., 2013) tested behavioral avoid-
ance in a VR paradigm after anxiety acquisition, and the
results were mixed. Glotzbach et al. (2012) and the second
experiment by Molet et al. (2013) found avoidance be-
havior, as participants decided to enter a neutral and/or
safety context more often than the anxiety/aversive con-
text, meaning they avoided entering the anxiety/aver-
sive context. In contrast, Houtekamer et al. (2020) found
that participants had no preference for entering a con-
text after anxiety acquisition. The discrepancy in the
findings can be explained by the presence of a searching
task in Houtekamer et al. (2020) but not in Glotzbach
et al. (2012) and Molet et al. (2013). However, the free
choice of navigation through VR contexts under high ex-
perimental control makes it possible to investigate con-
textual avoidance behavior in anxiety conditioning ex-
periments.

In anxiety conditioning, valence (positive vs. negative),
arousal (intensity), and anxiety ratings of the virtual con-
texts were frequently assessed together with the individ-
uals’ US expectancy ratings. Most studies opted to collect
the ratings at the end of each experimental block to pre-
vent confounding effects induced by cognitive processes
on the physiological and behavioral variables (TabbertTa
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et al., 2006). In detail, after the last anxiety acquisition
block, the 12 anxiety conditioning studies that investigat-
ed subjective anxiety reported stronger subjective anxiety
in CTX+ compared to CTX– (Andreatta et al., 2015a,
2015b, 2017, 2019, 2020; Genheimer et al., 2017; Glotz-
bach-Schoon et al., 2015, 2013b, 2013c; Glotzbach et al.,
2012; Neueder et al., 2019; Tröger et al., 2012). Interest-
ingly, results were independent of the reinforcement rate
of the US, which ranged between 60% and 100%. US-
expectancy ratings revealed successful anxiety acquisi-
tion, i. e., higher expectancy of the US was indicated in
CTX+ compared to CTX–, in all 12 studies that reported
US expectancy ratings (Andreatta et al., 2015a, 2015b,
2017, 2019, 2020; Genheimer et al., 2017; Glotzbach-

Schoon et al., 2013b, 2013c, 2015; Glotzbach et al., 2012;
Kroes et al., 2017; Tröger et al., 2012).

Reports on the instructions of contingencies between
the US and the contexts were very inhomogeneous (see
Table 1), ranging from fully instructed about the context
in which the US was delivered to a vague and general
instruction that the aversive US might come any time.
Despite the heterogeneity of the instructions, the results
of all reported studies indicate that anxiety conditioning
worked on a subjective level.

This suggests that, on the subjective level, conditioned
anxiety can be acquired independently from the methodo-
logical settings. In the same vein, high anxious individuals
might easily acquire and then report feeling threatened

Table 2. Descriptive statistics of the sample in the example study. No differences between the groups were found regarding gender, age, US
ratings and intensity, presence in the VR (Igroup Presence Questionnaire, IPQ) or panic-related questionnaires (Avoidance Questionnaire, AQ; Panic
Attack Cognitions Questionnaire, PACQ; Panic Attack Symptoms Questionnaire, PASQ; Panic Frequency Scale, PFC). The group of participants with
severe depression scores resulted significantly more depressed (Beck Depression Inventory, BDI), anxious (State Trait Anxiety Inventory, STAI),
anxiety sensitive (Anxiety Sensitivity Inventory, ASI).

Minimal-moderate Severe Comparisons

N 25 17

Gender 9 ♀, 16 ♂ 9 ♀.8 ♂ χ(1)= 1.19, p = .276

Age (SD) 32.85 (12.23) 29.18 (11.95) F(1, 40) = 0.11, p = .747

US ratings (SD) 5.32 (1.41) 5.59 (1.28) F(1, 40) = 0.40, p = .533

US intensity (SD) 1.96 (0.97) 2.35 (1.51) F(1, 40) = 1.13, p = .294

IPQ (SD) -4.56 (13.61) 1.24 (21.57) F(1, 40) = 1.14, p = .291

ASI (SD) 25.12 (10.26) 34.06 (10.26) F(1, 40) = 7.68, p = .008**

STAI (SD) 42.52 (9.54) 59.06 (9.25) F(1, 40) = 31.14, p < .001***

BDI (SD) 10.16 (5.51) 27.41 (6.83) F(1, 40) = 81.65, p < .001***

AQ (SD) 18.32 (12.39) 18.82 (11.990) F(1, 40) = 0.02, p = .896

PACQ (SD) 22.88 (11.56) 25.41 (12.24) F(1, 40) = 0.46, p = .500

PASQ (SD) 43.80 (22.88) 45.00 (18.34) F(1, 40) = 0.03, p = .858

PFS (SD) 3.32 (2.14) 3.88 (1.90) F(1, 40) = 0.77, p = .387

Figure 2. Percentage of the significant (black lines) and nonsignificant (gray lines) discriminative defensive responses for the acquisition phase and
the generalization phase. For the acquisition phase, the percentages were calculated for the 18 studies, while for the generalization phase, we
considered the five studies. After the acquisition phase and the generalization phase, anxiety context (CTX+) was rated more negative (valence),
arousing (arousal), and anxiogenic (anxiety) than the safety context (CTX–) in most of the studies, and participants expected the US more (US-
expectancy). Startle response, electrodermal activity, and amygdala activation were potentiated in CTX+ compared to CTX–, but such physiological
responses were not observed for the generalization contexts (G-CTX).
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and anxious in specific contexts. This means they might
not necessitate strong (e.g., clear instructions) or numer-
ous (e.g., with a 100% CTX–US contingency) associations
between the feared event (e. g., the panic attack) and the
conditioned context (e.g., the shopping mall) to report
anxiety. Further, our example of individuals suffering
from panic attacks demonstrates the clear acquisition of
verbal conditioned anxiety (i. e., anxiety ratings and US
expectancy); interestingly, this was independent of their
level of depression (see Figure 3a and Figure 3b).

The effects and findings differ for physiological mea-
surements. Electrodermal activity is a measure of physio-
logical arousal and reflects the preparation level for a de-
fensive response (Lang et al., 2000; LeDoux, 2003). Be-
cause it refers to contextual paradigms, this response has
the advantage of disentangling the long-lasting and sus-
tained arousal elicited by a threatening context as indi-

cated by the skin conductance level (SCL) and the short-
lasting and phasic arousal elicited by a threatening cue
indicated by the skin conductance response (SCR; Bouc-
sein et al., 2012). Altogether, ten studies reported skin
conductance during anxiety acquisition, and all of them
found stronger electrodermal activity, i. e., SCL, in CTX+
compared to CTX– at least at the end of acquisition (Al-
varez et al., 2008; Andreatta et al., 2015b, 2017, 2020;
Glotzbach-Schoon et al., 2013b, 2013c, 2015; Kroes et al.,
2017; Neueder et al., 2019; Tröger et al., 2012). Kroes
et al. (2017) report context discrimination in skin conduc-
tance only after exploratory post-hoc tests without cor-
rection for multiple testing.

Additionally, the startle response serves as an indicator
of behavioral valence and affect and is assumed to be po-
tentiated by aversive and threatening stimuli compared to
neutral and nonthreatening stimuli (Hamm et al., 1993).

Figure 3. Anxiety acquisition and generalization on the subjective level for individuals who experienced one or more panic attacks with minimal-
moderate (left panels) and severe (right panels) depressive scores. Anxiety ratings (a.) and US expectancy ratings (b.) after acquisition were
significantly increased in the threat (gray bar) compared to the safety (white bar) context (CTX). Anxiety ratings (c.) and US expectancy ratings (d.)
after generalization were significantly increased in the threat and generalization context (dark gray bar) compared to the safety context. Results
were independent of the participants’ depressive symptoms.
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Twelve of our reviewed studies used the startle response
to measure defensive reaction during anxiety acquisition.
Potentiated startle responses in CTX+ compared to CTX–
at least in late acquisition were found in ten studies (An-
dreatta et al., 2015b, 2017, 2019; Genheimer et al., 2017;
Glotzbach-Schoon et al., 2013c, 2015; Houtekamer et al.,
2020; Kroes et al., 2017; Neueder et al., 2019; Tröger
et al., 2012). The reinforcement rate also seems to be a
remarkable factor in the success of anxiety acquisition.
Houtekamer et al. (2020) reinforced 60% of their CTX+
trials and analyzed only a selection of participants that
discriminated the contexts regarding the startle response.
Along the same line, Genheimer et al. (2017) used a rein-
forcement rate of 80% and reported context discrimina-
tion in startle responses only at the end of the acquisition
phase. Therefore, it seems that the reinforcement rate
mirrors the strength of the CTX–US association in the
startle response. These findings are also supported by our
subclinical example showing significantly stronger con-
ditioned anxiety on the startle level in the threatening
context than in the safety context (see Figure 4a). Appar-
ently, the high contingency rate (i. e., 100%) between the
threatening context and the aversive US ruled out indi-
vidual differences (Lissek et al., 2006) as such a discrim-
inative response was evident no matter whether partici-
pants presented high depressive scores or not.

Interestingly, two studies (Andreatta et al., 2020;
Glotzbach-Schoon et al., 2013c) found opposing results
when investigating anxiety sensitivity or trait anxiety. The
former found a delayed acquisition of conditioned anxiety
at the startle level, which seemed to be driven by partici-
pants’ anxiety sensitivity: The more anxiety sensitive
these were, the less discrimination between the context
was revealed at the startle level (Andreatta et al., 2020).
The latter found (marginal) quicker context discrimina-
tion in high-anxious individuals, meaning startle potenti-
ation in the anxiety context as compared to the safety
context already during the first acquisition phase (Glotz-
bach-Schoon et al., 2013c). Such contrasting effects in
these two studies might be related to the distinct aspects
of anxiety investigated. Indeed, anxiety sensitivity refers
to sensitivity toward physical, psychological, and social
consequences (Reiss et al., 1986), while trait anxiety refers
to a broader and more general anxious feeling toward
threatening and stressful situations (Clark et al., 1994).

Altogether, both physiological arousal (i. e., electroder-
mal activity) and defensive responses (i. e., startle reflex)
were reliable measurements for predicting the success of
associative learning. Different from the subjective indices,
behavioral and physiological measurements seemed more
sensitive to the learning protocol.

In summary, the existing literature and the example
data provided demonstrate that VR can be a reliable tool

for acquiring conditioned anxiety. Aversive ratings and
physiobehavioral measures of startle and skin conduc-
tance responses confirm strong defensive responses on
both the explicit and the implicit level. The study of ac-
quired anxiety and its underlying mechanisms is indis-
pensable to better understand why some but not other
individuals have a higher risk of developing pathological
anxiety and which mechanisms should be tackled during
the therapy. For instance, knowing that the verbal re-
ports of a patient do not necessarily depend on how often
or how explicit an aversive event happens in one con-
text suggests that, in therapy, the simple exposure to the
threatening context might not be enough to reduce the
subjective anxiety. In comparison, knowing that phys-
iobehavioral reactions of a patient are more sensitive to
the frequency of the association between an aversive
event and a context suggests that in therapy the amount
of exposure to the threatening context should be larger
than the associative events for efficiently reduced auto-
matic anxiety.

Anxiety Generalization

Five studies (see Table 1) investigated generalization
mechanisms of conditioned anxiety (Andreatta et al.,
<litr=5>2015b, 2017, 2019, 2020; Neueder et al., 2019).
All studies used virtual reality and reported successful
anxiety acquisition, i. e., discrimination between CTX+
and CTX–.

Generalization is an adaptive mechanism as it allows a
prompt response to novel contexts based on previous ex-
periences in similar but different contexts (Dymond et al.,
2015). In other words, if we learned that crossing the
highway can be dangerous, it can be adaptive to general-
ize this knowledge to the rail tracks, whereas generalizing
this knowledge to circle paths (i. e., overgeneralization)
can become quite debilitating. It remains unclear why
some individuals adaptively generalize while others over-
generalize. A better understanding of the underlying and
the cognitive mechanisms that cause us to generalize can
greatly contribute to tackling the pathological mecha-
nisms in therapy. Moreover, investigating which factors
may facilitate (over‐)generalization gives further insight
into the target mechanisms.

Generalizing a conditioned response is based on two
processes (Dymond et al., 2015): On the one hand, the
stimuli that elicit a generalized response share conceptual
characteristics with the threatening object or context (se-
mantic generalization); on the other hand, the stimuli that
elicit a generalized response share physical properties
with the threatening object or context (perceptual gener-
alization). All of the studies we found investigated per-
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ceptual generalization. Specifically, the so-called general-
ization context (G-CTX) was an office that shares features
(i. e., furniture) of the anxiety and the safety context. Most
studies used one generalization context, which consisted
of 50% CTX+ features and 50% CTX– features. If indi-
viduals respond to the G-CTX similar to CTX+, one can
conclude that they were generalizing anxiety to the novel
context. The idea is that individuals with pathological fear
or anxiety responses tend to overrate the memory trace
associated with the threatening context and consequent-
ly show stronger defensive responses. One advanced stu-
dy (Andreatta et al., 2020) included a stimulus gradient
similar to classical fear generalization paradigms (Lissek
et al., 2008a). Besides a generalization context consisting
of half CTX+ and half CTX–, two additional contexts were
used, one more similar to CTX+ (75% features of CTX+,
25% features of CTX–) and one more similar to CTX–
(25% features of CTX+, 75% features of CTX–).

On a subjective level, all studies found higher anxiety
ratings and US expectancy for CTX+ and G-CTX com-
pared to CTX–; these effects did not change over time
(Andreatta et al., 2015b, 2017, 2019, 2020; Neueder et al.,
2019). The subjective anxiety responses seem to follow
the strategy “better safe than sorry,” meaning that indi-
viduals prefer to feel threatened and to expect the threat
within a context that shares half of the physical properties
with the threatening context. This conditioned anxiety
memory seems stable over time: Even up to 2 weeks after
anxiety acquisition, participants discriminated CTX– and
CTX+ and reported comparable ratings for G-CTX as for
CTX+ (Andreatta et al., 2017). Andreatta et al. (2020) ex-
tended these findings and demonstrated that the sub-
jective anxiety responses were generalized in the 50%
G‐CTX as well as in the 75% G-CTX but not to the con-
text that shared only 25% of the features with CTX+. This
adaptive lack of generalization for a context that is mainly
related to the safety context is even more relevant if one
considers that in this study (only) the US was delivered in
half of the trials to prevent the extinction of the condi-
tioned response.

Electrodermal activity did not differ between anxiety
and the safety context or the generalization contexts,
when no US was delivered during the generalization
phase (Andreatta et al., 2015b, 2017, 2019; Neueder et al.,
2019), suggesting that the physiological arousal extin-
guished. When contexts are shown repeatedly without US,
a novel memory trace (i. e., CTX–no-US) is formed, and
gradually the conditioned response is reduced until it dis-
appears. This learning is called extinction (Milad & Quirk,
2012; Quirk & Mueller, 2008). In contrast, the partial
reinforcement during the generalization phase applied by
Andreatta et al. (2020) revealed a larger skin conductance
level in CTX+ compared to CTX–, suggesting that the

physiological arousal did not extinguish because the
aversive event (the US) was still being delivered. Another
explanation of these results might be habituation effects.
Strong habituation characterizes electrodermal activity,
i. e., physiological arousal decreases over time (Boucsein
et al., 2012). The habituation hypothesis seems to be
supported by the relatively long duration of the one-day
protocols (Andreatta et al., 2015b, 2019; Neueder et al.,
2019), whereas Andreatta and colleagues (2020) reduced
the duration of each experimental session as the acquisi-
tion, and the generalization phase were split over two dif-
ferent days. Physiological arousal was not generalized to
the novel generalization contexts (Andreatta et al., 2020).
It is possible that different mechanisms underlie the gen-
eralization of sustained fear and the generalization of
phasic fear. Therefore, we think physiological responses
rely on the elements within the context (i. e., the furniture)
rather than on a conjunctive concept of the context (Rudy,
2009). Consequently, we cannot detect the generalization
of the physiological responses on a group level.

The defensive responses measured during the general-
ization phase showed potentiation of the startle response
in CTX+ compared to CTX– in all studies, suggesting a
stronger conditioned anxiety response. In contrast, our
subclinical sample revealed potentiated startle responses
in CTX– compared to CTX+ during the generalization test
phase but only for individuals with minimal or moderate
depression scores (see Figure 4b). Although the sample
size is relatively small and therefore the findings should
be taken with caution, we think these findings align with
those of the acquisition phase and the current literature
for two reasons: First, interindividual differences may
become more evident during the generalization phase as
there is no obvious association with the threat as it was
during acquisition (Lissek et al., 2006). Such a less obvi-
ous association between the threat and the anxiety con-
text might have facilitated the generalization of the con-
ditioned anxiety responses in the other context visited
during acquisition (i. e., the safety context). Second, se-
vere depressive scores blunt discriminative startle re-
sponses (Melzig et al., 2007), and individuals with severe
depressive scores in our example could not discriminate
across the three contexts.

In healthy individuals, startle response was not poten-
tiated in any generalization context as no difference was
found in CTX–, suggesting that the G-CTX did not elicit
anxiety responses. Most studies used the 50% general-
ization context, and it is conceivable that, in healthy indi-
viduals, the safety-associated furniture in the generaliza-
tion context might have been more salient than the threat-
associated furniture and consequently led to reduced
startle responses (Andreatta et al., 2015b, 2017, 2019;
Neueder et al., 2019). Interestingly, startle responses were
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not potentiated in the generalization context, which sha-
red 75% of the furniture with the anxiety context (An-
dreatta et al., 2020). Despite the possibility that the safe-
ty-related furniture in this context was sufficient for in-
hibiting defensive responses, it is also conceivable that the
startle response is not the most appropriate dependent
variable for measuring sustained fear responses. In other
words, startle responses are elicited by short and phasic
stimuli (Blumenthal et al., 2005), which were randomly
presented during the context visit. The startle response
depends on when and where the phasic startle-eliciting
probes were presented and cannot detect the perception
of the whole context. One study demonstrated that con-
ditioned anxiety responses (i. e., startle response) were
comparable across the contexts 2 weeks after anxiety ac-
quisition, suggesting facilitated anxiety generalization
(Andreatta et al., 2017). Conceivably and in line with
animal studies (Biedenkapp & Rudy, 2007), the mem-
ory trace acquired during anxiety acquisition for CTX+
and CTX– gradually decayed over time and became weak-
er (Frankland & Bontempi, 2005). Consequently, partici-
pants generalized their responses more.

Three studies included interindividual differences like
gene variants (Andreatta et al., 2019), anxiety sensitivity
(Andreatta et al., 2020), and panic attacks (Neueder et al.,
2019). Altogether, these studies demonstrated facilitated
the generalization of conditioned anxiety in those partici-
pants at risk for anxiety disorder, such as carriers for the
met-allele of the brain-derived neurotrophic factor gene
(BDNF; Andreatta et al., 2019), high-anxiety sensitive in-

dividuals (Andreatta et al., 2020), and individuals suffer-
ing from panic attacks (Neueder et al., 2019). Distinctly,
the overgeneralization of conditioned anxiety was medi-
ated by anxiety sensitivity and panic attacks on the verbal
level, albeit by a genetic variation on the startle response.
Our example data support such evident generalization of
verbal conditioned anxiety. Thus, participants suffering
from panic attacks demonstrated comparable ratings for
G-CTX and CTX+ but higher than for CTX– (see Fig-
ures 3c and 3d). Again, having high depressive scores does
not seem to modulate verbal responses. Considering that
the interaction between genetic factors and life experi-
ence is crucial for the etiology and development of anxiety
disorders (Ressler, 2020; Schiele & Domschke, 2018), it is
striking that, thus far, no study has investigated how the
gene x environment interaction mediates generalization
processes.

In summary, the existing anxiety generalization litera-
ture is still very sparse, and few studies have been con-
ducted. Nevertheless, results show a generalization of
conditioned anxiety in healthy individuals which seems
mediated by time and interindividual differences. The
implementation of gradually changing contexts using VR
technology enables the investigation of anxiety general-
ization processes similar to the already more established
fear generalization processes. Future studies could try to
compare the generalization gradient of conditioned anxi-
ety with the generalization of conditioned fear.

Figure 4. Startle responses during anxiety acquisition and generalization phases for individuals who experienced one or more panic attacks with
minimal-moderate (left panels) and severe (right panels) depressive scores. Startle responses during acquisition (a.) indicate significantly poten-
tiated startle responses in the threat (CTX+, gray bar) compared to the safety (CTX–, white bar) context. Startle responses were potentiated in the
safety context during the generalization test (b.) for individuals suffering from panic attacks, while startle responses were blunted across the
contexts for individuals with severe depressive scores. Startle potentiation in CTX– compared to CTX+ was revealed in the minimal-moderate
depression group only.
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Conclusions

The current review aimed to identify biomarkers for ex-
perimental anxiety acquisition and their impact on gener-
alization processes. In general, conditioned anxiety re-
sponses were successfully acquired on all analyzed de-
pendent variables, but distinct aspects influenced these.
First, discriminative responses were evident in all studies
no matter how strong (i. e., CTX–US contingency) and
how explicit (i. e., instruction) the association was be-
tween a context and the threatening event. In contrast,
physiobehavioral responses were more sensitive to the
CTX–US contingency and the instructions than the ver-
bal responses. Second, the generalization of conditioned
anxiety was evident on the verbal level but not on the
physiobehavioral level. Third, risk factors for anxiety
disorder, such as genetic (Montag et al., 2010) and per-
sonality traits (Sandi & Richter-Levin, 2009), seem to fa-
cilitate anxiety generalization, which in turn might be the
predisposition mechanism of these disorders (Sep et al.,
2019).

Similar to anxiety patients, distinct processes seem to
underlie verbal and physiological responses in healthy or
subclinical individuals (LeDoux & Pine, 2016). Know-
ing which factors are crucial for modulating one or the
other response level may contribute to improving treat-
ments (Craske et al., 2018). Considering the crucial role
of instructions in modulating conditioned fear responses
(Hamm &Weike, 2005; Mertens et al., 2016), we strongly
suggest better reporting for instructions in future studies.
Moreover, the studies of this systematic review indicate
no modulation of the ratings but an unclear role of in-
struction for physiological conditioned anxiety. It would
be interesting to investigate the role of explicit or verbal
knowledge in the etiology of anxiety-related disorders
paralleling the findings on instructed fear, for example, as
a driving mechanism for specific phobia, such as spider
phobia (Fyer, 1998; Olsson & Phelps, 2007).

This systematic review showed that paradigms in VR
have an enormous potential to revolutionize anxiety re-
search to a more realistic and reliable threat experience
under well-controlled conditions. The revealed interin-
dividual differences, for example, in genetics (Andreatta
et al., 2019; Glotzbach-Schoon et al., 2013b), anxiety sen-
sitivity (Andreatta et al., 2020), and trait anxiety (Glotz-
bach-Schoon et al., 2013c), demonstrated that virtual pa-
radigms presenting unpredictable threats can detect sub-
clinical mechanisms involved in the etiology and mainte-
nance of anxiety disorders (Mineka & Oehlberg, 2008).

Based on the literature on healthy individuals, sugges-
tions to improve VRET in clinical populations should
be highlighted. Importantly, successful anxiety acquisition

could be confirmed reliably in VR experiments on a sub-
jective level, i. e., higher aversive ratings and US ex-
pectancy in CTX+ compared to CTX–, and on psychobe-
havioral and physiological levels, i. e., potentiated startle
responses and higher electrodermal activity in CTX+
compared to CTX–. Possibilities of VR technology could
still be more exhaustive, for instance, by analyzing avoid-
ance behavior. On this basis, anxiety research can take the
next step and transfer the research to clinical samples,
especially anxiety disorders like GAD or PD. Craske and
colleagues (2014) suggested several strategies to maxi-
mize exposure therapy based on fear-extinction studies.
This review may be a good platform for implementing
these suggestions. For instance, two suggested strategies
are to violate patients’ expectations and use multiple con-
texts during extinction. With VR, we can combine these
strategies. Violation of a patient’s expectations can be ach-
ieved by being in a threat-similar situation as anxiety (or
fear) memories are evoked but no threat is delivered. Par-
allel to that, the patient is exposed to multiple contexts with
different similarity gradients. Hence, patients are trained to
discriminate between the threatening context and those
contexts that resemble the threatening context but are safe.

In contrast, anxiety generalization seems still under-
represented in literature. While fear generalization pro-
cesses were investigated in healthy individuals as well
as in clinical samples (Dunsmoor & Paz, 2015; Dymond
et al., 2015; Jovanovic et al., 2012; Lissek et al., 2010,
2014), anxiety generalization is less well studied. The
generalization of conditioned anxiety appears to be more
complex than that of conditioned fear because for anxiety
generalization, two types of representation are involved,
namely, the threatening context can be perceived as a
whole and as its single elements (see Rudy, 2009). The
altered safety learning processes in anxiety patients com-
pared to healthy individuals seem highly relevant in in-
terpreting a generalization context (Lissek et al., 2009).
This review shows comparable physiological responses in
the generalization and safety context among healthy in-
dividuals, mainly indicated by attenuated startle respons-
es and electrodermal activity in G-CTX compared to CTX
+. In contrast, individuals generalized anxiety on subjec-
tive anxiety and US expectancy level, demonstrated by
higher aversive ratings for G-CTX compared to CTX–. It
remains to be investigated whether such dissociation be-
tween the physiological and verbal level is still visible or
not in a clinical sample.

Until now, many studies that focused on fear general-
ization used a discrete stimulus and its variations to in-
vestigate generalization processes (Lissek et al., 2008b,
2014). In this way, risk factors for developing anxiety
disorders like oversensitivity to threat (Shankman et al.,
2013) and overgeneralization (Lissek et al., 2010) were
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identified. However, some anxiety disorders like gener-
alized anxiety or panic disorders are associated with
sustained rather than phasic fear (Mineka & Oehlberg,
2008). Sophisticated experimental paradigms were need-
ed to elicit sustained threat. This review confirms the
combination of context conditioning paradigms and vir-
tual reality as an option to investigate anxiety generaliza-
tion under highly controlled settings. The possibility of
step-wise changes in the virtual contexts (Andreatta et al.,
2020), similar to classical fear generalization paradigms,
provide a very elegant tool for the more sophisticated
investigations of anxiety disorders characterized by sus-
tained fear. Moreover, VR technology and its step-wise
adaptions are highly interesting for the individualization
of exposure-based therapy regarding higher acceptance
and therapy success for patients suffering from anxiety
disorders.
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