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Virtual reality-based attention bias
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anxiety: a feasibility and proof of
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Attention bias modification (ABM) programs have been considered as a promising new
approach for the treatment of various disorders, including social anxiety disorder (SAD).
However, previous studies yielded ambiguous results regarding the efficacy of ABM in
SAD. The present proof-of-concept study investigates the feasibility of a newly developed
virtual reality (VR)-based dot-probe training paradigm. It was designed to facilitate atten-
tional disengagement from threatening stimuli in socially anxious individuals (N = 15).
The following outcomes were examined: (a) self-reports of enjoyment, motivation, flow,
and presence; (b) attentional bias for social stimuli; and (c) social anxiety symptoms.
Results showed that ABM training is associated with high scores in enjoyment, moti-
vation, flow, and presence. Furthermore, significant improvements in terms of attention
bias and social anxiety symptoms were observed from pre- to follow-up assessment.
The study suggests that VR is a feasible and presumably a promising new medium for
ABM trainings. Controlled studies will need to be carried out.

Keywords: attention bias modification, dot-probe paradigm, attention bias, virtual reality, social anxiety disorders,
social phobia

INTRODUCTION

Social anxiety disorder (SAD) is characterized by an intense fear of being criticized, judged, or rejected
by others (1). SAD ranges among the most common mental disorders, with an estimated lifetime
prevalence of 12.1% (2) and leads to personal, economic, and societal costs as well as comorbidity
with other disorders (e.g., depression) (3).

Cognitive models of SAD suggest that socially anxious individuals are prone to biases at specific
stages of information processing (4). In SAD, the attentional system is abnormally sensitive to threat-
related stimuli, and affected individuals tend to direct their attention toward threatening information
during early, automatic stages of processing (5). Accordingly, reflecting the proposed hypervigilant
mode toward threat in SAD, a meta-analysis showed that anxious individuals detect threat-related
stimuli significantly faster than neutral ones (6). In contrast, alternative models highlight the avoid-
ance mechanism and posit that threatening information is avoided or inhibited (7), and that anxiety
has less impact on the initial detection of threat, but rather a stronger effect in modulating the
maintenance of attention on the source of threat (8). Furthermore, individuals suffering from SAD
showed prolonged disengagement from threat (9). In summary, there is evidence that social anxious
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individuals differ from non-anxious individuals in their attention
regarding their detection, disengagement, and avoidance of social
threat information.

As a consequence, attention bias modification (ABM) studies
have emerged to modify the attention bias and thus reducing
anxiety in SAD (6, 10). ABM trainings aim at directly modifying
the attentional system and patterns of neural activation in social
anxious individuals in the context of the dot-probe paradigm (10,
11). The majority of attention trainings manipulated the atten-
tion bias away from threat and onto a neutral stimulus, because
this approach proved efficient in some clinical trials (4, 12, 13).
However, it is still not clear whether this procedure is indeed the
most potent approach available (10).

Findings from different ABM training studies remained
inconclusive (13-18). One possibility is that the lack of ecological
validity and incomplete immersion impeded the success of some
of the earlier studies, e.g., due to the fact that all ABM trainings
were conducted on desktop computers or smartphones. Besides
the lack of ecological validity, the use of multiple experimental
manipulations in different studies (e.g., presentation length,
stimulus type, or the study population) may have led to mixed
results (15). Here, we propose the use of virtual reality (VR) in
ABM training.

Virtual reality applications are defined by allowing the user
to navigate through and interact with an environment that is
close to its natural counterpart (19-21). VR enables to perform
real physical actions (e.g., motor tasks) and the manipulation of
virtual objects (22). Such enactments of bodily movements in VR
might strengthen approach behaviors, which have been found to
be crucial in SAD (23, 24). Furthermore, these possibilities lead to
an improvement of the user experience compared to other media
(e.g., desktop computers) (22). Moreover, it has been postulated
that a high level of presence is positively associated with task
performance (25), enjoyment (26), flow (27), and motivation
(28). In general, it has been found that VR elicits stronger rat-
ings on presence than desktop computers (29). To date, VR has
successfully been adapted to exposure therapy, and studies have
repeatedly found good long-term follow-up for several anxiety
disorders (30-33). Consequently, the use of VR may have several
advantages in ABM trainings.

The main goal of this study was to test the feasibility of
a VR-based modified dot-probe paradigm in students with
increased social anxiety.

METHODS

Participants

Fifteen undergraduate students (12 females and 3 males) between
19 and 24 years (M = 20.2 years, SD = 1.42) with normal or
corrected-to-normal vision participated in this study. All par-
ticipants were recruited through advertising at the University
of Bern (e.g., pin board and lectures). The study was explicitly
advertised for students suffering from increased social anxiety.
For their participation, they received course credits. All partici-
pants provided written informed consent before the inclusion in
the present study. The study was approved by the Local Ethics
Committee of the University of Bern.

Apparatus

The VR-based modified dot-probe task was designed and
rendered using the Python/OpenGL-based VR toolkit Vizard
(WorldViz LLC, Santa Barbara, CA, USA). The virtual environ-
ment (VE) was modeled and textured using the open-source
three-dimensional (3D) graphic software Blender (Blender
Foundation, 2013). Participants were wearing a stereoscopic
nVisor SX60 head-mounted display, which rendered the VE
at 1,280 x 1,024 resolutions with a 60° diagonal field of view
for each eye. The participant’s position and body movement
was tracked using the Microsoft Kinect Xbox 360, 250 GB
(Microsoft, Redmond, USA). The whole body tracking device’s
depth-camera (Microsoft Kinect) was calibrated using the
Flexible Action and Articulated Skeleton Toolkit (FAAST). The
FAAST driver is an interface allowing for streaming the partici-
pant’s skeleton to the VR engine over a VR peripheral network
(VRPN) server.

Intervention

We created a VR-based modified version of the dot-probe task
used in the previous studies to change the attention bias (15).
The aim of this intervention was to associate a probe to a neutral
cue, hence turning the attention away from the simultaneously
presented negative cue.

Each dot-probe trial began with a fixation cross (+) presented
in the center of a 3D model of a video conference wall for 500 ms.
Directly after the fixation cross, two faces of the same individual
were presented for 500 ms in two 3D picture frames on the 3D
video conference wall, one on the left-hand side and one on the
right-hand side. We used face stimuli from the NimStim set
(34) and selected faces of eight individuals (four male and four
female). After presenting the faces, a 3D model of a letter (E or F)
appeared in front of the location of one of the faces. Participants
were asked to hit the letter with their arms. If a 3D letter was
presented on the left side, participants were told to hit the 3D
letter with their left hand and vice versa for letters on the right-
hand side. After the virtual hand and the 3D letter collided, the
next trial began. Figure 1 shows an example trial of the VR-based
modified dot-probe task. The instruction was to react (by hitting
the letter) as quickly and accurately as possible. Before the actual
dot-probe training session started, participants completed prac-
tice trials with pictures of fruits and houses instead of faces. The
training session consisted of 160 dot-probe trials. The distance
between the tracking system and the participants was kept con-
stant (1.5 m) with a mark on the floor. The distance was based on
the recommendations of Microsoft to achieve optimal resolution
(e.g., range between 1.2 and 3.5 m). Participants were instructed
not to move their feet during the experiment.

Furthermore, the VE as well as the NimStim set was preloaded
in the cache to avoid further latencies. Typically, latency times
are 106 ms for the Microsoft Kinect (35) and 5 ms for the VRPN
server.

Self-Report Measures

Upon completion of the training, participants filled out the
flow questionnaire (36) (example: “I feel perfectly claimed”
one = disagree; seven = agree) and the eight-item presence
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FIGURE 1 | Schematic of the VR setup. The semitransparent part (i.e., the wall with the two blank picture frames) of the image represents the VE the participants
viewed. (A) A Microsoft Kinect was used as a whole body-tracking device; (B) lllustration of the red fixation cross, which disappeared after 500 ms; (C) 500 ms
presentation of the two face stimuli (e.g., neutral and disgust expression); (D) Virtual 3D letter appeared in front of the neutral face; (E) The participant hit the virtual
letter on the left side with his left arm; and (F) End of trial, next trail begins with the red fixation cross again.

scale (37) (example: “the VR-training created a new world for
me, which immediately disappeared when the training ended”
one = not at all; seven = very strong). Additionally, they answered
a single item to assess motivation (“How motivated were you to
play the VR-training?” one = not at all; five = very much) and
enjoyment (“Did you enjoy the VR-training?” one = not at all;
five = very much) (38, 39). For measuring social anxiety symp-
toms, we used the following scales: the Liebowitz Social Anxiety
Scale (LSAS-SR) (40), the Social Phobia Scale (SPS), and the
Social Interaction Anxiety Scale (SIAS) (41).

Attention Bias Assessment

We used a modified version of the Posner task (42, 43). In order
not to assess stimulus specific effects, we used words rather
than faces as stimuli in the attention bias assessment. Similar to
a previous study (15), we chose eight social threat words (e.g.,
“embarrassed”) and eight neutral words (e.g., “original”) out
of a standardized set of words (44). The presented words were
matched for length and frequency in the German language. The
modified Posner task began with the presentation of a fixation
cross, which was centered between two rectangles. After the fixa-
tion cross, a neutral or a social threat word was displayed in one
of the two rectangles (left: —36.87°; right: +36.87°) for 600 ms.

Following the presentation of the word, a cue (*) appeared either
at the location of the word (valid trial) or opposite of it (invalid
trial). Participants were instructed to react to the cue as quickly
as possible. The attention bias assessment consisted of 192 trials
(128 trials valid trials, 32 invalid trials, and 32 uncued trials). The
attention bias was assessed at pre-, post-, and follow-up assess-
ment. The individual bias score was calculated by subtracting
reaction times of invalid social threat trials from reaction times
of invalid neutral trials. The greater the absolute value of this bias
score, the more pronounced the bias (15). We eliminated 1.34% of
the trials because of response latencies <50 ms or >1,200 ms (13).

Procedure

All participants read a standardized information and instruction
sheet. After this, the participants filled out the SAD outcome
measures online, followed by the assessment of the attention bias.
Then the participants started the VR-based modified dot-probe
task. The training took about 10 min. Afterwards, the self-report
measures (presence, motivation, flow, and enjoyment) were
administered in a paper—pencil version. After the training, atten-
tion bias was assessed a second time. Six weeks after the training
session, participants were invited by e-mail to complete the whole
assessment online (follow-up).
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Statistical Analyses

Data were analyzed with SPSS 21. All data were analyzed for
normality using the Kolmogorov-Smirnov test as well as the
Shapiro-Wilk test; all tests were not significant, indicating
normal distribution. Furthermore, all analyses were calculated
based on the completed sample (14/15 participated in the post-
assessment and 13/15 in the follow-up assessment). In addition
to the descriptive analyses, dependent t-tests (one tailed) were
conducted to examine changes in the attention bias and SAD
outcome measures. Additionally, the relationship between the
process measures and social anxiety residualized gain scores
(pre—follow-up measurements controlled for premeasurements)
was calculated based on Spearman correlations.

RESULTS

Descriptive analyses showed that participants rated flow
(M = 4.87; SD = 1.11), motivation (M = 4.13; SD = 0.63), pres-
ence (M = 3.46; SD = 0.96), and enjoyment (M = 3.79; SD = 0.79)
above the midpoints of the scales. These ratings are relatively
high when compared to the previous studies using the same
scales (38, 39). There was no significant change in attention bias
from pre to post (P = 0.132). Interestingly, however, there was a
significant decrease of the attention bias from pretest to follow-up
(P =0.026).

From pre- to follow-up assessment, dependent ¢-tests showed
a significant reduction of social anxiety measured with the LSAS
(P = 0.04) and marginally significant results for the SPS score
(P =0.07) and the SIAS score (P = 0.06) (see Table 1). However,
the observed statistical significant results would not be signifi-
cant, if corrected for multiple testing.

The relationship between social anxiety residualized gain
scores on the SPS score and presence showed a significant nega-
tive correlation (r=—0.534, P =0.049), all other correlations were
not significant.

DISCUSSION

The aim of this study was to test the feasibility of using ABM
training via VR in a single session as a new approach for individu-
als with social anxiety symptoms. Most importantly, the present
study shows that ABM training can be implemented successfully
in VR. Furthermore, with respect to the technical side of the
VR-based ABM training, it is possible to track an arm movement
in real time without expansive motion tracking systems.

It is noteworthy that all participants finished the VR-based
ABM training and that the training was associated with high

REFERENCES

1. Rapee RM, Heimberg RG. A cognitive-behavioral model of anxiety
in social phobia. Behav Res Ther (1997) 35(8):741-56. doi:10.1016/
$0005-7967(97)00022-3

2. Kessler RC, Berglund P, Demler O, Jin R, Merikangas KR, Walters EE. Lifetime
prevalence and age-of-onset distributions of DSM-IV disorders in the National
Comorbidity Survey Replication. Arch Gen Psychiatr (2005) 62(6):593-602.
doi:10.1001/archpsyc.62.6.617

TABLE 1 | Means and SDs for social anxiety measures.

Mean SD t Df P
Social phobia scale
Pre 14.20 9.88 1.57 13 0.07
Follow-up 11.21 9.61
Social interaction anxiety scale
Pre 25.20 10.42 1.65 13 0.06
Follow-up 23.21 8.93
Liebowitz social anxiety scale
Pre 44.73 21.76 1.87 13 0.04*
Follow-up 40.00 21.32

Pre: N = 15 and Follow-up: N = 14.
P < 0.05.

scores in enjoyment, flow, presence, and motivation, indicating
good acceptance and feasibility of the intervention. Despite the
short duration of the training (10 min), the attention bias and
scores on the LSAS decreased significantly from preassessment
to the 6 weeks follow-up assessment. Boettcher et al. (15) showed
no change in attention bias over time in social anxious individuals
using the same assessment procedure, as described in this study,
in combination with a placebo control dot-probe training. ABM
training in our study targeted the modification of reaction times
to social threat stimuli. In this respect, our data indicate that
reaction times to social threat stimuli changed significantly from
pre- to follow-up assessment, whereas reaction times in trials
with neutral stimuli did not change over time. This suggests that
the present VR training showed specific effects on the target vari-
ables in the expected direction.

However, the results of the present study should be interpreted
with caution. This feasibility study included no control group.
Furthermore, the sample in the present study consisted of students
with self-assessed increased social anxiety. Nevertheless, several
authors showed that threat-related bias was similar in clinically
anxious and non-clinical high-anxious participants (45, 46).

To evaluate the efficacy of the intervention, a sufficiently
powered randomized controlled trial is needed. Moreover, future
studies should examine whether ABM trainings could be used
either as a stand-alone treatment or in combination with psycho-
therapy. In addition, it should be considered that as a first step
to implement ABM trainings into VR, we used two-dimensional
pictures of faces. More ecologically valid and realistic stimuli such
as 3D stimuli of faces or meeting autonomous virtual characters
in VR might improve the outcome.

In conclusion, the current study demonstrated the feasibility
of a complex (e.g., body tracking and motor task) VR-based ABM
training.

3. MorrisonAS,HeimbergRG.Socialanxietyandsocialanxietydisorder. AnnuRev
Clin Psychol (2013) 9:249-74. doi:10.1146/annurev-clinpsy-050212-185631

4. Schmidt NB, Richey JA, Buckner JD, Timpano KR. Attention training for
generalized social anxiety disorder. J Abnorm Psychol (2009) 118(1):5.
doi:10.1037/a0013643

5. Williams JMG, Watts FN, MacLeod C, Mathews A. Cognitive Psychology and
Emotional Disorders. New York City, NY: John Wiley & Sons (1988).

6. Bar-Haim Y, Lamy D, Pergamin L, Bakermans-Kranenburg M],
Van Ijzendoorn MH. Threat-related attentional bias in anxious and

Frontiers in Psychiatry | www.frontiersin.org

October 2015 | Volume 6 | Article 154


http://www.frontiersin.org/Psychiatry/archive
http://www.frontiersin.org/Psychiatry/
http://www.frontiersin.org
http://dx.doi.org/10.1016/S0005-7967(97)00022-3
http://dx.doi.org/10.1016/S0005-7967(97)00022-3
http://dx.doi.org/10.1001/archpsyc.62.6.617
http://dx.doi.org/10.1146/annurev-clinpsy-050212-185631
http://dx.doi.org/10.1037/a0013643

Urech et al.

A virtual attention bias training

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

nonanxious individuals: a meta-analytic study. Psychol Bull (2007) 133(1):1.
do0i:10.1037/0033-2909.133.1.1

Mogg K, Bradley BP, De Bono J, Painter M. Time course of attentional
bias for threat information in non-clinical anxiety. Behav Res Ther (1997)
35(4):297-303. doi:10.1016/S0005-7967(96)00109-X

Yiend J, Mathews A. Anxiety and attention to threatening pictures. Q J Exp
Psychol A (2001) 54(3):665-81. doi:10.1080/713755991

Buckner JD, Maner JK, Schmidt NB. Difficulty disengaging attention
from social threat in social anxiety. Cognit Ther Res (2010) 34(1):99-105.
doi:10.1007/510608-008-9205-y

Bar-Haim Y. Research review: attention bias modification (ABM): a novel
treatment for anxiety disorders. ] Child Psychol Psychiatr (2010) 51(8):859-70.
doi:10.1111/j.1469-7610.2010.02251.x

MacLeod C, Rutherford E, Campbell L, Ebsworthy G, Holker L. Selective
attention and emotional vulnerability: assessing the causal basis of their asso-
ciation through the experimental manipulation of attentional bias. ] Abnorm
Psychol (2002) 111(1):107. doi:10.1037/0021-843X.111.1.107

Amir N, Beard C, Taylor CT, Klumpp H, Elias ], Burns M, et al. Attention
training in individuals with generalized social phobia: a randomized
controlled trial. J Consult Clin Psychol (2009) 77(5):961. doi:10.1037/
20016685

Amir N, Weber G, Beard C, Bomyea J, Taylor CT. The effect of a single-session
attention modification program on response to a public-speaking challenge in
socially anxious individuals. ] Abnorm Psychol (2008) 117(4):860. doi:10.1037/
a0013445

Carlbring P, Apelstrand M, Sehlin H, Amir N, Rousseau A, Hofmann SG,
et al. Internet-delivered attention bias modification training in individuals
with social anxiety disorder-a double blind randomized controlled trial. BMC
Psychiatr (2012) 12(1):66. doi:10.1186/1471-244X-12-66

Boettcher J, Berger T, Renneberg B. Internet-based attention training for social
anxiety: a randomized controlled trial. Cognit Ther Res (2012) 36(5):522-36.
doi:10.1007/s10608-011-9374-y

Linetzky M, Pergamin-Hight L, Pine DS, Bar-Haim Y. Quantitative evaluation
of the clinical efficacy of attention bias modification treatment for anxiety
disorders. Depression Anxiety (2015) 32(6):383-91. doi:10.1002/da.22344
Cristea IA, Kok RN, Cuijpers P. Efficacy of cognitive bias modification
interventions in anxiety and depression: meta-analysis. Br ] Psychiatr (2015)
206(1):7-16. doi:10.1192/bjp.bp.114.146761

Heeren A, Mogoase C, Philippot P, McNally R]. Attention bias modification
for social anxiety: a systematic review and meta-analysis. Clin Psychol Rev
(2015) 40:76-90. doi:10.1016/j.cpr.2015.06.001

Pratt DR, Zyda M, Kelleher K. Virtual reality: in the mind of the beholder.
Computer (1995) 28(7):17-9.

Székely G, Satava RM. Virtual reality in medicine. BMJ (1999) 319(7220):1305.
doi:10.1136/bm;j.319.7220.1305

Riva G. Virtual reality in psychotherapy: review. Cyberpsychol Behav (2005)
8(3):220-30. doi:10.1089/cpb.2005.8.220

Baus O, Bouchard S. Moving from virtual reality exposure-based therapy to
augmented reality exposure-based therapy: a review. Front Hum Neurosci
(2014) 8:112. doi:10.3389/fnhum.2014.00112

Rinck M, Telli S, Kampmann IL, Woud ML, Kerstholt M, te Velthuis S, et al.
Training approach-avoidance of smiling faces affects emotional vulnerability
in socially anxious individuals. Front Hum Neurosci (2013) 7:481. doi:10.3389/
fnhum.2013.00481

Turk CL, Lerner J, Heimberg RG, Rapee RM. An integrated cognitive-behav-
ioral model of social anxiety. In: Hofmann SG, DiBartolo PM, editors. From
Social Anxiety to Social Phobia: Multiple Perspectives. Needham Heights, MA:
Allyn & Bacon (2001). p. 281-303.

Witmer BG, Singer MJ. Measuring presence in virtual environments: a presence
questionnaire. Presence (1998) 7(3):225-40. doi:10.1162/105474698565686
Lombard M, Ditton T. At the heart of it all: the concept of presence. ] Comput
Mediat Commun (1997) 3(2). doi:10.1111/j.1083-6101.1997.tb00072.x
Draper JV, Kaber DB, Usher JM. Telepresence. Hum Factors (1998) 40(3):354—
75. doi:10.1518/001872098779591386

Engeser S, Rheinberg F, Vollmeyer R, Bischoff J. Motivation, flow-Erleben
und Lernleistung in universitdren Lernsettings. Zeitschrift fiir Pddagogische
Psychologie (2005) 19(3):159-72. doi:10.1024/1010-0652.19.3.159

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

. Van Dam A, Forsberg A, Laidlaw DH, LaViola JJ, Simpson RM. Immersive VR

for scientific visualization: a progress report. IEEE Comput Graph Appl (2000)
20(6):26-52. doi:10.1109/38.888006

Emmelkamp P, Krijn M, Hulsbosch A, De Vries S, Schuemie M, Van der
Mast C. Virtual reality treatment versus exposure in vivo: a comparative
evaluation in acrophobia. Behav Res Ther (2002) 40(5):509-16. doi:10.1016/
S0005-7967(01)00023-7

Rothbaum BO, Hodges L, Smith S, Lee JH, Price L. A controlled study of
virtual reality exposure therapy for the fear of flying. ] Consult Clin Psychol
(2000) 68(6):1020. doi:10.1037/0022-006X.68.6.1020

Vincelli F, Anolli L, Bouchard S, Wiederhold BK, Zurloni V, Riva G.
Experiential cognitive therapy in the treatment of panic disorders with
agoraphobia: a controlled study. Cyberpsychol Behav (2003) 6(3):321-8.
doi:10.1089/109493103322011632

Anderson PL, Price M, Edwards SM, Obasaju MA, Schmertz SK, Zimand E,
etal. Virtual reality exposure therapy for social anxiety disorder: a randomized
controlled trial. ] Consult Clin Psychol (2013) 81(5):751. doi:10.1037/a0033559
Tottenham N, Tanaka JW, Leon AC, McCarry T, Nurse M, Hare TA, et al. The
NimStim set of facial expressions: judgments from untrained research partici-
pants. Psychiatry Res (2009) 168(3):242-9. doi:10.1016/j.psychres.2008.05.006
Livingston M, Sebastian J, Ai Z, Decker JW, editors. Performance measure-
ments for the Microsoft Kinect skeleton. In: Virtual Reality Short Papers and
Posters (VRW), 2012 IEEE. Orange County, CA: IEEE (2012). p. 119-20.
Rheinberg F, Vollmeyer R. Flow-Erleben in einem Computerspiel unter
experimentell variierten Bedingungen. Zeitschrift fiir Psychologie/] Psychol
(2003) 211(4):161-70. doi:10.1026//0044-3409.211.4.161

Kim T, Biocca F Telepresence via television: two dimensions of telepresence
may have different connections to memory and persuasion. ] Comput Mediat
Commun (1997) 3(2). doi:10.1111/§.1083-6101.1997.tb00073.x

Weibel D, Wissmath B. Immersion in computer games: the role of
spatial presence and flow. Int ] Comput Games Technol (2011) 2011:6.
doi:10.1155/2011/282345

Weibel D, Wissmath B, Habegger S, Steiner Y, Groner R. Playing online games
against computer-vs. human-controlled opponents: effects on presence, flow,
and enjoyment. Comput Human Behav (2008) 24(5):2274-91. doi:10.1016/j.
chb.2007.11.002

Baker SL, Heinrichs N, Kim H-J, Hofmann SG. The Liebowitz social anxiety
scale as a self-report instrument: a preliminary psychometric analysis. Behav
Res Ther (2002) 40(6):701-15. doi:10.1016/S0005-7967(01)00060-2

Mattick RP, Clarke JC. Development and validation of measures of social
phobia scrutiny fear and social interaction anxietyl. Behav Res Ther (1998)
36(4):455-70. doi:10.1016/S0005-7967(97)10031-6

Amir N, Elias J, Klumpp H, Przeworski A. Attentional bias to threat in
social phobia: facilitated processing of threat or difficulty disengaging
attention from threat? Behav Res Ther (2003) 41(11):1325-35. doi:10.1016/
S0005-7967(03)00039-1

Posner MI. Orienting of attention. Q J Exp Psychol (1980) 32(1):3-25.
doi:10.1080/00335558008248231

Schiller A. Effekte einer Alkoholgabe auf die Informationsverarbeitung bei
sozial phobischen Frauen [Dissertation]. Miinster: University Miinster (2004).
Schofield CA, Johnson AL, Inhoff AW, Coles ME. Social anxiety and diffi-
culty disengaging threat: evidence from eye-tracking. Cogn Emot (2012)
26(2):300-11. doi:10.1080/02699931.2011.602050

Wieser MJ, Pauli P, Weyers P, Alpers GW, Miihlberger A. Fear of negative
evaluation and the hypervigilance-avoidance hypothesis: an eye-tracking
study. ] Neural Transm (2009) 116(6):717-23. doi:10.1007/s00702-008-0101-0

Conflict of Interest Statement: The authors declare that the research was con-
ducted in the absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Copyright © 2015 Urech, Krieger, Chesham, Mast and Berger. This is an open-access
article distributed under the terms of the Creative Commons Attribution License (CC
BY). The use, distribution or reproduction in other forums is permitted, provided the
original author(s) or licensor are credited and that the original publication in this
journal is cited, in accordance with accepted academic practice. No use, distribution
or reproduction is permitted which does not comply with these terms.

Frontiers in Psychiatry | www.frontiersin.org

October 2015 | Volume 6 | Article 154


http://www.frontiersin.org/Psychiatry/archive
http://www.frontiersin.org/Psychiatry/
http://www.frontiersin.org
http://dx.doi.org/10.1037/0033-2909.133.1.1
http://dx.doi.org/10.1016/S0005-7967(96)00109-X
http://dx.doi.org/10.1080/713755991
http://dx.doi.org/10.1007/s10608-008-9205-y
http://dx.doi.org/10.1111/j.1469-7610.2010.02251.x
http://dx.doi.org/10.1037/0021-843X.111.1.107
http://dx.doi.org/10.1037/a0016685
http://dx.doi.org/10.1037/a0016685
http://dx.doi.org/10.1037/a0013445
http://dx.doi.org/10.1037/a0013445
http://dx.doi.org/10.1186/1471-244X-12-66
http://dx.doi.org/10.1007/s10608-011-9374-y
http://dx.doi.org/10.1002/da.22344
http://dx.doi.org/10.1192/bjp.bp.114.146761
http://dx.doi.org/10.1016/j.cpr.2015.06.001
http://dx.doi.org/10.1136/bmj.319.7220.1305
http://dx.doi.org/10.1089/cpb.2005.8.220
http://dx.doi.org/10.3389/fnhum.2014.00112
http://dx.doi.org/10.3389/fnhum.2013.00481
http://dx.doi.org/10.3389/fnhum.2013.00481
http://dx.doi.org/10.1162/105474698565686
http://dx.doi.org/10.1111/j.1083-6101.1997.tb00072.x
http://dx.doi.org/10.1518/001872098779591386
http://dx.doi.org/10.1024/1010-0652.19.3.159
http://dx.doi.org/10.1109/38.888006
http://dx.doi.org/10.1016/S0005-7967(01)00023-7
http://dx.doi.org/10.1016/S0005-7967(01)00023-7
http://dx.doi.org/10.1037/0022-006X.68.6.1020
http://dx.doi.org/10.1089/109493103322011632
http://dx.doi.org/10.1037/a0033559
http://dx.doi.org/10.1016/j.psychres.2008.05.006
http://dx.doi.org/10.1026//0044-3409.211.4.161
http://dx.doi.org/10.1111/j.1083-6101.1997.tb00073.x
http://dx.doi.org/10.1155/2011/282345
http://dx.doi.org/10.1016/j.chb.2007.11.002
http://dx.doi.org/10.1016/j.chb.2007.11.002
http://dx.doi.org/10.1016/S0005-7967(01)00060-2
http://dx.doi.org/10.1016/S0005-7967(97)10031-6
http://dx.doi.org/10.1016/S0005-7967(03)00039-1
http://dx.doi.org/10.1016/S0005-7967(03)00039-1
http://dx.doi.org/10.1080/00335558008248231
http://dx.doi.org/10.1080/02699931.2011.602050
http://dx.doi.org/10.1007/s00702-008-0101-0
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

	Virtual reality-based attention bias modification training for social anxiety: a feasibility and proof of concept study
	Introduction
	Methods
	Participants
	Apparatus
	Intervention
	Self-Report Measures
	Attention Bias Assessment
	Procedure
	Statistical Analyses

	Results
	Discussion
	References


