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Introduction: Enhanced self-focused attention plays an important role in the
maintenance of Social Anxiety Disorder (SAD). Therefore, changing attentional
processes is a major target in cognitive behavioral therapy (CBT) and recent
approaches apply Virtual Reality (VR) behavioral exercises to change these
processes. A promising approach to enhance such VR exposure-based
exercises is implementing eye-tracking-based feedback.

Methods: This experimental study investigates which characteristics of gaze-
related feedback lead to a positive valence and an increase in focused attention
on social stimuli. Additionally, we examine differential effects in low (LSA) vs highly
socially anxious (HSA) individuals. Overall, 50 participants, whowere grouped into
LSA and HSA according to the median split of the SPIN, were instructed to hold
eye contact with virtual agents until they received feedback either in the form of a
smile, a positive tone, or a praise. Furthermore, the required duration of
maintaining eye contact with virtual agents to receive feedback was
manipulated. The feedback variants were evaluated during and after the
experiment via ratings, and participants’ gaze was measured via eye tracking.

Results: Results revealed that the smile feedback was perceived as more pleasant
and elicited more eye contact in a subsequent test phase than the praise, which
was associated with higher valence than the tone. In addition, LSA participants
rated the social feedback variants (smile, praise) as significantly more pleasant
than HSA participants, who showed reduced sensitivity to positive
social feedback.

Discussion: These findings suggest that socially rewarding feedback is more
effective in LSA individuals and may not generalize to those with high social
anxiety. Future research should therefore explore further feedback variants within
individuals with SAD to further refine and optimize VR-based attentional
interventions for enhanced therapeutic outcomes.
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1 Introduction

The main characteristic of SAD is pronounced and persistent
fear, anxiety, or avoidance of social situations with the possibility of
being scrutinized by others or of embarrassment (DSM-5; Falkai,
2018). With a 12-month prevalence of about 2% (Wittchen and
Hoyer, 2011) and a median lifetime prevalence of about 6% (Fehm
et al., 2005) for Europe and a lifetime prevalence of 12%–13%
(Kessler et al., 2005; 2012) in the USA, SAD is one of the most
common mental illnesses. People with SAD suffer from a reduced
quality of life and functional impairments in social domains as well
as severe impairments in school and professional areas of life (Fehm
et al., 2005).

Maintenance of social anxiety has been linked to avoidance
behavior, self-focused attention, safety behaviors, or lack of social
skills (e.g., Rapee and Heimberg, 1997). Furthermore, cognitive
behavioral models on SAD (Clark and Wells, 1995b; Heimberg
et al., 2010; Hofmann, 2007; Rapee and Heimberg, 1997) highlight
the role of distorted attentional focus for the maintenance of the
disorder. If people with social anxiety are in a feared situation, they
show increased self-attention by observing and checking their
appearance and especially their physiological symptoms in detail
(Clark and Wells, 1995). The self-focused attention enhances
perception of one’s own fear reaction and prevents a realistic
processing of the situation and the behavior of others because of
the lack of attention toward the surrounding. Furthermore, affected
individuals draw biased conclusions about how they appear to
others based on internal information such as physical symptoms
of anxiety or distorted thoughts about their observable self (Clark
and Wells, 1995).

The hypervigilance-avoidance hypothesis (Mogg et al., 1987)
proposes external attentional biases to contribute to the
maintenance of social anxiety. This hypothesis postulates an
initial hypervigilance and subsequent avoidance of social threat
cues and some empirical studies support this hypothesis (Bögels
and Mansell, 2004). Recent studies on biased attentional focus using
eye tracking have shown that people with SAD avoid making eye
contact (Hessels et al., 2018; Horley et al., 2003), and looking at
emotional faces (Chen et al., 2015) or faces in general (Moukheiber
et al., 2010). According to these studies making eye contact can be a
major challenge for people with social anxiety (Radke et al., 2013;
Wieser et al., 2009), resulting in impairments in establishing contact
with potential interaction partners.

In addition to attentional biases, people with social anxiety show
deficits in pro-social behavior by not responding appropriately to
their interaction partner. Consequently, they could be evaluated as
less sympathetic, confirming their central fears of being disliked
(Vrijsen et al., 2010). On this basis, the experienced fear is reflected
in nonverbal characteristics such as nervous and restless behavior,
frowning, and a lower emotional mimicry of the interaction
partner’s smile (Heerey and Kring, 2007). All these behaviors
might contribute to the maintenance of social anxiety.

CBT is recommended as the method of choice for the treatment
of SAD according to, e.g., the German S3 guideline (Bandelow et al.,
2021) as well as the British NICE guideline (National Institute for
Health and Care Excellence, 2017), and is widely supported by
current research (e.g., Arch and Craske, 2009; Mayo-Wilson et al.,
2014). A central component of CBT is exposure. During exposure

patients are being confronted with a feared object or situation until
distress has decreased significantly and/or until a violation of
dysfunctional expectancies about the feared object or situation is
reached (Craske et al., 2008). Meanwhile, exposure in virtual reality
(VRE) is increasingly being used, and has become an important
therapeutic instrument for the treatment of SAD (Kampmann et al.,
2016). In their meta-analysis comparing VRE and in vivo exposure,
Wechsler et al. (2019) found a medium effect for the superiority of in
vivo over VR exposure for SAD. In this context, the authors
concluded that a combination of VR exposure with cognitive
elements might be beneficial for the treatment of SAD
(Caponnetto et al., 2021; Emmelkamp et al., 2020; Wechsler
et al., 2019). Accordingly, based on the results of previous meta-
analyses (Chesham et al., 2018; Horigome et al., 2020; Wechsler
et al., 2019) VRE therapy as a stand-alone treatment for social
anxiety still requires optimization.

Based on the current research on the treatment of attentional bias
in social anxiety, treatment approaches based on the cognitive model
by Clark and Wells (1995) and Heimberg et al. (2010) conduct
exposure for social anxiety in the form of experimental tasks,
which are based on modulating the patients’ attentional focus and/
or correcting their dysfunctional beliefs. During such experimental
tasks, the adverse effects of self-focused attention are demonstrated
and subsequently changed to externally focused attention (Clark and
Wells, 1995a). Therefore, certain attentional trainings have already
been established to increase the effects of CBT (e.g., Bögels and
Mansell, 2004; Feiler and Powell, 2016; Wechsler et al., 2021).

In this context, Wechsler et al. (2021) published the first study
on attentional training in combination with VRE, in which socially
anxious individuals trained to change their attentional focus away
from the self to external neutral or social objects during a speech.
Results showed that the virtual attentional training achieved a short-
term reduction in self-reported anxiety measures, body sensations,
and further secondary outcome measures Wechsler et al. (2021).

A further promising approach to optimize attentional trainings
in VR is utilizing eye-tracking-based feedback of overt attention.
This approach has already been investigated in VRE of Specific
Phobias (Wechsler et al., 2023). According to current models the
promotion of focused attention on the phobic stimuli via feedback,
the induction of positive affect, and positive reinforcement during
exposure could enhance fear extinction and inhibitory learning
(Pearce and Mackintosh, 2010; Zbozinek et al., 2015; Zbozinek
and Craske, 2017). Therefore, in social anxiety, promoting a gaze
focus on social cues may target dysfunctional beliefs and reduce self-
focused attention (Feiler and Powell, 2016; Wells and
Papageorgiou, 1998).

To implement gaze-based feedback for treatment of social
anxiety, there is a need to find suitable feedback variants. Several
studies already explored the effectiveness of different types of
feedback such as verbal (e.g., praise, acknowledgment) and non-
verbal feedback (e.g., smiling, nodding) in educational (Hattie and
Timperley, 2007; Wisniewski et al., 2020) and therapeutic contexts
(Del Giacco et al., 2020; Skipper and Douglas, 2012). Smiling is
considered a primary reinforcer due to its evolutionary basis as social
signal that inherently conveys positive emotion and fosters bonding
(Kroczek and Mühlberger, 2023; Ekman et al., 1990; Kraut and
Johnston, 1979). Its effectiveness depends on timing (e.g., Kroczek
and Mühlberger, 2023) and context (e.g., Kohls et al., 2009), therefore
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verbal feedback such as praise is used as a further social reinforcer
(Matyjek et al., 2020). Feedback in form of praise also plays a crucial
role in therapeutic context and is used as reinforcer to promote
desired behavior and therapeutic alliance (Rubel et al., 2015;
Wisniewski et al., 2020). However, with regard to our target group,
it should be noted that both smile and praise are social reinforcers that
could be misinterpreted or perceived as threatening by socially
anxious individuals, which could be associated with a reduction of
the positive reinforcing effect (Gilboa-Schechtman et al., 2014; Gilboa-
Schechtman and Shachar-Lavie, 2013). On this basis, it seems
important to consider non-social feedback such as reinforcing
tones (e.g., Altmeyer et al., 2022; Naal-Ruiz et al., 2022; Yang
et al., 2018). In addition to its use in behavioral experiments (e.g.,
operant conditioning), the clear and precise character of tones is also
used in technological applications (e.g., video games, learning
programs) (Altmeyer et al., 2022; Linderkamp, 2009; Skinner
et al., 1974).

Delay has been considered as a primary determinant of the
effectiveness of a feedback or reinforcer (Lattal, 2010). Several
studies have already investigated the timing of feedback and its
effects on learning and behavior (e.g., Opitz et al., 2011; Smith and
Kimball, 2010). While previous studies typically investigate delayed
feedback after the desired behavior has been performed, our study
involves continuous behavior until feedback is provided.
Consequently, the duration of the required maintenance of eye
contact with virtual agents determinates the delay of the feedback
related to the initiation of eye contact. Considering the attentional
biases of socially anxious individuals, it may be assumed that both
very short and very long delays would lead to less effective
engagement with the feedback. Short delays may not allow
participants enough time to process or fully engage with
feedback, potentially reducing its impact, whereas long delays
might decrease the salience of the feedback, leading to increased
difficulty and anxiety (e.g., Clark and Wells, 1995; Hessels et al.,
2018; Moukheiber et al., 2010). Therefore, a medium delay duration
would establish an optimal balance, providing enough time for
participants to engage with and process the feedback while
maintaining its salience and relevance. Learning theories would
support this view, emphasizing the importance of timely and salient
corrective feedback for optimal expectancy violation and effective
attentional retraining (e.g., Craske et al., 2014; Pittig et al., 2016).

Based on the current state of research on the treatment of social
anxiety, the aim of our broader project is to optimize attentional
training in VR for patients with SAD by implementing eye-tracking-
based feedback. As one important step, the current study attempts to
investigate suitable feedback variants as one central component.
Here, participants’ attentional focus on the instructed social stimuli
(virtual agents) is feedbacked using visual-social (smile), auditory-
social (praise) or auditory non-social (tone) stimuli. Thus, we are
particularly interested in which characteristics of gaze-based
feedback realized via eye tracking lead to a positive experience
and to an increase in focused attention on social stimuli (primary
research questions). Based on the current research (Kohls et al.,
2009; Liu et al., 2021; Matyjek et al., 2020; Rubel et al., 2015), as a
primary hypothesis we assume that the feedback variants differ
significantly from each other in terms of their perceived valence.
Regarding the differences we assume that the smile is perceived as
more pleasant than the tone and the praise. Furthermore, we assume

that the praise is perceived as more pleasant than the tone. In
addition, we expect that the feedback variants differ significantly
from each other in terms of increasing the focus of attention on
social stimuli. The smile leads to a stronger increase in focused
attention on social stimuli than the other feedback variants. Here, we
also assume that the praise leads to a stronger increase in focused
attention on social stimuli than the tone. Furthermore, in regard of
the duration of maintaining eye contact with virtual agents, we
assume that the different durations of maintenance differ
significantly from each other regarding their perceived valence.
We expect that maintaining eye contact for a medium duration
(5.0 s) is perceived more pleasant than for a short (3.0 s) and a long
duration (7.0 s). As the eye-tracking-based feedback of attentional
processes is developed to be used in psychotherapy for SAD, it is of
particular interest whether the effects differ between LSA and HSA
individuals (secondary research question).

2 Materials and methods

2.1 Participants

We included participants between 18 and 65 years with normal
or corrected-to-normal vision (including participants wearing
glasses or contact lenses). Exclusion criteria were self-reported
neurological (e.g., epilepsy, migraine) or mental illnesses (except
SAD) and severe physical impairments. The sample size required to
identify a medium effect size of ηp2 = 0.09 with regard to the main
research question is 52 participants with a power of 1- β = 0.80 to be
achieved (determined for main effect of feedback variant and
alpha = 0.05). As no relevant effect sizes have been reported in
the literature so far, we used previous research on feedback variants
as a reference and assumed a medium effect as relevant outcome.

Participants were recruited through advertisements at the
university of Regensburg. Overall, 53 adults participated in the
study. All gave written informed consent and psychology
students received credit points for participation. The
experimental procedure was approved by the ethics committee of
the University of Regensburg (Reference number: 23-3376-101).

A total of three participants had to be excluded due to too many
missing items in the questionnaires (n = 1) or due to technical
problems during the experiment (n = 2). The remaining
50 participants were included in the analyses (mean age =
25.53 years, SD = 7.01, range 19–64, 36 female). For the gaze
data analysis two additional data sets had to be excluded because
of missing data (n = 48).

Regarding our secondary research question whether the effects
differ between LSA and HSA individuals a screening instrument for
social anxiety (Social Phobia Inventory; SPIN; Stangier and Steffens,
2002) was used to divide the sample into two groups by median split
(median = 17). This resulted in a group of LSA (SPIN mean = 9.67,
SD = 3.12, n = 24) and a group of HSA individuals (SPIN mean =
25.74, SD = 7.78, n = 26). Although the preregistration had suggested
a cutoff score of 19 for distinguishing individuals with elevated social
anxiety, we opted for a median split to ensure equal group sizes
within our non-clinical sample. This approach also allowed us to
contextualize the suggested threshold score, as the observed median
was close to the recommended cutoff.
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2.2 Study design

This study was conducted in the lab of the Department of
Psychology, Clinical Psychology and Psychotherapy, at the
University of Regensburg and implemented as within-subject
design with the experimental factors feedback variant (smile vs
tone vs praise), and maintenance (short vs medium vs long), and
the between-subject factor social anxiety (LSA vs HSA). Participants
had to engage in a social interaction with a virtual agent by
maintaining eye contact for 3.0, 5.0, or 7.0 s (manipulated as
factor maintenance). After holding eye contact for the full
amount of time, participants received feedback: either a smile, a
tone, or a praise. All combinations of feedback variants and
maintenance durations occurred a total of twelve times each.
Ratings of valence and arousal elicited by the feedback variants
were measured as dependent variables. All measurements, statistical
models, hypotheses, and the procedure of this study were
preregistered prior to creation of data (https://doi.org/10.17605/
OSF.IO/PRB3Z).

2.3 Apparatus and materials

The virtual environment was generated using the Unreal Game
Engine (v 4.27, Epic Games, Raleigh, United States) and Blender (v
2.79). A virtual room based on a seminar room at the University of
Regensburg was created. Two male and two female virtual agents
were created using the MetaHuman Plugin (Epic Games, Raleigh,
United States). The gender of the virtual agents was systematically
varied across blocks: all participants encountered male agents in
block one and three, and female agents in block two. The virtual
agents were animated sitting on a chair at a round table with a
neutral facial expression. They were scripted to look around and to
direct their gaze toward the participant as soon as the participant
makes eye contact. Participants were immersed into VR via a head-
mounted display (HMD, Vive Pro Eye, Taoyuan, Taiwan). The HTC
Vive motion controller was used for the ratings. The distance
between the participants and the right and the left virtual agent
was the same in each case. A black cross straight ahead on the wall in
front of the participants served as fixation cross. Participants’ gaze
behavior was measured continuously via eye tracking. To trigger the
feedback mechanism, a pre-defined target area had to be focused by
the participants for a pre-specified amount of time. This target area
was centered around the eyes of the agents concerning the eye region
up to the eyebrows and nose (size: 21.5 cm × 26 cm × 10 cm). To
initiate eye contact participants had to gaze on the agents’ eye region
for a minimum of 0.3 s. From that time on the total time of eye
contact was measured. After a dwell time of either 3.0, 5.0 or 7.0 s
(maintenance) feedback was given. However, if the participants shift
their gaze away (e.g., look at the body of the agent or environment)
for more than 0.5 s during the maintenance period, the agent looked
away and eye contact had to be made and maintained again for the
full amount of time.

Based on previous research, we chose visual social feedback in
the form of a smile realized by the focused virtual agent. For auditory
social feedback, a praise was chosen. The praise consisted of the
recording of a male voice (“very good”), which was played through
the headphones from the background (off), rather than being

spoken by the virtual agent. As non-social feedback we decided
to use a positive tone. On the basis that evaluation of sounds can
depend on individual preferences (e.g., Liu et al., 2021; Schäfer et al.,
2013), sounds with a positive connotation according to the literature
(Altmeyer et al., 2022; Naal-Ruiz et al., 2022; Yang et al., 2018) were
rated by eight researchers in regard of their valence. Finally, we
decided to use the sound effect “positive bell” by Altmeyer et al.
(2022), which was also sounded from the off.

2.4 Measures

Before the start of the experiment, demographic data (e.g., sex,
age, deployment, or study program), and severe physical
impairments were collected via self-report. Social anxiety was
measured using the Social Phobia Inventory (SPIN, Connor
et al., 2000, German version; Stangier and Steffens, 2002) and the
Social Interaction Anxiety Scale (SIAS; Mattick and Clarke, 1998;
German version: Heinrichs et al., 2002).

Besides these self-reported measures, participants’ attentional
focus was measured in its frequency and duration (dwell-time)
during the experiment via eye tracking. Therefore, an eye tracker
integrated into the HMD (HTC Vive Pro Eye) was used. Gaze data
was recorded with a custom-built Unreal Engine plugin developed at
our department using the SRanipal SDK (HTC Vive) and
interpreted with regard to predefined regions of interest (ROIs)
in the virtual environment. ROIs included the virtual agents’ eye
areas, the heads, and the bodies below the heads of the virtual agents,
and the rest of the virtual environment (nonsocial stimuli, e.g.,
fixation cross, table, mobile phone, wall). Furthermore,
electrodermal activity was recorded but is not in the focus of
this study.

To measure the perceived valence and arousal of the different
feedback variants, the Self-Assessment Manikin (SAM, Bradley and
Lang, 1994) was used both during the experiment (online affect
ratings) and after the experiment (post training affect ratings).While
the online affect ratings refer to the evaluation of the combination of
feedback variant and duration of maintaining eye contact (e.g., “How
pleasant did you find the last feedback?”/“Wie angenehm empfanden
Sie das letzte Feedback?”), the individual feedback variants and
durations of maintaining eye contact were evaluated separately in
the post training affect ratings (e.g., “How pleasant did you find the
tone after making eye contact?”/“Wie? angenehm haben sie den Ton
im Anschluss an ihren Blickkontakt empfunden?”). Ratings were
given on a 9-point Likert-scale ranging from 1 (low arousal, highly
unpleasant) to 9 (high arousal, highly pleasant). The online affect
ratings occurring directly after feedback, measured perception of the
feedback variants directly in the current moment and enabled an
assessment and analysis of the interaction between feedback variant
and duration of maintenance of eye contact. Therefore this measure
is primarily used to answer the research questions. The post training
affect ratings allow a more distanced (and prompted) evaluation in
retrospect and reflect an overall assessment that can be taken into
account when interpreting the results.

After the experiment, physical and social presence were assessed
by the Multimodal Presence Scale (MPS; Makransky et al., 2017;
German version; Volkmann et al., 2018) and affective state by
adaptive versions of the Brief Measure of Positive and Negative
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Affect (PANAS; Watson et al., 1988; German version; Breyer and
Bluemke, 2016) referred to how the participants feel about the
different feedback variants in retrospect. While asking
participants to consider the appropriateness of the feedback
variants within a therapeutic intervention (attentional training in
virtual social situations), a 9-point Likert scale ranging from 1 (not at
all suitable) to 9 (very suitable) was used. At the end, participants
had the opportunity to note comments relating to the experiment.
Table 1 displays sociodemographic, health, and presence in VR
characteristics for the analysis sample of 50 participants.

2.5 Procedure

Before the start of the experiment, informed written consent was
given and questionnaires on demographic data and social anxiety
were filled in. To increase familiarity with the rating procedure, the
SAM and its included images were shown and explained to the
participants. The experiment consisted of a total of three blocks of
36 trials each. There were breaks of self-determined length
between blocks.

At the beginning of the VR-scenario participants had 2 minutes
to visually explore the virtual environment and familiarize
themselves with the VR motion controller, which was exclusively

used for providing ratings. This familiarization phase did not involve
physical movement but allowed participants to look around the
virtual room while seated on a chair. After familiarization with the
VR environment, participants’ eyes were individually calibrated for
the eye tracking system to ensure optimal conditions for the gaze-
based feedback. Following the calibration phase, participants
received further instructions via the display or the headphones.
Within the VR-scenario participants found themselves in a virtual
room, sitting in a triangle with two virtual agents around a round
table (Figure 1a).

Using an introductory instruction on the HMD, for which the
participants could take as much time as necessary, the task of the
following experiment was explained to the participants again. The
instruction was followed by an acoustic request via headphones to
direct the gaze to the fixation cross. After 2 seconds of focusing on
the cross, the actual experiment began. Gaze instructions (“eye-
contact with person on the right/left”), feedback variants (smile, tone,
praise), and duration of maintenance (short, medium, long)
followed a balanced randomized trial procedure. Before the
beginning of the first trial, an idle time of 6 seconds served as a
baseline survey of spontaneous gaze behavior of the participants,
after which the first gaze instruction began. The participants were
then instructed to make and maintain eye contact with the right or
left person until feedback is given. One of the three feedback variants

TABLE 1 Sociodemographic, health, and VR-related characteristics for the analysis sample.

Sample characteristics HSA (n = 26) LSA (n = 24) Fa/X2/FE p

Sociodemographic variables

Female, sex, n (%) 20 (77) 16 (67) 1.65 0.420

Age, M (SD) years 25.69 (8.87) 25.61 (4.63) 0.00 0.968

General qualification for university entrance, n (%) 25 (96) 22 (92) 3.12 0.211

University degree 8 (31) 12 (50) 2.11 0.551

Other 18 (69) 12 (50)

Study course, n (%)

Psychology 13 (50) 15 (63) 2.10 0.350

Other 13 (50) 9 (37)

Visual aid, n (%) 15 (58) 16 (67) FE 0.570

Is carried, n (%) 8 (31) 6 (14) FE 0.757

Mental health variables

SPIN, M (SD) 25.74 (7.78) 9.67 (3.12) 74.98 < 0.001

SIAS, M (SD) 28.12 (12.16) 15.50 (6.26) 20.59 < 0.001

VR-related variables

MPS: Physical Presence, M (SD) 2.87 (0.66) 2.60 (0.76) 1.77 0.190

MPS: Social Presence, M (SD) 2.64 (0.74) 2.37 (0.87) 1.42 0.239

Note. The table displays mean values (M) and standard deviations (SD) for metric variables and absolute (n) and relative (%) frequencies for categorial variables. F-values and p-values from

ANOVA conducted to examine group differences in metric variables, and X2-values and p-values from chi-square-test, or p-values from Fisher’s exact tests (FE), both conducted to examine

group differences in categorial variables.
aDegrees of freedom (1, 49).

SPIN, social phobia inventory; SIAS, social interaction anxiety scale; MPS, multimodal presence scale.
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(smile, tone, or praise) occurred after a maintenance duration of 3.0
(short), 5.0 (medium) or 7.0 s (long). After the feedback presentation
it always took 6.0 s until the next trial started. During this period the
spontaneous gaze behavior of the participants was recorded again
via eye tracking, while, gaze behavior of the virtual agents was
independent of the gaze behavior of the participants, i.e., agents
randomly looked around. Every trial started with an instruction to
look at the fixation cross followed by the procedure described above.
Per block, a total of nine ratings (online affect ratings) of valence and
arousal elicited by the previous feedback trail were assessed
(Figure 1b, see demo video 10.6084/m9.figshare.28914335).

After the three blocks were completed, participants were asked to
fill out a questionnaire on social and physical presence. To additionally
assess the affect in retrospect, for each individual feedback variant and
maintenance duration valence and arousal were assessed (post training
affect ratings) and the participants’ positive and negative affect in

regard of the feedback variants was assessed in retrospect using the
PANAS. After the appropriateness of the feedback variants for further
therapeutic interventions has been assessed, some general questions
and comments related to the experiment were answered. The total
duration of the experiment was about 65 min.

3 Statistical analyses

All statistical analyses were performed using SPSS 29 (IBM). The
α-level was set to 0.05. All measures were analyzed using repeated
measurement ANOVAs with feedback variant (three levels: smile,
tone, praise) and maintenance (three levels: short, medium, long) as
within-subject factors and social anxiety (two levels: LSA, HSA) as
between-subject factor. In case of significant main effects of feedback
variant or maintenance, pairwise comparisons were calculated. In

FIGURE 1
VR environment and study procedure including illustration of feedback variants. (a) VR scenario with twomale virtual agents sitting at a round table.
Participant is in the process of maintaining eye contact with the agent on the left. (b) Procedure of trials. After looking at the fixation cross for 2.0 s
participants get the instruction to make eye contact with one of the virtual agents. After a duration of 3.0 (short), 5.0 (medium), or 7.0 (long) s of
maintaining eye contact one of the three feedback variants (smile, tone, or praise) was given. This illustration includes valence and arousal ratings
(only presented in nine trials). Before the next trial starts, 6.0 s of free viewing time serve to measure spontaneous gaze behavior.
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case of significant interaction effects of feedback variant x
maintenance, post hoc t-tests (paired) were conducted, and in
case of effects involving the factor social anxiety additional
independent sample t-tests were conducted to check for group
differences. Furthermore, ANOVAs were conducted separately
for LSA and HSA individuals to check for significant differences
between the feedback variants, and maintenance durations
separately in both groups (in addition to our preregistration).

Violations of sphericity were corrected using Greenhouse-
Geisser correction. If the Levine test indicated inhomogeneity of
variances, corrected values for independent-sample t-test following
the Welch correction were reported. For the t-tests, Cohen’s d was
calculated as effect size (interpretation: d ≥ 0.20 as small, d ≥ 0.50 as
medium, and d ≥ 0.80 as large). For repeated measures ANOVAs,
partial eta squared served as effect size (interpretation: ηp2 > =
0.01 as small, ηp2 > = 0.06 as medium, and ηp2 > = 0.14 as large).

In terms of measuring participants’ attentional processes, the
6 seconds of free viewing time at the beginning of the experiment
served as baseline measurement. Mean fixation duration was
calculated for social and non-social environment and served as
reference value (see Supplementary Text S1). For each measurement
of fixation duration after receiving feedback the difference to the
baseline was calculated.

4 Results

4.1 Affect ratings

4.1.1 Online valence ratings
The overall valence of the feedback variants was moderate

(M = 5.87, SD = 1.32; total range: 1–9) (Supplementary Table S1).
Descriptively, online valence ratings were higher for both social
feedback variants (smile and praise) than for the non-social
variant (tone) and were higher for LSA than for HSA
individuals, while valence ratings did not show any descriptive
differences across durations of maintenance (short, medium, and
long) (Figures 2a,b).

A mixed ANOVA with the factors feedback variant,
maintenance, and social anxiety resulted in a significant main
effect of social anxiety, F (1,48) = 4.78, p = 0.034, ηp2 = 0.09, and
significant interaction effects of feedback variant x social anxiety, F
(1.65, 79.35) = 4.86, p = 0.015, ηp2 = 0.09, and feedback variant x
maintenance, F (3.45, 165.78) = 2.65, p = 0.043, ηp2 = 0.05. There
were no significant main effects of feedback variant (p = 0.081) and
maintenance (p = 0.803), and no significant interaction effect
between maintenance x social anxiety (p = 0.989) (see
Supplementary Table S2).

FIGURE 2
Online and Post training valence ratings. Means and standard errors (indicated by error bars) of online (a, b) and post (b, c) valence ratings assessed
using the SAM-subscale ranging from 1 (negative) to nine (positive), separately for group (HSA, LSA), feedback variants (a, c), and maintenance durations
(b, d). Note: All relevant effects were tested using mixed ANOVAS for both online (a, b) and post (b, c) valence ratings; only statistically significant effects
are indicated in the figure.
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Concerning the significant main effect of social anxiety and to
follow-up on the interaction of feedback variant x social anxiety, post
hoc t-tests (independent) between HSA and LSA for each feedback
variant were conducted. Results revealed significantly higher valence
values in LSA than in HSA individuals for the smile, t (48) = 2.95, p =
0.005, d = 0.82, and praise, t (48) = 2.02, p = 0.049, d = 0.57, but not
for the tone, t (48) = 0.47, p = 0.642, d = 0.13. Additionally, post hoc
t-tests within LSA showed that the tone was perceived as less
pleasant than the smile, t (23) = 4.34, p < 0.001, d = 0.89, and
the praise, t (23) = 2.63, p = 0.015, d = 0.54, by LSA individuals.
Within HSA individuals no significant differences between the
feedback variants have been found (p > 0.620).

Post-hoc t-tests to follow-up on the interaction of feedback
variant x maintenance revealed that the tone was rated more
pleasant after a long than after a medium maintenance duration,
t (49) = 2.55, p = 0.014, d = 0.23. Furthermore, for medium
maintenance duration of eye contact the praise was rated as
more pleasant than the tone, t (49) = 3.86, p < 0.001, d = 0.57.
For all other variables, no significant differences were found
(Figure 3) (see Supplementary Tables S3 and S4).

In summary, LSA perceived the social feedback variants (smile
and praise), but not the non-social variant (tone), as significantly
more pleasant than HSA individuals. Significant differences between
the smile and the tone as well as the praise and the tone were only
observed within the LSA group.

4.1.2 Online arousal ratings
Overall, the online arousal values regarding the feedback during

the experiment were quite low (M = 3.35, SD = 1.54; total range: 1–9)
(see Supplementary Table S1). Descriptively, the feedback variants
seem to differ from each other as well as LSA show lower arousal

values than HSA individuals, but not depending on the feedback
variant (see Supplementary Figures S1a,b). No differences are
obvious for the maintenance duration.

A mixed ANOVA with the factors feedback variant,
maintenance, and social anxiety was conducted with respect to
the arousal ratings during the experiment. There was a
significant main effect of feedback variant, F(1.32, 96) = 20.33,
p < 0.001, ηp2 = 0.30, but no main effect of maintenance (p = 0.158)
and social anxiety (p = 0.355), and no interaction effect between
feedback variant x maintenance, feedback variant x social anxiety,
maintenance x social anxiety, and feedback variant x maintenance x
social anxiety (all ps > 0.390) (Supplementary Table S2).

In regard of the main effect of feedback variant, post hoc pairwise
comparisons showed significantly greater arousal elicited by the
smile compared to the praise, t (48) = 13.57, p < 0.001, d = 0.68, and
the tone, t (48) = 4.30, p < 0.001, d = 0.61. Between the praise and the
tone, there was no significant difference (p = 0.458).

In summary, arousal was rated lowest for the tone, higher for the
praise and highest for the smile. The maintenance duration of eye-
contact as well as group membership (LSA vs HSA) did not
influence arousal ratings.

4.2 Post training affect ratings

The following results refer to the SAM-Ratings assessed after the
intervention (post training affect ratings). In contrast to the online
affect ratings, the individual feedback variants and maintenance
durations were prompted and assessed separately. Therefore, these
factors will be analyzed separately (no interactions of the two factors
can be analyzed).

FIGURE 3
Online valence ratings: feedback variant by maintenance. Means and standard errors (indicated by error bars) of the perceived valence independent
of social anxiety. Perceived valence was assessed using the SAM-subscale ranging from 1 (negative) to nine (positive).
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4.2.1 Post training valence ratings
The valence ratings at post training were moderate (M = 6.19,

SD = 1.54, total range: 1–9) (see Supplementary Table S5). Figures
2c,d display that valence ratings descriptively differ both between the
feedback variants and the maintenance durations. In regard of the
social feedback variants (smile, and praise) the valence values of LSA
tend to be descriptively higher than those of HSA individuals.

A mixed ANOVA with the factors feedback variant and social
anxiety was conducted. Results revealed a significant effect of
feedback variant, F (2,98) = 5.90, p = 0.004, ηp2 = 0.12, but no
significant main effect of social anxiety (p = 0.162). The interaction
between feedback variant x social anxiety missed significance (p =
0.063) (Supplementary Table S2). Pairwise comparisons were
calculated to follow up on the main effect of feedback variant.
The smile and the praise were both rated as more pleasant than
the tone, t (49) = 2.67, p = 0.005, d = 0.37; t (49) = 2.29, p = 0.10, d =
0.33, respectively. Between the smile and the praise there was no
significant difference (p = 0.181).

Moreover, an ANOVA with the factor maintenance and social
anxiety was conducted. The analysis revealed a significant main
effect of maintenance, F (2,98) = 28.03, p < 0.001, ηp2 = 0.45, but no
main effect of social anxiety (p = 0.124), and no significant
interaction between maintenance x social anxiety (p = 0.246)
(Supplementary Table S2). To follow up the main effect of
maintenance, pairwise comparisons showed that the short and
the medium maintenance durations were perceived as more
pleasant than the long maintenance, t (49) = 6.11, p < 0.001, d =
0.86; t (49) = 2.67, p = 0.005, d = 0.37. Furthermore, the medium
maintenance was rated as more pleasant than the long maintenance
duration, t (49) = 5.45, p < 0.001, d = 0.73. Further exploratory
analyses are reported in Supplementary Texts S2 and S3.

In summary, we found significant differences between the
feedback variants and maintenance durations independent of
social anxiety. The smile was perceived as most pleasant,
followed by the praise, and the tone. Feedback, which appeared
after a short duration of maintenance of eye contact was perceived as
most pleasant in retrospect, followed by the medium, and the long
maintenance duration. In contrast to the online valence ratings no
group differences were found.

4.2.2 Post training arousal ratings
The post training rated arousal elicited by the feedback variants

and the maintenance durations was as well at a low level (M = 4.15,
SD = 1.99; range 1–9). Independent of social anxiety, differences
between the feedback variants can descriptively be recognized (see
Supplementary Figures S1; Supplementary Table S5).

To check for significant differences between the feedback
variants, arousal ratings were analyzed using a mixed ANOVA
with the factors feedback variant and social anxiety. The ANOVA
revealed a significant main effect of feedback variant, F (2, 98) =
12.86, p < 0.001, ηp2 = 0.21, but no significant main effect of social
anxiety (p = 0.324) or interaction between feedback variant x social
anxiety (p > 0.671) (see Supplementary Table S2). Pairwise
comparisons were calculated to follow up on the main effect of
feedback variant. Results revealed higher arousal values for the smile
compared to the tone, t (49) = 4.47, p < 0.001, d = 0.63, and the
praise, t (49) = 3.41, p = 0.001, d = 0.48. There were no significant
differences between the tone and praise (p = 0.10).

In addition, a mixed ANOVA with the factors maintenance and
social anxiety was conducted. There was a significant main effect of
maintenance, F (2,98) = 3.71, p = 0.028, ηp2 = 0.07, but no significant
main effect of social anxiety (p = 0.231) or maintenance x social
anxiety interaction (p = 0.999) (see Supplementary Table S2).
According to the results of the pairwise comparisons, the short
maintenance duration elicited higher arousal values than the
medium maintenance duration, t (49) = 3.20, p = 0.001, d =
0.45. Between the short and long maintenance duration as well
as the medium and long maintenance duration, there were no
significant differences (all ps > 0.103).

In summary, the highest arousal was elicited after receiving the
smile compared to the tone and the praise. According to the
participants’ post training affect ratings, they indicated more
emotionally arousal after a short than after a medium duration
of maintaining eye contact with virtual agents.

4.3 Appropriateness for attention trainings

After the training, participants were asked to consider the
appropriateness of the feedback variants within a therapeutic
intervention. A mixed ANOVA of the ratings with the factors
feedback variant and social anxiety was conducted and revealed a
significant main effect of feedback variant, F (2, 98) = 20.84, p <
0.001, ηp2 = . 30, but no significant effects including the factor social
anxiety (all ps > 0.590).

Paired t-tests showed higher appropriateness values for the smile
in comparison to the tone, t (49) = 5.51, p < 0.001, d = 0.81, and the
praise, t (49) = 2.60, p = 0.012, d = 0.36. Also, the praise has been
considered as more appropriate than the tone, t (49) = 4.16, p <
0.001, d = 0.58 (see Supplementary Table S6).

In summary, the participants (independent of social anxiety)
would prefer the social feedback variants for therapeutic
interventions, with smiling being rated most appropriately.

4.4 Positive and negative affect

We additionally examined differences in participants’ positive
and negative affective responses in regard to the different feedback
variants after the experiment. To check for significant differences
between the feedback variants and between HSA and LSA, a mixed
ANOVA with the factors feedback variant and social anxiety was
conducted for positive affect (PA) and negative affect (NA).

The ANOVA for PA revealed a significant main effect of
feedback variant, F (2, 98) = 3.30, p = 0.041, ηp2 = 0.06. No
significant effects including the factor social anxiety were found
(all ps > 0.641). To follow up on the main effect of feedback variant,
post hoc t-tests were conducted. For PA paired t-tests showed higher
values for the smile than for the tone, t (49) = 2.11, p = 0.020, d =
0.30. Between the tone and the praise, there were no significant
differences (p > 0.430).

The ANOVA for NA revealed a significant main effect of
feedback variant, F (2, 98) = 4.76, p = 0.011, ηp2 = 0.09, and a
significant interaction between feedback variant x social anxiety, F
(2, 98) = 3.35, p = 0.039, ηp2 = 0.06, but no significant main effect of
social anxiety (p = 0.311).
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To follow up on the interaction effect, independent sample
t-tests were conducted. Results revealed a significant difference
between LSA and HSA individuals regarding the smile feedback,
t (48) = 1.89, p = 0.030, d = 0.53, with higher negative affect values
for the smile within HSA. Groups did not differ significantly from
each other in regard of the other feedback variants (all ps > 0.340)
(see Supplementary Table S7).

In summary, PA in relation to the feedback variants was rated
highest for the smile followed by the praise, and the tone.
Interestingly, for the smile feedback HSA reported higher NA
than LSA individuals.

4.5 Attentional processes

To investigate whether there was an increase in focused
attention on virtual agents’ eye-areas after receiving feedback, an
ANOVA for fixation duration with the factors feedback variant and
social anxiety revealed a significant effect of feedback variant, F
(2,92) = 5.58, p = 0.007, ηp2 = 0.11, but no significant effect of social
anxiety and no significant interaction between feedback variant x
social anxiety (all ps > 0.650). To follow up on the main effect of
feedback variant, post hoc t-tests were conducted, which showed that
receiving the smile after maintaining eye contact elicited more eye
contact with virtual agents directly after the feedback than the tone
and praise, t (47) = 2.84, p = 0.007, d = 0.41; t (47) = 2.83, p = 0.007,
d = 0.41. There were no significant differences between the tone and
the praise (p = 0.826) (Figure 4).

5 Discussion

Within this study, we investigated which characteristics of eye-
tracking-based feedback of attentional processes lead to a positive

valence and to an increase in focused attention on social stimuli.
Additionally, it was of interest whether the effects differ between
individuals with low and higher social anxiety. The sample, which
was divided into two groups regarding social anxiety, had to engage
in a social interaction with virtual agents by making eye contact and
maintaining that eye contact for a pre-specified amount of time. By
constantly directing the focus of attention to the eye region of the
virtual agent, feedback was automatically triggered. The results of
this study inform about attentional processes and serve as indication
to choose an eligible feedback variant for further implementing an
attentional training with eye-tracking-based feedback of attentional
processes in VR for people with SAD.

5.1 Summary and interpretation of
main results

The results of the main outcome, the online valence ratings,
revealed a significant interaction between feedback variant and
social anxiety. Therefore, LSA individuals perceived the social
feedback variants (smile, and praise), but not the non-social
variant (tone) as more pleasant than HSA. Thus, the valence
values for the smile, and the praise as feedback were higher for
LSA than HSA individuals. The lower valence values of HSA
individuals regarding the social feedback variants are in line with
the affective-reactivity-hypothesis, which claims that socially
anxious individuals, compared to individuals with low social
anxiety, respond more negatively to positive stimuli (e.g., smiles)
and positive events (e.g., positive feedback) (Alden et al., 2008;
Gilboa-Schechtman et al., 2014; Gilboa-Schechtman and Shachar-
Lavie, 2013). These findings can also be supported by the results of
our exploratory analyses of the post training valence ratings (see
Supplementary Text S2) as well as the results of the PANAS
questionnaire on NA. Here, the smile feedback was perceived as

FIGURE 4
Attention to eye region of virtual agents. Mean fixation duration (in ms) during free viewing period of 6 seconds after feedback is shown for LSA and
HSA individuals. Error bars indicate standard errors (indicated by error bars).

Frontiers in Virtual Reality frontiersin.org10

Schmidt-Peter et al. 10.3389/frvir.2025.1556898

https://www.frontiersin.org/journals/virtual-reality
https://www.frontiersin.org
https://doi.org/10.3389/frvir.2025.1556898


more pleasant by LSA compared to HSA individuals, whose NA
scores were higher regarding the smile feedback. Reduced
pleasantness of social feedback variants in socially anxious
individuals is consistent with previous research on social anxiety
(e.g., Clark and Wells, 1995; Gilboa-Schechtman et al., 2014;
Hayward et al., 2018), however our results were obtained in a
different setting, feedback was triggered by one’s own behavior
and was intended to serve as a positive reinforcer. Finally, these
results are also in line with the assumption of fear of positive
evaluation in socially anxious individuals (Kashdan and Collins,
2010; Weeks and Howell, 2014) in addition to the typical
characteristic of fear of negative evaluation in social anxiety (see
Clark andWells, 1995). Assuming that both the smile and the praise
could be interpreted more as positive social evaluation than a tone,
then the social feedback variants could be associated with more
distress for HSA individuals. Thus, fear of positive evaluation should
also be considered when selecting an eligible feedback variant for
attentional training for individuals with SAD.

In addition to the observed interaction effect between feedback
variant and social anxiety, follow-up analyses revealed that
significant differences between feedback variants (smile and tone,
praise and tone) were only present within the LSA group, while no
such differentiation emerged within the HSA group. Given that the
LSA group can be considered a normative baseline in terms of
emotional processing of feedback, the lack of variation in the HSA
group is particularly informative. These findings suggest that
individuals with high social anxiety may perceive feedback as
generally less pleasant in the context of socially demanding
situations and/or may feel generally observed and scrutinized by
the feedback itself, which leads to increased discomfort (e.g., Falkai,
2018; Gilboa-Schechtman et al., 2014). This uniformity in valence
ratings within HSA individuals highlights the importance of
carefully selecting feedback variants for attentional training in
this population. Therefore, future research is needed, on the one
hand, to systematically examine a broader range of feedback variants
(e.g., positive feedback-symbol combined with tone and praise)
within HSA individuals, and on the other hand, to examine
whether the same undifferentiated rating pattern can be
confirmed in this group.

While the online valence ratings revealed no main effect of
feedback variant, such an effect could be found in the post training
valence ratings. The ratings conducted after the experiment may
reflect the overall impression of the participants with regard to the
feedback variants and could be affected by request, social
desirability, or memory biases. Nevertheless, it should be
mentioned that in line with our expectations, the smile feedback
was perceived as most pleasant, followed by the praise, and finally
the tone. While smile and praise are clear positive social reinforcers
(Kircher, 2019; Wittchen and Hoyer, 2011), the perception and
evaluation of tones can differ between individuals (e.g., Ansorge and
Leder, 2011). Looking at the range (2–8) of the valence ratings of the
tone, interpersonal differences can be assumed. While some
participants described the tone as annoying and monotonous,
others described it as clearly pleasant. Accordingly, selecting a
tone that also addresses both genders equally is a major
challenge. Based on the assumption that a positive tone could be
used very well for attentional trainings due to its conciseness (Kopp
and Mandl, 2014) and that it would represent a valid alternative for

social feedback variants, future research should take a closer look at
testing further tones. The preference for smile feedback may also be
explained by differences in modality and source localization. While
the smile was directly displayed on the virtual agent and thus
perceived as an immediate social response, the praise and the
tone were presented via headphones from an external source,
with no link to the agent. This lack of spatial anchoring may
have reduced their perceived valence, especially in a VR setting
focused on visual attention.

As we are interested in the characteristics of eye-tracking-based
feedback, we should also consider the results concerning the
duration of maintenance of eye contact, which determines the
timing of the feedback. According to the online affect ratings,
contrary to our expectations participants did not notice any
differences between the short, medium, and long duration of
maintaining eye contact. In contrast, the exploratory retrospective
evaluation of the participants showed that maintaining eye contact
with virtual agents for a short duration, respectively receiving
feedback after 3.0 s, was perceived as more pleasant than the
medium and long duration of maintenance. The latter was
associated with the lowest valence values. The fact that receiving
feedback after a short duration of maintaining eye contact was
perceived as most pleasant is in line with previous research, which
claims that immediate feedback leads to greater certainty and sense
of agency compared to long-delayed feedback (Wen, 2019).
Especially for socially anxious individuals, waiting for feedback
could lead to uncertainty and doubts as to whether the task has
been carried out correctly. Due to the pronounced avoidance
behavior (e.g., Clark and Wells, 1995) and the difficulty in
making and maintaining eye contact in socially anxious
individuals (e.g., Hessels, 2018), it is plausible that the long
duration of maintaining eye contact was associated with
increased difficulty and consequently discomfort (Kopp and
Mandl, 2014). Of course, the question arises at this point why no
differences between the maintenance durations were found in the
online affect ratings. While the post training valence ratings
explicitly assessed the individual durations of maintaining eye
contact with virtual agents, the online ratings were a more
implicit evaluation of the durations, as the participants were not
explicitly asked about. It can therefore be assumed that the
participants did not notice any major differences in the duration
during maintaining eye contact with virtual agents. Since there are
also no differences between HSA and LSA individuals, the duration
of maintaining eye contact could be chosen flexibly with regard to
the exposure rationale.

Furthermore, we investigated which feedback variants lead to an
increase in focused attention on virtual agents. Even though there
were no differences between LSA and HSA, we found significant
differences between the feedback variants. Consequently, and in line
with our hypotheses, participants showed significantly more eye
contact with virtual agents directly after receiving the smile
compared to the praise and the tone. As the smile feedback is
visual and came directly from the virtual agent, this feature could
have led to an increase in focused attention compared to the
auditory variants, which were sounded from the off. Because
attention towards social cues is a main goal of the treatment of
social anxiety, implementing feedback associated with the target
might be helpful. The attention towards the eye regions of virtual
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agents was very similar between HSA and LSA. Here, we assume that
the lack of differences between HSA and LSA individuals could be
explained by the learning rate and change of expectancy during the
experiment. The total of 108 trials always followed the same pattern,
so that the participants could relatively quickly learn that nothing
serious happens either during the eye contact or the free viewing
period of 6 seconds.

On the basis that we are looking for an eligible feedback variant
for subsequent attentional training in VR for people with SAD, our
participants were asked to evaluate the appropriateness of the
feedback variants for such training in the context of a
performance situation (giving a speech). In accordance with the
(post training) valence ratings, most participants preferred the smile
feedback. Nevertheless, this result should be viewed with reservation
and only as an initial estimation. Our participants became familiar
with the feedback variants in the context of a social interaction with
making eye contact, and only had to imagine an attentional training
in the context of a speech to evaluate the suitability of the feedback
variants. Even if we are looking for a feedback variant that is suitable
for virtual attentional training in various situations, it should be
noted that feedback in our paradigm could have had a different
effect than, for example, during a speech.

5.2 Limitations

As one important limitation, technical problems with the eye
tracker in a total of six participants should be mentioned. Although
these participants made eye contact with the instructed agent and
did not avoid it, the fixation measured via eye tracking was
sometimes not immediately recognized (M = 3.5 times per
block), so that the process of making eye contact and receiving
feedback consequently took longer. Based on the results of the online
valence ratings on the interaction between feedback variant and
maintenance, it can be assumed that the evaluation of the feedback
variants was largely unaffected by this problem (see Figure 3). In
contrast, the perceived duration of maintaining eye contact of these
participants could have been influenced by this limitation, especially
the long duration of 7.0 s could have been perceived as even longer.
In summary, we assume that the predefined area (eye region of the
virtual agent up to the eyebrows and nose) was defined a little too
strictly, so it could make sense, to extend the hitbox surrounding the
eye regions of the virtual agents to the entire head in subsequent
experiments, so that the gaze of the participants is recognized as
such without error.

Secondly, when participants averted their gaze during the
fixation period, they were instructed (via headphones) to not
look away and to fixate on the agent again (see Supplementary
Text S6). Such information can lead to insecurity, especially for HSA
individuals, or even be perceived as punishment. Since this study is
investigating approach feedback, this type of avoidance feedback
could also be omitted in future experiments.

Furthermore, it should be mentioned that we investigated the
characteristics (visual/auditory, social/non-social, verbal/non-
verbal) of feedback as a primary research question, but the
division of feedback features did not include all variants. While
there was an auditory social (praise) and auditory non-social (tone)
feedback variant, we used a visual social (smile) variant, while a

visual non-social feedback variant was missing. Consequently, one
should consider whether a visual non-social feedback variant (e.g., a
thumbs-up symbol) or even combinations of visual and auditory
feedback (e.g., smile with tone) should be tested again.

Additionally, our secondary research question aimed to determine
whether there are differences in the effects between LSA and HSA
individuals. Since we examined a non-clinical sample, we divided
them into two groups by median split (median = 17) and interpreted
the results accordingly. With a total score of 0–68, the authors of the
SPIN consider a score of 19 to be most suitable for distinguishing
between persons with and without SAD (Stangier and Steffens, 2002).
While we were able to investigate a sample of variable and also higher
social anxiety, we cannot generalize the results to patients having SAD.
Therefore, the next step should be to apply the feedback variants to a
sample diagnosed with SAD.

Finally, the duration and effort of the task should be mentioned.
Looking at the overall arousal ratings, these were at a rather low
level. Participants had to make eye contact with virtual agents a total
of 108 times, so monotony and boredom as influencing factors could
not be excluded. However, if we consider our exploratory analyses,
which show no differences in the valence ratings between the three
blocks (see Supplementary Text S5), we can assume that the valence
ratings (primary outcome) remained stable across the blocks and
consequently, the feedback did not lose its reinforcing character.
Furthermore, for the further use of the feedback in attentional
training, e.g., as part of a speech scenario, boredom should be
less relevant.

5.3 Conclusion

This study compared effects of feedback variants on affect
ratings and attention. We could confirm that the social feedback
variants (smile, and praise), but not the non-social variant (tone)
were perceived as more pleasant by LSA compared to HSA
individuals. However, no significant differences between the
feedback variants were observed within the HSA group regarding
perceived valence, which was rated moderately, ranging from
neutral to positive. Therefore, we identified eligible feedback
variants for the further development of attentional training in
VR for the treatment of individuals with speech anxiety and
SAD, comprising of gaze interaction elements and measuring of
overt attention via eye tracking. Using gaze-related feedback,
exposure towards social stimuli will be promoted and external
attention focus in social anxiety will be enhanced.
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