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No evidence that gaze anxiety 
predicts gaze avoidance behavior 
during face‑to‑face social 
interaction
Daniel Tönsing 1,4, Bastian Schiller 1,2,4*, Antonia Vehlen 3, Ines Spenthof 1, Gregor Domes 3 & 
Markus Heinrichs 1,2*

Eye contact is an indispensable social signal, yet for some individuals it is also a source of discomfort 
they fear and avoid. However, it is still unknown whether gaze anxiety actually produces avoidant 
gaze behavior in naturalistic, face‑to‑face interactions. Here, we relied on a novel dual eye‑tracking 
setup that allows us to assess interactive gaze behavior. To investigate the effect of gaze anxiety on 
gaze behavior, we a priori created groups of participants reporting high or low levels of gaze anxiety. 
These participants (n = 51) then performed a semi‑standardized interaction with a previously unknown 
individual reporting a medium level of gaze anxiety. The gaze behavior of both groups did not differ in 
either classical one‑way, eye‑tracking parameters (e.g. unilateral eye gaze), or interactive, two‑way 
ones (e.g. mutual gaze). Furthermore, the subjective ratings of both participants’ interaction did not 
differ between groups. Gaze anxious individuals seem to exhibit normal gaze behavior which does not 
hamper the perceived quality of interactions in a naturalistic face‑to‑face setup. Our findings point to 
the existence of cognitive distortions in gaze anxious individuals whose exterior behavior might be 
less affected than feared by their interior anxiety.

Paying visual attention to social stimuli forms the basis of our social interactions: Attention to the faces and 
eyes can reveal a myriad of socially relevant information comprising the partners’ emotional and mental  state1,2. 
In particular, direct eye contact is known to facilitate facial emotion  recognition3, to activate neural regions 
associated with social  processing4, and to promote neural coherence between two interacting  partners5. Yet for 
socially anxious individuals, social signals like eye contact can also represent feared cues of scrutiny and negative 
social evaluation resulting in gaze  anxiety6. Findings on whether gaze anxiety actually results in gaze avoidant 
behavior (i.e. avoiding direct eye contact), however, are  equivocal7–9. The situation is further complicated by 
the fact that results from laboratory research studying the association between anxiety and gaze behavior using 
“face-to-screen” paradigms (e.g. passively viewing faces or videos, interacting with others via webcams)10 might 
not be transferable to actual social interactions occurring “face-to-face”. Therefore, this study was designed to 
investigate the effects of gaze anxiety on gaze behavior directed towards the eyes/face applying a dual eye-tracking 
setup that enables the assessment of interactive gaze behavior.

While gaze anxiety is associated with several clinical conditions that involve dysfunctional social interactions, 
clinicians and researchers usually discuss it as a hallmark feature of social anxiety disorder (SAD). This disorder 
is highly prevalent and  disabling11,12 and characterized by both intense fear and avoidance of social situations 
accompanied by potential negative evaluations by  others13. As faces in general and eyes in particular convey cues 
of scrutiny, patients with SAD are supposed to fear eye contact. Indeed, research using factor analyses reveals that 
the single item “fear of eye contact” accounts for most of the variance in the factor distinguishing healthy controls 
from SAD  patients14,15. In line with this, SAD patients exhibit greater activation in arousal-related brain regions 
during direct eye gaze compared to averted  gaze16. Moreover, individuals suffering from more severe social 
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anxiety also report greater gaze anxiety in studies involving clinical and nonclinical  samples17–20. In sum, gaze 
anxiety seems to play a prominent role in social anxiety. But does gaze anxiety actually result in gaze avoidance?

Empirical evidence demonstrating that socially anxious individuals actually exhibit gaze avoidance is far 
more equivocal than  expected7–9. On the one hand, and in line with clinical  observations21,22 and SAD patients’ 
self-reports23, research has shown that individuals with sub-clinically and clinically relevant social anxiety levels 
display gaze patterns consistent with avoiding  gaze6,24. On the other hand, however, there is also evidence of 
normal or increased eye gaze in socially anxious  individuals25. In particular, the few studies investigating gaze 
behavior in actual, live social interactions have yielded inconsistent  findings26–30 with several reporting similar 
gaze behavior in individuals with high and low levels of social  anxiety24,31. This has led some researchers to sup-
pose that when interacting socially, individuals with high gaze anxiety might suffer from cognitive distortions 
regarding their own gaze behavior and might be behaviorally compensating for their anxiety so as to demonstrate 
gaze behavior corresponding with social  norms31,32. Altogether, we still have no definite answer to the question 
whether gaze anxiety leads to gaze avoidance. More specifically, research on gaze behavior in naturalistic face-to-
face social interactions is needed, as these situations are most frequent in and affect an individual’s everyday life.

To track two interacting participants’ gaze behavior simultaneously with no devices interfering with natural 
eye contact, we chose a novel, recently validated remote eye-tracking setup from our  laboratory33 that can be 
used for a naturalistic dual eye-tracking experiment. This setup consists of a natural face-to-face conversation 
while ensuring eye-tracking accuracy within an experimentally controlled, laboratory setting. Investigating gaze 
behavior in a naturalistic environment is important, because gaze behavior in daily social interactions differs from 
gaze behavior in computer facial-viewing tasks in several fundamental  characteristics34–36. First, the mere physical 
presence of another individual induces a social context that activates social norms affecting gaze behavior. For 
example, participants might feel more obliged to hold eye contact from face-to-face in order to avoid negative 
consequences (e.g. negative evaluation), no matter how pleasant or unpleasant that might  be36–39. In contrast, in 
computer facial-viewing tasks or interactions done from “face-to-screen” (e.g. via webcam) participants might 
not sense this social pressure to the same degree and succumb to this matter by avoiding eye contact. Second, 
interacting individuals mutually communicate with each other via their gaze behavior, as we both “listen” and 
“speak” using our  eyes28,36,40. In particular, mutual eye gaze is a crucial state of social communication modulat-
ing the attention of two interacting  individuals41. Notably, the eye tracking setup we applied provides unique 
information on this variable by making data from simultaneously tracked gaze behavior available.

With these considerations in mind, we set out to study whether self-reported gaze anxiety is associated 
with gaze behavior in naturalistic, face-to-face social interactions. For that purpose, we a priori created groups 
of participants reporting either high or low levels of gaze anxiety using the Gaze Anxiety Rating  Scale20,23. To 
generate comparable experimental conditions across participating groups, participants then performed a semi-
structured interaction (“fast-friends procedure”42) with a previously unknown individual reporting a medium 
level of gaze anxiety. This procedure aims to mimic a typical daily rapport-building social interaction with an 
unknown stranger through escalating, mutual self-disclosure in a series of turn-taking  questions42,43. Further-
more, it enables us to compare gaze behavior between talking and listening situations. This could be relevant, 
as cognitive demands are supposedly higher while talking—a situation potentially associated with more likely 
gaze avoidance in gaze-anxious  participants28,44. Analysing both classical one-way (e.g. unilateral eye gaze; for 
details see Methods), as well as interactive two-way eye-tracking parameters (e.g. mutual eye gaze; for details see 
Methods), we thus compared gaze behavior between participants with high and low levels of gaze anxiety. We 
also analyzed potential group differences with regard to subjective ratings of the interaction quality. Expanding 
upon previous research by investigating gaze behavior in a naturalistic, face-to-face interaction, we aimed to 
shed light on whether gaze anxiety is associated with gaze avoidance as predicted by several theoretical models. 
Alternatively, the naturalistic face-to-face environment might strongly activate social norms to engage in eye 
contact, which in turn could dilute any effects of gaze anxiety on gaze behavior.

Methods
Participants. One hundred and twenty participants were recruited via on-campus and online announce-
ments at the University of Freiburg. To minimize the risk of self-selection, general recruitment took place with-
out reference to the actual study purpose and with a cover story (“how do we communicate in a digital world?”) 
and cover questionnaires. Participants completed an online screening to monitor the exclusion criteria (visual 
impairments exceeding 3.0 dioptres, current eye infections, allergic reaction and irritated eyes, any other type of 
prescriptive visual aid, any mental health issues, alcohol or drug abuse and psychiatric or therapeutic treatment 
in the past two years). To avoid the cofounding effects of mating, we focussed on participants with a heterosexual 
 orientation45. Furthermore, participants in this screening completed the Gaze Anxiety Rating  Scale23, which we 
used to a priori create groups of participants reporting either high, medium, or low levels of gaze anxiety (for 
details, see Procedure). On the basis of this a priori selection of two extreme groups, we assumed a large effect 
size in performing the power analysis (f = 0.40, α = 0.05, β = 0.80, number of groups = 2, ANOVA fixed effects, 
omnibus, one-way) which resulted in an optimal sample size of 52 participants. To account for potential drop-
outs, we aimed at a sample size of 60 participants of interest and 120 participants in total (including the interac-
tion partner reporting a medium level of gaze anxiety). Because of technical problems while recording eye-track-
ing in one of the two interacting participants, data from nine interaction pairs (i.e. 18 participants) had to be 
excluded. Consequently, our total sample comprised 102 participants (54 female, 48 male) aged M = 23.54 years 
(SD = 3.38) that all matched our eye -racking data quality restrictions (for more details see Table 1). Note that 
our analyses focus on comparing participants reporting high or low levels of gaze anxiety, comprising a total 
number of 51 participants of interest (for detailed descriptive parameters of groups, see Table S1). The University 
of Freiburg Ethics Committee approved this study whose methods were carried out in accordance with relevant 
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guidelines and regulations. All participants gave written informed consent before the experiment took place and 
received 15.00 € for participating.

Setup. The experiment took place in a bright room (size: 3.6 m × 2.3 m, height: 2.6 m) with constant artifi-
cial lighting (570 lx; daylight was blocked by window blinds) and a constant temperature. A white table (size: 
80 cm × 80 cm; height: 72 cm) and two identical, movable and height-adjustable chairs facing each other were 
placed in the experimental room. Note that the chairs’ seating height and position were only adjustable with 
the help of the experimenter, and that one of the  chairs was replaced by a movable vertical partition wall 
(180 × 80 cm) during the calibration procedure (see Fig. 1a,b). On the calibration sheet, there were nine black 
cross-hairs with two red circles with a total radius of 3.5 cm (1.5° visual angle) on a white background. There 
were three cross-hairs in three rows, each 20 cm (8.64° visual angle) vertically and horizontally apart from each 
other, resulting in a calibration area of 40 × 40 cm (17.3° × 17.3° visual angle).

To record eye-tracking data, two Tobii X3-120 remote infrared eye-trackers (sampling frequency: 120 Hz) 
were positioned on the table facing opposite sites. Two cameras (Logitech C920) were installed above the par-
ticipants’ heads to record both participants’ fields of view (FHD resolution: 1920 × 1080 px with 30 fps). A mov-
able green push-button was placed in the middle of the table. It was used to synchronize both eye-tracking data 
streams and to segment the interaction (see Procedure). Furthermore, a manual ringing bell was placed on the 
table. Figure 1c shows the final setup including all angles and distances.

Material. Gaze Anxiety Rating Scale. The Gaze Anxiety Rating Scale (GARS) assesses subjectively expe-
rienced fear and avoidance of eye  contact20,23. Its items were originally derived from unstructured interviews 
with SAD patients, comprising 17 situations (e.g. “Giving a speech”, “Speaking to someone you find attractive”, 
“Expressing a disagreement”) involving the increased fear or avoidance of eye contact these patients reported. 
For each of these situations, ratings of fear and avoidance are collected on a 4-point Likert scale (0 = none to 
3 = severe). Summing up responses to specific items, one then calculates sub scores of GARS-fear and GARS-
avoidance, as well as the overall GARS-score (which we used to create participant groups in this study). The 
GARS and its German translation are known to be very reliable and to constitute a valid self-report measure of 
fear and avoidance of eye  contact20,23. In the German version internal consistencies (Cronbach’s α) for the total 
score and the subscales were very high, ranging from α = 0.90 to α = 0.95. Domes et al.23 reported norm indices 
for the overall GARS-score in a German-speaking population with M = 21.1, (SD = 15.3, range 0–51), demon-
strating that our participant groups revealed extraordinarily low (M = 6.58, SD = 3.01) and high levels of gaze 
anxiety (M = 39.17, SD = 5.65).

The fast‑friends procedure. The “fast-friends-procedure” (FFP) scaffolds semi-standardized communication and 
builds rapport among unknown others through mutual self-disclosure in a series of turn-taking  questions42,46,47. 
Here, we applied 12 questions from the original FFP translated to German (e.g. “Given the choice of anyone in 
the world, whom would you want as a dinner guest?”; for details see Table S2).

Trait measures. In addition to the GARS, we assessed social anxiety (social anxiety and fear of negative evalu-
ation: Social Interaction Anxiety Scale, SIAS-D48,49) and general cognitive ability (verbal intelligence quotient: 
Wortschatztest,  WST50).

Subjective ratings of interaction quality. To assess an individual’s subjectively experienced interaction quality, 
we collected responses to 12 items via a 7 point Likert Scale (1 = not at all, 7 = very much). These items were 
about liking the other person, the general feeling towards the other person, the wish to meet that person again, 
perceived similarity to the other person, enjoyment of the interaction, laughing during the interaction, fun of 
the interaction, perceived self-disclosure of the other person, perceived intimacy, perceived honesty, perceived 
quality of the relationship (compared to one’s own other relationships and compared to relationships of other 
persons in general). We also used the Inclusion of Other in the Self Scale (IOS) to assess perceived interpersonal 

Table 1.  Accuracy, precision and robustness for the calibration validations wall, face (pre) and face (post). 
Mean (M) and standard deviation (SD) for eye-tracking quality are shown for all three points of measurements 
(wall, face pre, face post). Robustness is reported in percent, accuracy and precision in visual angle. Precision 
(SD): precision calculated as standard deviation of the data sample. Of the 1734 trails, 34 markers (1.96%) had 
to be corrected because of saccades. 70 markers (4.04%) had to be postponed due to suboptimal marker time 
setting. 9 trails (0.52%) had to be excluded due to experimenter error. 13 trails (0.75%) had to be excluded 
because of robustness < 80.00%.

Wall Face (pre) Face (post)

M SD M SD M SD

Accuracy 0.44° 0.20° 0.56° 0.20° 0.64° 0.27°

Precision (SD) 0.25° 0.08° 0.26° 0.08° 0.27° 0.09°

Robustness (%) 98.64 2.10 99.01 1.97 98.73 2.87
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closeness (participants have to choose one pair of circles from seven with different degrees of overlap ranging 
from 1 = no overlap to 7 = most overlap)51.

Experimental procedure. Before the laboratory appointment took place, participants completed the 
described trait measures online. Based on their GARS overall scores and percentile rank (PR), participants were 
first assigned to one of three groups: GARS low (0.0–20.0 PR, score ≤ 10), GARS medium (GARS medium: 40.0–
60.0 PR, score: 18–24) or GARS high (GARS high: 80.0–100.0 PR, score ≥  3223). In the experiment, a participant 
with either low or high GARS-scores then interacted with a same-sex participant from the average GARS group. 
The experiment started right after the second participant arrived to make sure participants could not interact 
before the investigation. We also made sure that participants had never met each other before taking part in the 
experiment. Participants then provided informed consent and were then given a standardized verbal instruction 
regarding the experimental procedure. Specifically, they were instructed to participate in a social interaction task 
in which they would have to pose and answer prepared questions in alternating order. They were also informed 
that this interaction would be recorded for study purposes, i.e. analyzing verbal and non-verbal behavior during 
social interactions. Other than these, no specific instructions were given to enable a semi-standardized, natural-
istic social interaction between participants.

Afterwards, the eye-tracking and video recordings were prepared. For that purpose, one randomly chosen 
participant (participant A) was taken to the experimental room where settings (e.g. seating height, chair position) 
had been optimized for the eye-tracking recording, and the eye-tracking calibration procedure was completed 
using the calibration wall (for details, see Fig. 1A). During this procedure, the other participant (participant B) 
waited in another room. After successful calibration, participants switched rooms, and the same procedure was 
repeated in the experimental room with participant B sitting on the opposite chair (see Fig. 1B). Afterwards, the 
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Figure 1.  Dual eye-tracking calibration procedure and setup. Shown are experimental setups and relevant 
distances during the calibration procedure for participant A (a), participant B (b), and the face-to-face 
interaction between both participants (c). Distances are given in cm and angles are given in degree. Participant 
A (randomly picked) was taken to the experimental room and seated on a chair facing a calibration wall. The 
chair was moved and adjusted to ensure the participant’s head was close to the camera and at the described 
distances to the eye-tracker and camera (a). Participant A was introduced to first find a comfortable seating 
position. Because we adjusted the chair’s height, a participant’s eyes were on the same level regardless of 
their height. Participant A ran through a 9-point-calibration procedure. After participant A’s calibration was 
completed, a calibration validation using the calibration wall was conducted. Participant A was instructed 
to gaze at a randomized order of calibration points. The chair’s position and settings were then marked, and 
participants A left the room. Participants A’s chair was removed and replaced by the calibration wall. On the 
other side, the calibration wall was replaced by the second chair. Participant B entered the room and was seated 
on the second chair (b). The same calibration and validation procedure was conducted for participant B. Then 
participant B stayed seated, the calibration wall was removed and participant A’s chair was placed on the marked 
position. Participant A returned to sit on that chair (c). For the second validation, participants were asked to 
gaze at the opponent’s facial features (left eye, right eye, mouth, and the nose tip) for 1 s, starting in random 
order. This validation procedure was then repeated after the “fast-friends-procedure”. Note that we obtained 
informed consent from all displayed subjects for publication of identifying images in an online open-access 
publication.
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participant in the waiting room returned to the experimental room where the previously defined experimental 
settings were restored with both participants now sitting in front of each other (see Fig. 1C). A final validation 
procedure was then performed with both participants gazing on the interaction partner’s distinct facial features.

The experimenter then left the room, and the social interaction (i.e. FFP) task began. For that purpose, six 
printed cards with questions 1–6 of the FFP were placed in front of participant A, and the remaining cards with 
questions 7–12 were placed in front of participant B. Participant A started by reading aloud the first question and 
then pressing the green button to mark each question in the recordings. Afterwards, both participants (first B, 
then A) answered that question. This procedure was repeated until the sixth question. The procedure for ques-
tions 7–12 was vice versa with participant B posing the questions. When participants were done posing all 12 
questions, they were instructed to remain seated and ring a bell placed on the table. The experimenter entered 
the room again, and a second validation procedure on facial features was performed for both participants (for 
details, see Fig. 1). For the last part of the experiment, participants were seated in different rooms where they 
completed the social interaction questionnaire. Finally, participants received their payment.

Analysis of eye‑tracking data. Preprocessing. All calculations were based on averaged binocular data. 
Raw data of the segments were visually inspected for saccades. In cases of a saccade occurring within the seg-
ment (e.g. the marker was set before the participant fixated on the announced point), markers were corrected. 
For more details, also see Vehlen et al.33.

Robustness, precision, and accuracy. Robustness was calculated as the percentage of valid data for a specific 
time sequence (for details, see Table 1). Accuracy was calculated as the mean offset of the gaze point position in 
relation to the target point position and is reported in degrees of gaze angle. Precision as a measure of variance 
was calculated via the standard deviation (SD) of data samples and is reported in degrees of gaze angle. Calcula-
tions of basic quality indices were conducted via in-house scripts in Matlab (2018a, version 9.7.0).

Definition of areas of interest. First, scene videos were analyzed by the facial landmark detection tool Open 
Face52 to generate facial landmarks. Then the limited-radius voronoi tessellation  method53 with a radius of 2° 
was applied to receive Areas of Interest (AOI) for the eyes (adding up the right and left eyes), nose, and  mouth54. 
Furthermore, we took an ellipse around the face as an additional AOI.

Analysis of one‑way eye‑tracking data. Total dwell time on a specific AOI was defined as the percentage of total 
frames within a specific segment comprising all gaze behavior (fixations, saccades, etc.). In addition, the percent-
age of missing data was calculated comprising all frames with no data available due to gaze outside the calibra-
tion area or loss of eye tracking. Groups did not differ in this measure, F(1, 49) = 0.01, p = 0.916, η2 < 0.001. For 
the one-way gaze analysis, we calculated the average dwell time on the opponent’s eyes, separately for speaking 
phases, listening phases, and aggregated across all phases.

Analysis of two‑way eye‑tracking data. For the two-way gaze analysis, we calculated mutual eye gaze on the 
opponent’s eyes, separately for speaking phases, listening phases, and aggregated across all phases. Mutual eye 
gaze was defined as time periods in which both participants gaze at each other’s eyes simultaneously (to reduce 
noise we focused on events in which both participants gazed at the other’s eyes for at least 200 ms; note that find-
ings did not change when this constraint was not applied).

Analysis of speaking and listening phases. For the conversation analysis, two independent raters were trained 
to judge whether participant A or participant B was reading aloud a question, listening, speaking, or no person 
was speaking. All conversations were rated by both raters, and interrater-reliability for speaking and listening 
phases indicated very good agreement across raters (Cohen’s κ = 0.93). To temporally match eye-tracking with 
video data, a marker was set at the beginning of the recording in all data streams. Subsequent events were then 
temporally matched in reference to this start marker using in-house scripts in Matlab.

Statistical analysis. Using univariate ANOVAs, we compared participants of the “GARS low” and the 
“GARS high” group (between-subjects factor “group”) regarding gaze anxiety (dependent variable “GARS-
score”), social anxiety (dependent variable “SIAS score”), age (dependent variable “age”), and cognitive ability 
(dependent variable “Verbal Intelligence score”). Next, using univariate ANOVAs, we compared participants 
in the “GARS low” and “GARS high” group (between-subjects factor “group”) in their gaze behavior (one-way 
analysis: “dwell time on the opponent’s eyes”; two-way analysis: “mutual eye gaze”). We also analyzed differen-
tial effects of gaze anxiety on gaze behavior between speaking phases and listening phases, by adding “activity” 
(speaking vs. listening) as a within-subjects factor to a mixed ANOVA. Following up on this overall ANOVA, 
we also calculated two post-hoc univariate ANOVAs that focused on gaze behavior displayed during speaking 
or listening phases. To analyze effects of gaze anxiety on subjective ratings of interaction quality, we calculated a 
MANOVA (between-subjects factor “group”). To control for any sex effects, we added “sex” as a covariate in the 
analyses. We also conducted the same analysis using the AOIs “mouth”, “nose”, and “whole face”. All statistical 
analyses were conducted in statistical software SPSS (version 28.055) with the level of significance set to p < 0.05. 
In cases of heterogeneity of covariance, Greenhouse–Geisser corrections were applied. To confirm the robust-
ness of the reported analyses, we also conducted non-parametrical Wilcoxon tests (although ANOVAs are sup-
posed to be robust against violations of the normality assumption in large samples).
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In addition to traditional null-hypothesis significance testing, we performed equivalence  testing56,57 using 
the two one-sided tests (TOST) procedure for Welch’s t tests for independent  samples58. Thereby, we wanted to 
examine the hypothesis that the difference in gaze behavior participants in the two GARS groups revealed is 
smaller than what is considered to be a meaningful effect size in this population. Given that we compared the 
gaze behavior of a priori created groups of participants with extremely low (0–20 percentile) and high (80–100) 
levels of self-reported gaze anxiety (i.e. GARS-scores), we set the smallest effect size of interest to a large effect, 
resulting in meaningful effect size bounds of d = –0.80 (lower) and d = 0.80 (upper).

As non-significant results using frequentist statistics do not mean the alternative hypothesis is true, we 
performed Bayesian analyses taking the Bayesian t-test  approach59,60. The null hypothesis postulates that two 
groups do not differ in gaze behavior H0: δ = 0. The two-sided alternative hypothesis (H1) states that the GARS 
high group differs from the GARS low group. The likelihood for the alternative hypothesis given the data  (BF10), 
compared to the null hypothesis was assessed using the default prior option provided by JASP. The Bayes Factor 
can indicate higher likelihood for one hypothesis. Equivalence testing and Bayesian independent sample t-test 
were performed in JASP (Version 0.16.3,  202161).

Results
Self‑reported gaze anxiety. As intended, participants in the “GARS high” group reported significantly 
more gaze anxiety than those in the “GARS low” group (F(1, 49) = 683.99, p < 0.001, η2 = 0.933; Z = −6.12, 
p < 0.001; see Fig. 2a and Table S1 for descriptive statistics). Participants in the “GARS high” group also displayed 
significantly higher social anxiety (see F(1, 49) = 33.03, p < 0.001, η2 = 0.403; Z = −4.58, p < 0.001; see Table S1 for 
descriptive statistics). Note that the two GARS subscales “GARS-fear” and “GARS-avoidance” correlated closely 
(r = 0.791, p < 0.001), suggesting that participants with high gaze anxiety also subjectively perceive and report 
high gaze avoidance. Note furthermore that these two groups did not differ in age (F(1, 49) = 0.66, p = 0.422, 
η2 = 0.013; Z = −0.53, p = 0.596) or cognitive ability (F(1, 49) = 3.14, p = 0.083, η2 = 0.060; Z = −1.34, p = 0.181).

Gaze behavior. One‑way eye‑tracking analysis. First, we compared gaze behavior between participants 
with high and low levels of gaze anxiety, focusing on the participant’s gaze behavior directed towards the eyes/
face. For that purpose, we calculated a univariate ANOVA with the dependent variable “dwell time on the oppo-
nent’s eyes” and the independent variable “GARS group” (low vs. high). We detected no significant effect of gaze 
anxiety on gaze behavior (F(1, 49) = 0.40, p = 0.530, η2 = 0.008; non-parametric testing: Z = −1.00, p = 0.317; see 
Fig. 2b). Equivalence testing revealed that the effect of gaze anxiety on gaze behavior is statistically equivalent to 
zero when testing against the presence of a large effect (T(44.96) = 2.60, p = 0.006). The Bayes Factor  (BF01 = 3.45) 
indicated that the data are approximately 3.45 times more likely to occur under H0 than under H1.

Secondly, we analyzed whether gaze anxiety specifically affects gaze behavior when participants are either 
speaking or listening (running the same ANOVA, but this time with the dependent variables “dwell times on the 
eyes while speaking” or “dwell times on the eyes while listening”). Again, a mixed ANOVA with the dependent 
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Figure 2.  The effect of gaze anxiety on total dwell time on opponent’s eyes and mutual eye gaze for GARS group 
low and high. (a) Gaze Anxiety Rating Scale (GARS), (b) total dwell time on eyes (c) and mutual eye gaze for 
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score, dwell time on eyes and mutual eye gaze as a percentage of total time.
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variable “dwell times on the eyes” and independent variables “GARS group” (low vs. high) and “activity” (speaking 
vs. listening) demonstrated no significant effects of gaze anxiety on gaze behavior (main effect “GARS group”: 
F(1, 49) = 0.08, p = 0.784, η2 = 0.002). There was also no evidence indicating significant effects of gaze anxiety on 
gaze behavior in separate post-hoc ANOVAs and using equivalence testing for listening periods (F(1, 49) = 0.63, 
p = 0.430, η2 = 0.013; non-parametric testing: Z = −0.85, p = 0.396; equivalence testing: T(48.26) = 2.07, p = 0.022) 
and speaking periods (F(1, 49) = 0.11, p = 0.741, η2 = 0.002; non-parametric testing: Z = −0.15, p = 0.880; equiva-
lence testing: T(43.00) = -2.51, p = 0.007). Furthermore, a participant’s gaze anxiety did not significantly affect 
how they modulated their dwell time on eyes while listening rather than speaking (main effect “activity” with 
higher levels of dwell times on the eyes during listening phases: F(1, 49) = 21.39, p < 0.001, η2 = 0.304; interaction 
effect “GARS group X activity”: F(1, 49) = 3.69, p = 0.061, η2 = 0.070). Please note that all our findings were very 
similar when adding “sex” as a covariate in the analyses and when applying the same analysis to the AOIs “nose”, 
“mouth”, and “whole face” (for details, see Table S3).

In sum, the analysis of one-way eye-tracking parameters, which does not take into account the opponent’s 
gaze behavior, provided no evidence that gaze anxiety modulates gaze behavior directed towards the eyes/face 
in face-to-face interactions.

Two‑way eye‑tracking analysis. Next, we investigated the effects of gaze anxiety on gaze behavior when taking 
into account both the participant’s and opponent’s gaze behavior by analyzing mutual eye contact by calculating 
a univariate ANOVA with the dependent variable “mutual eye gaze” and the independent variable “GARS group” 
(low vs. high). Again, the effect of gaze anxiety on gaze behavior was not significant (F(1, 49) = 0.03, p = 0.873, 
η2 = 0.001; non-parametric testing: Z = −0.56, p = 0.577; see Fig. 2c), and equivalence testing revealed that the 
effect of gaze anxiety on gaze behavior is statistically equivalent to zero when testing against the presence of a 
large effect (T(48.47) = 2.71, p = 0.005). The Bayes Factor  (BF01 = 3.43) indicated that the data are approximately 
3.43 times more likely to occur under H0 than under H1.

As in the one-way analysis, we then tested for gaze-anxiety effects on gaze behavior running the same analy-
ses, but with the dependent variables “mutual eye gaze while speaking” or “mutual eye gaze while listening”. 
Again, gaze anxiety did not modulate gaze behavior (overall main effect “GARS group”: F(1, 49) = 0.01, p = 0.907 
η2 = 0.000; speaking: F(1, 49) = 0.01, p = 0.940, η2 = 0.000; non-parametric testing: Z = -0.51, p = 0.610; equivalence 
testing: T(46.46) = -2.80, p = 0.004; listening: F(1, 49) = 0.09, p = 0.768, η2 = 0.002; non-parametric testing: Z = -0.17, 
p = 0.865; equivalence testing: T(47.27) = 2.55, p = 0.007). In contrast to the one-way analyses, we observed no 
differences in mutual eye gaze between speaking and listening periods (referring to the participant’s activity; main 
effect “activity”: F(1, 49) = 0.62, p = 0.434, η2 = 0.013; interaction effect “GARS group X activity”: F(1, 49) = 0.12, 
p = 0.733, η2 = 0.002). Again, all findings were very similar when adding “sex” as a covariate in the analyses and 
when using “mutual face gaze” as dependent variable (for details, see Table S4).

In sum, analyzing two-way eye-tracking parameters corroborated the assumption that there is no evidence of 
gaze anxiety modulating gaze behavior directed towards the eyes/face in face-to-face interactions. Furthermore, 
correlation analyses revealed no systematic relation between GARS total score, subscales, SIAS and any one-way 
and two-way gaze data parameters (for more details see Tables S5, S6, S7).

Subjective ratings of interaction quality. In the last analysis, we tested whether self-reported trait gaze 
anxiety would have any effects on subjective ratings of interaction quality. First, we compared the responses of 
participants between the “high GARS” and “low GARS” group on the 12 items (see Methods) and the IOS by 
calculating a MANOVA. Both the multivariate effect of “GARS group” (F(13, 37) = 0.33, p = 0.983, η2 = 0.103) 
as well as univariate effect of “GARS group” regarding single items (all F(1, 49) < 1.98; all ps > 0.166) were non-
significant. This finding demonstrates that despite the strong group difference in a priori reported gaze anxiety 
(η2 = 0.933), participants in both groups perceived the interaction quality similarly after the experiment (also see 
Table S8).

It is still however possible that interaction partners noticed an effect of a participant’s gaze anxiety. We there-
fore ran the same analyses on the interaction partners’ subjective ratings. Again, no significant effect of “GARS 
group” appeared (multivariate effect: F(13, 37) = 0.36, p = 0.974, η2 = 0.113; univariate effects: all F(1, 49) < 1.32, 
all ps > 0.256), demonstrating that interaction partners’ perceptions of the interaction quality were not influenced 
either by a participant’s gaze anxiety (also see Table S9).

Discussion
In the present study, we investigated the impact of self-reported gaze anxiety on actual gaze behavior directed 
towards the eyes/face in dyadic communication. Two groups of participants with either high or low levels of 
gaze anxiety conducted a semi-structured, naturalistic face-to-face interaction (i.e. fast-friends procedure) with 
a previously unknown participant with a medium level of gaze anxiety. Capitalizing on a novel dual eye-tracking 
setup, we analyzed gaze behavior with regard to both one-way (unilateral eye gaze) and interactive, two-way 
(mutual eye gaze) eye-tracking parameters. Furthermore, in our analyses, we differentiated the gaze behavior 
displayed during speaking or listening situations, which are associated with varying levels of cognitive demands. 
We found no evidence of significant differences between participants with low and high gaze anxiety. Likewise, 
we detected no evidence that a participant’s gaze anxiety affected their quality of social interaction, as subjective 
ratings of the interaction immediately after the experiment by both participants and their interaction partners 
were similarly positive. Furthermore, equivalence testing allowed to us to exclude differences of large effect sizes, 
and Bayesian analyses yielded moderate  evidence62 of absent group differences. While even gaze anxiety’s subtle 
effects on gaze behavior might still be highly consequential in social interactions, our findings indicate overall 
a pronounced difference in self-reported gaze anxiety and actual gaze avoidance.
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This finding contributes to the ongoing debate on the genuine relationship between gaze anxiety and gaze 
behavior, and on the role that gaze anxiety plays in social anxiety more generally. Many prominent clinical models 
claim that gaze anxiety causes gaze avoidance and thereby significantly aggravates worries about being negatively 
evaluated by  others31,32. Meanwhile, there are ideas that gaze-anxious individuals are cognitively biased when 
evaluating and perceiving their own gaze behavior, and might indeed exhibit normal gaze  behavior31,32. Past 
empirical research reported heterogeneous evidence (for reviews  see7,8). This could also be due to the fact that 
so far, only recent pioneering eye-tracking studies have studied the relationship between gaze anxiety and gaze 
behavior in naturalistic face-to-face  interactions26,63, probably because such setups are technically and analytically 
complex. Here, we applied a new dual eye-tracking setup recently validated in our  laboratories33, which enabled 
us to study gaze behavior in a face-to-face, live interaction, while maintaining a certain degree of experimental 
control over complex, reciprocal, and interactive influences applying a structured social interaction paradigm. 
Conducting equivalence testing to our  data55,56, we show that a large effect of gaze anxiety on gaze behavior 
in natural daily social interactions is unlikely. While our findings do not permit us to definitively exclude a 
(small-to-medium) effect of this relationship, they do compellingly reveal a striking contrast between subjec-
tive (η2 = 0.933) and objective measures (all η2 < 0.017) of gaze behavior. This contrast reveals and adds credence 
to the role of cognitive biases and distorted self-perception in individuals with social  anxiety64–66 and suggests 
that these individuals are able to behaviorally compensate for their anxiety in order to show norm-conforming 
eye-contact31,32. This assumption is backed up by the fact that both participants and their interaction partners 
rated the interaction similarly positively after the experiment.

From a translational perspective, our findings indicate that treating gaze-anxious individuals psychotherapeu-
tically by focusing on the acquisition of new social skills—such as increasing eye  contact67 may be insufficient. 
Rather, psychotherapists should consider therapeutic approaches that target cognitive distortions regarding 
performance in social  situations68. As both groups of participants with high and low gaze anxiety rated the 
interaction similarly positive, it could also be a hint of self-reports of gaze avoidance resulting from distorted 
memories rather than immediate  evaluation69. In cognitive behavioral therapy, detecting such distortions and 
replacing them by more realistic and functional beliefs (e.g. by identifying and restructuring automatically-
negative  thoughts70) is considered fundamental to the treatment  process71,72. This concept of cognitive distor-
tions as constructs that arise from inadequate information processing—such as catastrophizing, all-or-nothing 
thinking, and overgeneralizing—was first introduced in models on  depression73,74. Cognitive models of SAD 
have adopted the idea of cognitive distortions and, indeed, one observed increased distortions in SAD patients 
as  well75. Yet there is very little empirical evidence identifying cognitive distortions that are specific for  anxiety76, 
which might be attributable to the fact that components of anxiety and depression are hard to disentangle given 
their high  comorbidity77. In this regard, our study suggests that future endeavors to identify anxiety-specific 
distortions and corresponding treatment strategies should focus on dysfunctional beliefs about the adequacy of 
one’s eye-contact and social performance in general. Outpatient clinics with access to research facilities might 
also provide SAD patients with the opportunity for objectively quantifying and checking their beliefs regarding 
their gaze behavior by utilizing the dual-eye tracking setup described in this study.

Beyond providing specific knowledge on the relationship between gaze anxiety and gaze behavior, our study 
demonstrates the huge potential of dual eye-tracking in revealing interactive gaze behavior during naturalistic 
face-to-face interactions. While eye-tracking experiments studying responses to computer-based social stimuli 
have yielded valuable insights into how our eyes process social  stimuli25,78, recent studies have suggested that 
gaze behavior in daily social interactions might differ starkly from gaze behavior towards static social  stimuli34–36. 
These differences between experimental setups might partly be behind the inconsistent findings observed in 
previous studies regarding gaze anxiety’s effects on gaze behavior (for a recent review,  see79). By studying gaze 
behavior during a naturalistic face-to-face interaction and analyzing both classical one-way and two-way interac-
tive eye-tracking parameters, we demonstrate here that the effect of gaze anxiety on gaze behavior is smaller than 
expected from self-reports, even when we take the opponent’s gaze behavior into account. Our results show, that 
highly gaze-anxious individuals dwelled on their opponent’s eyes for a similar duration as individuals with low 
gaze anxiety, and they even did so when their opponent was dwelling on their eyes too, i.e. during mutual eye-
contact. This is important additional information, because socially anxious individuals are more likely to perceive 
their opponent’s gaze as being directed towards  them9,80, which they are most likely to find particularly aversive.

In sum, the current study delivers good news for individuals suffering from gaze anxiety: their gaze behavior 
might be much less compromised than they fear and, as indicated by the analyses on the subjective ratings of 
interaction quality, they seem able to interact in a functionally unobtrusive way despite their gaze anxiety. Future 
studies could include arousal-related physiological measures (e.g. heart rate or electrodermal activity)31,81 to see 
whether the normal gaze behavior observed in gaze-anxious individuals comes at any cost to them; a limitation 
we could not address with our study design. It could be that while interacting, these individuals find that they 
have to regulate their anxiety to fulfil the normative standard of normal gaze behavior exhibited from face-to-face. 
Perhaps, being able to give such individuals feedback from objective measures demonstrating that their own and 
their opponent’s actual gaze behaviors are largely unaffected by their high anxiety could help dispel someone’s 
fear of performing poorly in social situations. It could also prove worthwhile and informative to check whether 
our study’s findings apply to social settings involving explicitly negative social evaluations or  conflicts27 and to 
individuals with clinically relevant levels of social anxiety. A critical issue that should also be addressed is whether 
gaze behavior displayed during the dual eye-tracking procedure generalizes to real world gaze behavior, given 
that the purpose of this eye-tracking study design is still not perfectly concealed and that the setup might still 
have made participants aware of the specific test situation. Overall, given the broad significance of eye-contact 
in enabling functional face-to-face social interactions, this study’s minimally invasive dual eye-tracking setup 
could prove to be of great utility for researchers across the social, clinical, and behavioral sciences.
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