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Abstract

Video calls prevent mutual eye contact because the camera and the partner’s
image on screen are spatially separated. Teleprompters and AI-based gaze cor-
rection promise to restore it, but their effect on users is largely unknown.
In a within-subjects study (N = 32), participants played a conversational
guessing game with a partner in four conditions: face-to-face, a standard video
call, a video call in which the partner used a teleprompter, and a video call
with AI-based gaze correction of the partner’s video. We measured social pres-
ence, gaze-specific experience and camera awareness by questionnaire, and gaze
behaviour by mobile eye tracking. All video conditions showed a large and robust
loss of co-presence compared with face-to-face conversation (Cohen’s dz ≈ −1.5

to −1.8), together with heightened camera awareness. Neither intervention nar-
rowed this gap; equivalence tests confirmed comparable co-presence and camera
awareness across video conditions. AI-based correction made eye contact feel
less natural than the standard video call (dz = −0.54), yet participants’ gaze
behaviour remained equivalent. Gaze differences in the teleprompter condition
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coincided with a smaller on-screen face and are attributable to framing. Restor-
ing the appearance of eye contact thus does not restore what video calls lack.
We discuss implications for evaluating and designing gaze technologies.

Keywords: eye contact, gaze correction, video-mediated communication, eye tracking,
social presence, quality of experience

Word count: 5,430 words (main text, excluding title page, abstract, references, figures
and tables). Figures/tables: 4.

1 Introduction

Eye contact is one of the most powerful signals in face-to-face conversation. It shows
attention, regulates turn-taking and builds a sense of connection [1, 2]. Video calls,
which have become a routine channel for work, education and private life, structurally
remove this signal. Because the camera sits above or beside the screen, a person
who looks at their partner’s face appears to look past them, and mutual eye contact
becomes practically impossible [3].

Two families of technical remedies aim to restore it. Mechanical solutions, such
as teleprompter-like setups, place the camera optically behind the partner’s image,
so that looking at the partner and looking into the camera coincide [4]. Software-
based solutions leave the hardware unchanged and instead redirect the eyes in the
video stream with neural networks [5]. The latter have moved quickly from research
prototypes into consumer products and can be switched on with a single click [6].
Their technical evaluation, however, typically relies on image-based metrics. Whether
artificial eye contact actually improves the experience of a conversation, and whether
it changes how people look at their partner, has received little systematic attention.

In a previous study, presented at the International Conference on Quality of
Multimedia Experience (QoMEX 2025) [7], we compared a standard video call, a
teleprompter setup and an AI-based gaze correction with face-to-face conversation
in a within-subjects experiment. Contrary to the intuition behind these technologies,
AI-based correction made eye contact feel less natural than in a standard video call,
and participants reported more eye contact anxiety. Neither intervention brought the
video call measurably closer to face-to-face interaction.

That study left three questions open, which we address here. First, the conference
version reported uncorrected contrasts for a large set of measures, and its data had
not yet been fully recovered from a logging error. The robustness of its findings was
therefore unclear. Second, restoring eye contact targets the partner’s gaze, but video
calls also make users aware of the camera and of being observed. Whether gaze inter-
ventions alleviate or aggravate this self-focus has not been examined. Third, subjective
ratings do not show whether artificial eye contact changes where people actually look.
Gaze correction might, for instance, draw attention to the partner’s eyes without being
consciously noticed. We therefore ask:
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RQ1 How do a teleprompter and AI-based gaze correction affect the communication
experience, including social presence, gaze-specific experience and camera awareness,
compared with a standard video call and with face-to-face conversation?
RQ2 Do these interventions change participants’ gaze behaviour towards their part-
ner’s face?

To answer these questions, we re-analyse the full questionnaire data set with correction
for multiple comparisons and several sensitivity analyses, and we add eye-tracking
data recorded during the conversations. We find a large and robust presence gap
between all video conditions and face-to-face conversation that neither intervention
narrows. AI-based correction reduces the naturalness of eye contact while leaving
gaze behaviour unchanged, and the teleprompter’s apparent effects on gaze behaviour
reflect a difference in framing.

Extension of the conference version.

This article extends our QoMEX 2025 short paper [7] in four ways:

1. an eye-tracking analysis of participants’ gaze behaviour towards their partner’s face
(RQ2);

2. a previously unreported set of measures on camera awareness and the feeling of
being observed, as well as interpersonal closeness;

3. a revised statistical analysis of the complete data set, with correction for multiple
comparisons, effect sizes with confidence intervals and sensitivity analyses. This
analysis supersedes the results of the conference version;

4. an extended review of related work and a full description of the method.

2 Related Work

2.1 Functions of eye contact in face-to-face interaction

Gaze has been studied as a regulator of social interaction since Kendon’s seminal
observations of conversational gaze [1]. Eye contact is commonly understood as the
perception of another person’s direct gaze, which triggers specific social-cognitive pro-
cessing in the observer [8]. It serves several functions: it conveys information about
the partner’s focus of attention, regulates the flow of conversation, and expresses inti-
macy or social control [2]. In dyadic conversation, for example, speakers tend to avert
their gaze at the start of a turn and to re-establish eye contact when yielding it [9],
and sustained mutual gaze can signal both affiliation and dominance depending on
the social context [10].

These functions are not tied to a fixed gaze pattern. Gaze to faces is dynamically
allocated: viewers fixate the mouth more when the partner speaks and the nose region
during rapid head movements [11], and the distribution of gaze across facial features
depends on task and interaction demands [12]. Whether a gaze is experienced as
directed at oneself is also not a matter of exact alignment. The cone of gaze describes
a tolerance range of eye and head orientations within which observers still judge that
they are being looked at [13]. When visual access to the partner is removed altogether,
task performance can remain intact, but dialogue becomes less efficient, with more
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interruptions and more verbal back-channelling to compensate for the missing non-
verbal cues [14].

2.2 Eye contact in video-mediated communication

In conventional video calls, the camera is mounted above or beside the display. A user
who looks at the partner’s face on screen therefore appears to look slightly downwards
or sideways, and mutual eye contact becomes practically impossible [3]. In terms of
the cone of gaze, the camera–screen offset of typical desktop setups often places the
perceived gaze direction outside the range in which it is read as direct [13].

Beyond gaze geometry, mediated faces are processed differently from co-present
ones. Live in-person eye contact elicits longer gaze durations, larger pupil diameters
and stronger activation of social and attentional brain networks than the same partner
seen over a video link [15]. Similarly, motor resonance is stronger in live than in
video-based interaction [16]. Evidence is not uniform, however. Autonomic arousal and
facial-muscle responses to eye contact did not differ between a live interaction and a
video call in one study [17]. At the level of social judgement, people predict strangers’
cooperativeness less accurately after video calls than after face-to-face encounters [18].
Together, these findings suggest that video communication reproduces basic responses
to a partner’s gaze but not the full depth of social processing found in co-present
interaction. What remains open is whether, and how much, this gap is attributable to
the missing eye contact itself.

2.3 Approaches to restoring eye contact

Attempts to restore eye contact in video communication fall into three groups:
behavioural, mechanical, and software-based.

Behavioural strategies.

Simply looking into the webcam is not an effective remedy. In simulated video job
interviews, directing one’s gaze at the camera yielded no advantage over looking at
the screen [19]. Psychophysical work further shows that gaze directed exactly at the
camera is not the gaze most often judged as eye contact. Observers most frequently
perceived direct gaze when the looker fixated a point roughly 2◦ below the camera [20].

Mechanical approaches.

Mechanical solutions physically reduce the offset between camera and displayed eyes.
Adjusting camera position, seating height and viewing distance so that the gaze
angle stays within about 2◦ can create the impression of eye contact. Wider framing,
however, increases perceived psychological distance compared with head-and-shoulder
views [21]. In simulated teletherapy, facilitating eye contact in this way did not increase
clients’ perceived empathy or telepresence [22]. Teleprompter-like setups place the
camera behind a semi-transparent mirror that displays the partner’s image, so users
can look at the partner and into the camera at the same time. Qualitative work with
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such a setup reported increased connectedness and smoother turn-taking. Partici-
pants, however, also experienced occasional discomfort with an eye contact they were
no longer used to in mediated conversations [4].

Software-based approaches.

Software-based methods leave the hardware unchanged and modify the transmitted
image instead. Early work replaced or geometrically warped the eye region to simulate
direct gaze [23, 24]. Deep neural networks now redirect gaze in real time by resyn-
thesising the existing eye pixels [5]. Such models have reached consumer products,
for example NVIDIA’s Maxine Eye Contact model in the NVIDIA Broadcast applica-
tion [6, 25]. Technical evaluations of these systems typically rely on image-based error
metrics rather than on how users experience the corrected gaze [5]. A related line of
work conveys gaze information without photorealistic correction. Examples include
gaze-aware 3D portraits that turn towards the attended participant [26] and explicit
overlays that indicate who is looking at whom [27]. Such systems increased engagement
and coordination but were partly experienced as unnatural [26]. A general concern for
any synthetic modification of socially salient facial features is that near-realistic but
imperfect renderings can evoke eeriness rather than affinity, a phenomenon known as
the uncanny valley [28].

2.4 Research gap

Three gaps motivate the present work. First, mechanical and software-based
approaches have mostly been evaluated in isolation or against a standard video call
only. It is therefore unclear how close either comes to face-to-face interaction. Sec-
ond, the two approaches differ fundamentally in how they intervene. A teleprompter
changes the physical setup but transmits unaltered video, whereas AI-based correc-
tion keeps the setup but alters the video signal. Whether this difference matters for
the communication experience has not been tested in a common design. Third, most
evaluations rely on subjective ratings of connectedness or on task performance. They
rarely capture how artificial eye contact changes where users actually look, or how
aware users become of the camera and of being observed. Our QoMEX study addressed
the first two gaps for a core set of experience measures [7]. The present article extends
it with eye-tracking data and camera-related constructs to address the third.

3 Method

3.1 Participants

Thirty-three participants were recruited via the university’s participant pool. One data
set was excluded due to substantial missing data, leaving N = 32 (age 20–62 years,
M = 31.8, SD = 9.5; 17 male, 13 female, 1 intersex/diverse, 1 undisclosed). Sixteen
participants were students, 14 were employed and 2 were not employed. Twenty-five
reported German as their native language; the remaining participants’ native lan-
guages were Urdu, Italian, Russian, Cantonese and Korean. Sessions were conducted
in German or English. Participants reported using video calls for M = 3.3 hours per
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week (SD = 3.1). Because eyeglasses interfere with the mobile eye tracker, only par-
ticipants who did not need to wear glasses were admitted. The study was approved
by the ethics committee of Faculty IV of Technische Universität Berlin (reference
number 331). Participants gave written informed consent and received 15€ for the
approximately one-hour session.

3.2 Design and conditions

We used a within-subjects design with four communication conditions of five minutes
each (see Fig. 1 for the laboratory layout). In all conditions, the participant interacted
with a quiz master, a member of the research team who was not introduced as such
(see Sect. 3.4).

• Face-to-face (F2F): Participant and quiz master sat opposite each other at a table
in the same room.

• Baseline video call (BaseVC): Both parties used a standard desktop video call
with the webcam mounted centrally on top of the monitor, so that mutual eye
contact was not possible.

• Teleprompter (Tele): The quiz master used a teleprompter. The participant’s
video was mirrored onto a semi-transparent glass in front of a second webcam, which
allowed the quiz master to look at the participant’s image and into the camera
simultaneously. To keep the viewing distance constant, the quiz master stood on
a floor marker. The quiz master was therefore farther from the camera than in
the other video conditions, and appeared smaller and with wider framing on the
participant’s screen.

• AI-based gaze correction (AI): The setup was identical to BaseVC, but the
quiz master’s video was processed in real time by the eye-contact feature of NVIDIA
Broadcast (v2.0). This feature uses the Maxine Eye Contact model, an encoder–
decoder convolutional network, to redirect the eyes towards the camera [6, 25].

The gaze interventions were applied to the quiz master only, so that the participant, as
the evaluating party, perceived the effect of the interventions. Participants’ self-view
was disabled in all video conditions to keep their attention on the partner. The order
of the three video conditions was randomised. Because F2F required a room change,
it was scheduled either first or last, alternating after approximately every seven to
eight participants. As a result, F2F came first for 14 and last for 18 participants. The
full order distribution is given in Online Resource 2.

3.3 Apparatus

The study took place in two adjacent laboratory rooms. Each room had a desk with a
27-inch monitor (Lenovo ThinkVision T27p-30), a Logitech Brio webcam mounted cen-
trally on top of the monitor, and a headset with a fixed volume level. The experimenter
room additionally contained the teleprompter, whose screen mirrored the monitor and
which housed a second Logitech Brio behind the glass. The participant room contained
a second desk for the F2F condition, facing a wall with fiducial markers for the eye
tracker.
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Fig. 1 Floor plan of the experimenter and participant rooms. A: video-call workstation (monitor
with centrally mounted webcam, headset); B: table for the F2F condition; C: participant’s view in
F2F, with the fiducial markers for the eye tracker on the wall; D: teleprompter with floor marker

All video conditions ran on a custom web-based experiment platform developed
at our lab. A central server orchestrated the experiment: it randomised the condi-
tions, controlled the sequence of instruction, call and questionnaire for each condition,
and ended calls after five minutes. Two browser clients (one per party) displayed
instructions, the video call and the questionnaires in synchrony. Audio and video were
exchanged peer-to-peer via WebRTC, and all calls were recorded. The video window
on the participant’s side had fiducial markers in its corners, which allowed gaze to be
mapped onto the displayed video (Sect. 3.6).

3.4 Task and procedure

In each condition, participant and quiz master played a round of Black Stories, a
cooperative guessing game. The quiz master read out a short, puzzling story, and the
participant reconstructed the underlying scenario by asking yes/no questions. The quiz
master knew the solution and guided the participant towards it. We chose the game
because it sustains continuous, turn-based conversation without requiring personal
disclosure. A new story was used in each condition.

Two experimenters ran each session and alternated between the roles of lead
experimenter and quiz master across sessions. To reduce demand characteristics [29],
the quiz master was not introduced as part of the research team. The lead experi-
menter welcomed participants, obtained consent and fitted the eye tracker, then left
the room for the rest of the session. Participants first completed a pre-questionnaire.
They then went through the four conditions, each consisting of task instructions, the
five-minute interaction and the condition questionnaire. Finally, they completed a
post-questionnaire.
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3.5 Measures

Communication experience.

After each condition, participants rated their communication experience. Unless stated
otherwise, items used continuous sliders from 0 (does not apply) to 100 (fully applies).
For reporting, we grouped the measures into four construct groups. Full item wordings
and scoring are given in Online Resource 1.

1. Social presence and engagement:

• the full Networked Minds Social Presence Inventory [30], with the subscales co-
presence, engagement, emotional contagion, comprehension and interdependence,
each also split into a self and an other perspective;

• the focused attention and perceived usability subscales of the User Engagement
Scale (UES) [31];

• felt closeness, measured with the Inclusion of Other in the Self scale (IOS) [32]
(seven pictorial options);

• a single item on perceived social closeness.

2. Gaze-specific experience: naturalness of eye contact (two items), perceived intensity
of the eye contact, perceived intrusiveness of the eye contact, direct eye contact,
eye contact anxiety, own attention, and partner’s attentiveness. Intensity and intru-
siveness had been intended as one scale, but the two items were barely correlated
(r = .10), so we analyse them separately.

3. Camera awareness and being observed: single items on webcam awareness, feeling
observed, discomfort due to recording, discomfort when looking into the camera,
intentional camera gaze (deliberately looking into the camera to return the partner’s
gaze), and camera gaze avoidance.

4. Affect and person perception: valence and arousal on the Affect Grid [33], and the
perceived friendliness and competence of the partner. The Affect Grid stores the
click position relative to the top-left corner of the grid; we scored valence as the
horizontal position and arousal as one minus the vertical position, so that higher
values indicate higher arousal.

The construct groups 2 and 3 were developed for this study; group 3 was not reported
in the conference version.

Person characteristics.

Before the first condition, participants reported their weekly video call usage. After
the last condition, they provided demographic information. We also assessed sympa-
thy towards the conversation partner, affinity for technology interaction, shyness and
sociability. These scales are documented in Online Resource 1 but are not analysed in
this article.

3.6 Eye tracking

Participants wore Pupil Invisible glasses (Pupil Labs) [34] throughout the session.
Fixations were detected with the Pupil Cloud pipeline and mapped onto the video
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window via the fiducial markers. To identify fixations on the quiz master’s face, we ran
MediaPipe Face Mesh [35] on the screen recordings of the participant’s display. For
each frame, we determined the facial region and tested whether the fixations falling
in that frame lay inside it. Only the three video conditions could be analysed in this
way. For F2F, only the scene-camera video was available, and it would have required
a separate face-mapping pipeline.

A face was detected in 99.6% of frames on average (minimum 87.3% for a single
recording), and 97.0% of fixations fell on the video window. Each fixation was counted
once, identified by its fixation ID. Valid eye-tracking data were available for 29 partic-
ipants in BaseVC and Tele and for 28 in AI. For three participants no eye-tracking
recording existed, and for one participant the AI recording contained no valid gaze
data. Three recordings were shorter than five minutes (134–232 s).

The quiz master’s face occupied a smaller part of the screen in Tele than in the
other two conditions (Sect. 3.2). Some recordings were also incomplete. We therefore
computed metrics that depend neither on face size nor on recording length:

• the share of on-screen fixations that landed on the face;
• the share of on-screen dwell time spent on the face;
• the mean fixation duration (ms);
• the fixation rate (fixations per minute).

To describe the framing difference directly, we additionally report the face area as
a share of the frame. Finally, we visualised the spatial distribution of fixations as
heatmaps in face-normalised coordinates, that is, relative to the face centre and scaled
by face width in each frame, displayed on a schematic face.

3.7 Data preparation and analysis

Data recovery.

Due to a software error, each condition questionnaire was prefilled with the partici-
pant’s answers from the previous condition. The application logged only values that
participants changed, so 1270 of 7434 item responses (17.1%) were not logged. These
responses are prefilled values that participants submitted without changing them. We
therefore coded each of them as the value displayed, that is, the participant’s answer
to the same item in the preceding condition. Experimenter notes for three participants
state that they adjusted only those answers that differed from the previous condition.
The affected responses were concentrated in the video conditions (BaseVC 23.2%,
Tele 26.1%, AI 18.0%, F2F 0.1%). An unchanged value may reflect genuine agree-
ment or reduced diligence. In the latter case, these values attenuate differences between
successive video conditions, which makes the respective contrasts conservative. We
therefore repeated all analyses with logged values only.

For one participant, the questionnaire files were missing, and we recovered the
responses from the application log using the same procedure. For two participants,
the F2F conversation, which was first in their sequence, took place without the cor-
responding step being started in the software, so no F2F questionnaire was recorded.
The software logged the subsequent calls as its first three sessions, and call logs and
recordings confirm exactly three complete five-minute video calls for both participants.
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Because the experimenters configured the gaze interventions manually following the
session protocol, we assigned the three questionnaires in protocol order. Excluding
both participants did not change any result. One participant’s AI questionnaire was
incomplete (29 of 59 items). Missing responses were not imputed.

The conference version [7] excluded values beyond±2SD and reported uncorrected
contrasts. The analyses reported here supersede it.

Statistical analysis.

Omnibus tests. For each dependent variable, we fitted a linear mixed-effects model
with condition as a fixed effect and a random intercept per participant, estimated
by maximum likelihood. We compared it against an intercept-only model with a
likelihood-ratio test (χ2(3) for the questionnaires, χ2(2) for the eye-tracking metrics).
The false discovery rate (FDR) across the omnibus tests was controlled with the
Benjamini–Hochberg procedure [36].

Pairwise contrasts.We computed all pairwise contrasts as paired t-tests on pairwise
complete data, with Holm correction within each variable [37]. Each contrast was
tested with its own error term rather than a pooled model residual, because response
variability differed markedly between F2F and the video conditions. Effect sizes are
Cohen’s dz with exact 95% confidence intervals based on the noncentral t distribution.
In the text, we interpret contrasts for variables with a significant omnibus effect. For
the comparisons of AI with BaseVC and Tele, we report effect sizes regardless. To
distinguish the absence of an effect from a lack of evidence, we tested the comparisons
of AI and Tele with BaseVC on key measures for equivalence. We used two one-
sided tests (TOST) with bounds of dz = ±0.5, standardised by the standard deviation
of the paired differences [38]. With N = 32, the design had 80% power to detect effects
of |dz| ≥ 0.51 (two-sided, α = .05; 0.65 at the strictest Holm-adjusted level). For the
eye-tracking contrasts (n = 28), the corresponding threshold was 0.55.

Sensitivity analyses. All analyses were repeated in the following variants:

• with outlier removal (±2SD, as in the conference version);
• with logged values only;
• with rank-transformed data (rank-based mixed models and Wilcoxon signed-rank

tests);
• with serial position as an additional covariate, since F2F was not fully counterbal-

anced;
• excluding the two participants with missing F2F questionnaires.

Results are reported in Online Resource 2. Use of AI tools. The re-analysis code was
written with the assistance of the large language model Claude Opus 5.5 (Anthropic),
used as a coding agent via the Claude Code extension for Visual Studio Code under the
authors’ direction. The authors reviewed its output and verified the reported results
against the original analysis. The same model assisted in drafting the manuscript
text from the authors’ materials and decisions. The authors reviewed and revised all
content and take full responsibility for it. All analyses were conducted in Python 3.12
using statsmodels 0.14.4 [39], pingouin 0.5.5 [40], SciPy 1.14.1 and pandas 2.2.3.
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−2 −1 0 1
dz (Tele − BaseVC)
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dz (AI − Tele)

−2 −1 0 1
dz (VC − F2F)

BaseVC − F2F Tele − F2F AI − F2F p_Holm < .05 p_Holm ≥ .05

Fig. 2 Pairwise effect sizes (dz with 95% CI) for all measures with a significant omnibus effect,
plus eye contact anxiety, intensity and intrusiveness, grouped by construct. Panels show the contrasts
AI−BaseVC, Tele−BaseVC, AI−Tele, and each video condition −F2F. Positive values indicate
higher ratings in the first-named condition. Filled markers: pHolm < .05; †: omnibus pFDR < .05

4 Results

We report the full omnibus tests, all pairwise contrasts and descriptive statistics for
every dependent variable in Online Resource 2. After FDR correction, 14 of the 36
dependent variables showed an effect of condition. Figure 2 summarises the pairwise
effect sizes for the key measures. Table S4 in Online Resource 2 shows for every decision
whether it held across the sensitivity analyses; we note below where it did not.

4.1 Social presence and engagement

The largest differences concerned co-presence. In all three video conditions, partici-
pants felt far less co-present with their partner than in F2F (F2F: M = 90.3; video
conditions: M = 51.6–53.4). The effects were very large for BaseVC (dz = −1.77
[−2.34,−1.19]),AI (dz = −1.67 [−2.23,−1.10]) and Tele (dz = −1.51 [−2.03,−0.97];
all pHolm < .001). The same pattern held for both the self and the other perspective
of co-presence.

Participants also perceived their partner as less engaged in all video conditions than
in F2F (Engagement Others, dz = −0.53 to −0.70, all pHolm ≤ .027; for Tele not
with outlier removal). Perceived social closeness was lower in BaseVC (dz = −0.66,
pHolm = .007) and Tele (dz = −0.53, pHolm = .033) than in F2F, and perceived
usability was lower in BaseVC (dz = −0.61, pHolm = .013) and AI (dz = −0.54,
pHolm = .031) than in F2F. Except for social closeness in BaseVC, these contrasts
were not significant with logged values only. The overall engagement score was lower
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only in BaseVC than in F2F (dz = −0.56, pHolm = .029), and this effect did not hold
in all sensitivity analyses.

Crucially, none of these measures differed between the three video conditions: nei-
ther the teleprompter nor the AI-based correction reduced the gap to F2F. Equivalence
tests supported this conclusion. Co-presence in both AI and Tele was equivalent to
BaseVC within ±0.5 dz (pTOST = .011 and .031). Equivalence was also established for
perceived social closeness in AI and for the partner’s engagement in Tele. It remained
inconclusive for the partner’s engagement in AI (pTOST = .060) and for social close-
ness in Tele (pTOST = .060). Emotional contagion, comprehension, interdependence,
felt closeness (IOS) and focused attention did not differ between conditions.

Of the affect and person-perception measures, only arousal differed between condi-
tions (χ2(3) = 11.35, pFDR = .026). Participants were more aroused in BaseVC than
in F2F (M = 0.56 vs. 0.43; t(29) = 2.93, pHolm = .039, dz = 0.53 [0.15, 0.91]), with
Tele (0.49) and AI (0.50) in between. The omnibus effect was not significant in the
rank-based analysis. The conference version reported this difference in the opposite
direction because the vertical axis of the Affect Grid had been coded inversely there.
Valence, friendliness and competence did not differ.

4.2 Gaze-specific experience

Condition affected the perceived naturalness of eye contact (χ2(3) = 14.84, pFDR =
.007). Eye contact felt least natural with AI-based correction (M = 67.8), com-
pared with BaseVC (M = 76.9), Tele (M = 74.2) and F2F (M = 79.6). It
was rated as less natural in AI than in BaseVC, t(30) = −2.98, pHolm = .034,
dz = −0.54 [−0.91,−0.15], and than in F2F, t(28) = −2.91, pHolm = .035, dz = −0.54
[−0.93,−0.15]; the latter contrast was not robust across sensitivity analyses. The
difference between AI and Tele pointed in the same direction but was not signifi-
cant (dz = −0.35 [−0.72, 0.01], pHolm = .230). The teleprompter did not differ from
BaseVC or F2F. The decrease for AI relative to BaseVC was significant in all
sensitivity analyses except the one based on logged values only.

Eye contact anxiety showed no significant omnibus effect (χ2(3) = 6.67, pFDR =
.182). Descriptively, however, anxiety was highest with AI (M = 24.0 vs. 16.7–18.8
in the other conditions). The contrasts with BaseVC (dz = 0.44 [0.07, 0.80]) and
Tele (dz = 0.39 [0.02, 0.75]) were of small-to-medium size but did not survive Holm
correction (pHolm = .123 and .200). The anxiety effect reported in the conference
version [7] is therefore not supported once multiple comparisons are taken into account.

Perceived intensity of the eye contact did not differ between conditions (χ2(3) =
1.60, pFDR = .678). Perceived intrusiveness was descriptively highest in AI (M = 25.0;
Tele 23.9, BaseVC 18.7, F2F 15.9). The omnibus effect was not significant, however
(χ2(3) = 7.41, pFDR = .135), and neither was the AI–BaseVC contrast (dz = 0.35
[−0.01, 0.71], pHolm = .343). Direct eye contact, own attention and the partner’s
attentiveness did not differ between conditions.
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4.3 Camera awareness and being observed

Video calls, regardless of intervention, made participants aware of the camera. Webcam
awareness was higher in all three video conditions than in F2F (dz = 0.62–0.68, all
pHolm ≤ .009; for BaseVC not with logged values only), whereas the video conditions
were virtually identical (all |dz| ≤ 0.14; equivalence within ±0.5 dz for AI and Tele

vs. BaseVC, both pTOST ≤ .018). Discomfort when looking into the camera was
likewise higher in all video conditions than in F2F (dz = 0.50–0.58, all pHolm ≤ .040;
equivalence between the video conditions, pTOST ≤ .046), although only the contrast
forAI held in every sensitivity analysis. Participants also reported avoiding the camera
more in AI (dz = 0.56, pHolm = .028) and Tele (dz = 0.51, pHolm = .045; not in the
rank-based analysis) than in F2F.

Participants felt more observed in AI than in F2F (dz = 0.60 [0.21, 0.99], pHolm =
.015). The contrasts between AI and BaseVC (dz = 0.45 [0.08, 0.81], pHolm = .085)
and between Tele and F2F (dz = 0.45, pHolm = .086) did not reach significance
after correction. Discomfort due to being recorded showed an omnibus effect (pFDR =
.023), but no pairwise contrast survived correction, and the omnibus effect was not
robust across all sensitivity analyses. Intentional camera gaze did not differ between
conditions.

Descriptively, AI had the highest mean among the video conditions on all six
camera-related items. None of these differences to BaseVC or Tele was significant,
however.

4.4 Gaze behaviour

AI-based gaze correction left participants’ gaze behaviour unchanged (Fig. 3). Par-
ticipants directed the same share of their fixations to the partner’s face in AI as in
BaseVC (.526 vs. .518; dz = 0.06 [−0.31, 0.43]). Their fixations were equally long
(414 vs. 418ms; dz = −0.09), and they fixated at the same rate (89.1 vs. 89.6 per
minute). None of the AI–BaseVC contrasts exceeded |dz| = 0.12. Equivalence tests
established that AI and BaseVC were equivalent within ±0.5 dz on all gaze metrics
and on face size (all pTOST ≤ .026). For the shares of fixations and dwell time on the
face, equivalence held even within ±0.4 dz.

The teleprompter condition differed from both other video conditions. Participants
directed a smaller share of their fixations to the face in Tele (.448) than in AI

(dz = 0.59 [0.18, 0.99], pHolm = .013) and BaseVC (dz = −0.49 [−0.87,−0.10],
pHolm = .027). Their fixations were also longer in Tele than in AI (458 vs. 414ms;
dz = −0.56, pHolm = .018). These differences coincided with a much smaller face on
screen. In Tele, the quiz master’s face covered 6.4% of the frame, compared with
9.5% in BaseVC and 9.7% in AI (χ2(2) = 75.39, p < .001). For dwell-time share
and fixation rate, the omnibus tests were significant, but no pairwise contrast survived
correction.

In all three conditions, face fixations clustered in the upper, central part of the
face (Fig. 4). They were shifted slightly to the left of the face centre (0.11–0.14 face
widths). Because this shift occurred to the same extent in BaseVC, where the video
was not processed, it cannot be attributed to either intervention. The difference map
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showed slightly more fixations around the eyes in AI and slightly fewer on the right
cheek. These differences were small relative to the overall density (at most about 0.06
compared with a peak of about 0.45 percentage points per bin), and we did not test
them inferentially.

5 Discussion

We compared a teleprompter and AI-based gaze correction with a standard video call
and with face-to-face conversation, measuring both the communication experience and
gaze behaviour. Four findings stand out.

5.1 The presence gap is not a gaze gap

The difference between video calls and face-to-face conversation was large and robust.
Co-presence dropped by about 1.5 to 1.8 standard deviations, and perceived engage-
ment, social closeness and usability declined as well. Neither intervention narrowed
this gap: on none of these measures did Tele or AI differ from BaseVC. Restoring
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the appearance of eye contact therefore does not restore the sense of being together,
in line with findings from simulated teletherapy [22]. This fits evidence that live and
mediated faces are processed differently because of the social context, not because of
visual differences in the face itself [15]. Co-presence rests on a shared physical space
and on a broad set of cues, of which eye contact is only one.

The camera-related measures point in the same direction. In every video condition,
participants were more aware of the camera and more uncomfortable looking into
it than face to face. The size of these effects did not depend on the intervention.
Participants were also more aroused in the standard video call than face to face, which
fits this picture of heightened self-monitoring, although the other two video conditions
did not differ significantly from F2F. Gaze correction changes how the partner is
displayed, but it leaves untouched the participant’s own experience of being on camera.
This self-focused side of video communication is not addressed by current eye contact
technologies.

5.2 Artificial eye contact feels less natural

The one robust effect of AI-based correction was the opposite of its purpose: eye
contact felt less natural than in a standard video call. Two mechanisms are plausible.

• Rendering artefacts. In the screen recordings, we observed delayed pupil alignment
and occasionally enlarged-looking eyes [7]. Near-realistic but imperfect renderings
of socially salient features are a classic trigger of eeriness [28].

• Disrupted gaze dynamics. The correction continuously redirects gaze towards the
camera. This removes the natural alternation of looking at and away from the
partner that structures turn-taking [9]. Sustained direct gaze is experienced as
intense [2], and gaze aimed exactly at the camera is not even the gaze that observers
most readily perceive as eye contact [20].

Eye contact anxiety, perceived intrusiveness and the feeling of being observed followed
the same pattern, with small-to-medium effects forAI relative to BaseVC (dz = 0.35–
0.45). These effects did not survive correction for multiple comparisons, and the study
was powered only for effects of |dz| ≥ 0.51. A confirmatory test of effects of this size
would require roughly 40 to 65 participants, and more under correction for multiple
contrasts. Until then, the anxiety effect reported in the conference version should be
regarded as a hypothesis rather than a finding.

5.3 Experience and gaze behaviour are decoupled

AI-based correction changed how eye contact felt, but not where participants looked.
The share of fixations on the face, fixation durations and fixation rates were virtu-
ally identical to those in BaseVC. The unnaturalness of corrected gaze was therefore
registered without any measurable redistribution of visual attention. This has a
methodological consequence: gaze metrics alone would have classified the intervention
as ineffective but harmless, while ratings alone could not show that participants kept
attending to the face as usual. Evaluating gaze technologies requires both levels.
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The teleprompter, in contrast, did change gaze behaviour: participants looked less
at the face, and with longer fixations. These differences, however, coincided with a
face that was a third smaller on screen, because the teleprompter required a greater
distance between quiz master and camera. We therefore attribute them to framing
rather than to gaze alignment. Framing is known to affect perceived distance in video
calls [21]. Mechanical eye contact solutions thus change more than the gaze angle,
and comparisons between approaches must control or at least report the resulting
differences in framing.

5.4 Implications for design

Our results argue against pursuing ever more convincing imitations of face-to-face
gaze. More promising directions are corrections that preserve natural gaze dynamics,
for example partial correction or redirection towards the screen centre rather than the
camera, and interventions that address the self-focus of being on camera. More broadly,
our results support designing for the specific affordances of mediated communication
rather than replicating co-presence [7].

5.5 Limitations

• One AI system. We tested a single AI implementation (NVIDIA Broadcast 2.0) that
produced visible artefacts. Newer models may perform better, so our results do not
generalise to AI-based gaze correction as such.

• Asymmetric setup and task. Only the quiz master’s gaze was corrected. In the
guessing task, the quiz master held the solution and occasionally read from cards,
which interrupted eye contact and created an asymmetric role structure.

• Order. F2F was scheduled only first or last. Ratings of several measures rose over
the session, most likely due to growing rapport. The condition effects persisted when
serial position was controlled, but position and condition are not fully separable.

• Logging error. About 17% of the responses were unchanged prefilled values. These
may attenuate differences between video conditions. The naturalness effect of AI

holds only if these values are treated as valid responses; it was not significant with
logged values only.

• Sample and eye tracking. The sample was small and excluded people who wear
glasses. Eye tracking was not available for F2F. A constant horizontal gaze offset
of the eye tracker was not corrected; this affects absolute positions but not the
comparisons between conditions.

6 Conclusion

Neither a teleprompter nor AI-based gaze correction brought video calls closer to face-
to-face conversation. The large gap in co-presence remained unchanged, and awareness
of the camera was a property of the medium rather than of the intervention. AI-
based correction made eye contact feel less natural, while leaving participants’ gaze
behaviour unchanged. Apparent effects of the teleprompter on gaze behaviour reflected
differences in framing. Restoring the appearance of eye contact is thus not sufficient
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to restore what video calls lack. Future work should preserve natural gaze dynamics,
address the experience of being on camera, and evaluate gaze technologies at the level
of both experience and behaviour.

Supplementary information. Online Resource 1 documents all questionnaire
items and their scoring. Online Resource 2 contains the omnibus tests, all pair-
wise contrasts, descriptive statistics, sensitivity analyses, position models, reliabilities,
eye-tracking results, equivalence tests and the order distribution.
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[7] Wichers, L., Schreiber, L., Möller, S., Spang, R.P.: Gaze in the machine: The
paradox of artificial eye contact in video calls. In: 2025 17th International Con-
ference on Quality of Multimedia Experience (QoMEX) (2025). https://doi.org/
10.1109/QoMEX65720.2025.11219955

[8] Senju, A., Johnson, M.H.: The eye contact effect: mechanisms and development.
Trends in Cognitive Sciences 13(3), 127–134 (2009) https://doi.org/10.1016/j.
tics.2008.11.009

[9] Ho, S., Foulsham, T., Kingstone, A.: Speaking and listening with the eyes: Gaze
signaling during dyadic interactions. PLOS ONE 10(8), 0136905 (2015) https:
//doi.org/10.1371/journal.pone.0136905

[10] Jarick, M., Kingstone, A.: The duality of gaze: eyes extract and signal social
information during sustained cooperative and competitive dyadic gaze. Frontiers
in Psychology 6, 1423 (2015) https://doi.org/10.3389/fpsyg.2015.01423
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