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Introduction Purpose and Approach

Human communication involves the coordination of verbal and non-verbal processes.

Coordination can occur on the behavioural level (e.g., turn-taking, mimicry) but also on a physiological

level (i.e., physiological synchrony, e.g., cardiac activity, skin conductance, neural; Palumbo et al.,
2017).

Pupil size synchronizes within dyads during face-to-face (F2F) communication (Wohltjen & Wheatley,

2021), potentially because of similar responses to jointly experienced social events (De Felice et al.,
2025).

Mutual gaze (MG) is a possible mechanism underlying synchrony: it is reciprocal and results in pupil
dilation, so both partners experience physiological changes closely in time (Honma et al., 2012).

However, it remains unclear whether MG triggers consistent changes in pupil size that could converge
to produce pupil synchrony.

In video-mediated communication (VMC), closed-loop directional cues underlying genuine MG are
disrupted due to the offset between the fixed location of the camera recording the remote user and the
changing location of the local user in front of their screen (Troje, 2023).

Comparing MG-evoked changes in pupil size between VMC and F2F offers a test for whether genuine
MG underlies pupil synchrony.

Methods

Participants
N = 24 (12 mixed- and same-gender dyads)

58.33% female, age: M+SD = 22+5.71
Participants with normal or corrected-to-normal vision

F2F Standard face-to-face P1: Responder
Apparatus P2: Questioner ond Half
0 T
. : : ' P1: Questioner
Pupillometry and eye gaze data collected using Tobii Glasses 3 (50Hz) F2F  Face-to-face through a barrier P2: Responder

Head orientation was measured using OptiTrack motion capture (120Hz)

Data were synchronized via TTL pulses sent from eye tracker of P1 to eye tracker
of P2 and motion capture system

Zoom

Results

Independent variables: sub-event (6 levels) and viewing condition (3 levels).

between 250ms windows immediately before and after sub-event onset.

Change in pupil size by viewing condition and MG sub-event

An MG event can be decomposed into six qualitatively distinct sub-
events reflecting staggered transitions in social gaze states (Figure 1).

To characterize the dynamics of synchrony, examined magnitude and
consistency of pupil responses time-locked to each sub-event

Objectives:

1. ldentify MG sub-events responsible for eliciting consistent

changes in pupil size.

2. Test whether the fidelity of directional gaze in F2F vs. VMC
affects the magnitude and consistency of sub-event-evoked
pupil responses.
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Figure 1. Example of the sequence of MD = MG-to-DG transition

one MG event. DO = DG-to-averted transition

(window) with an iPad-sized window

Through a Zoom call via iPads
iInserted into the same barrier

Procedure and Design

Measured pupillometry, eye gaze, and head orientation while each dyad played 3 rounds
of “Heads-Up” across three viewing conditions (within-subjects design)

1st Half

Time (min) 3

Figure 2. Heads-Up game sequence.
Questioner = asked yes/no questions about a
celebrity, Responder = replied yes/no

paoue|eq4aunNo)

MG events were decomposed into six sub-events, and pupil responses were extracted in an 8-second window (t4s) around each sub-event onset.
Computed the average pupil response relative to baseline (Figure 3) and standard deviation (SD) of pupil size within participants (Figure 5).

Dependent variables: change in mean pupil size around sub-event onset (APS) and change in pupil size standard deviation (ASD), each calculated as the difference

Both dependent variables were submitted to separate 6X3 repeated measures ANOVAs. Holm’s post-hoc test evaluated pairwise comparisons.

Change in pupil size SD by viewing condition and MG sub-event
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Face-to-face — Zoom
(window)

Figure 3. Mean pupil size relative to baseline (mm)
by viewing condition £4s around each MG sub-
event.

Viewing Condition — Face-to-face

Figure 4. Change in mean pupil size (APS) from -
250ms before to +250ms after MG sub-events.
Positive value = pupil dilation. *p<.05, **p<.01

Viewing Condition — Face-to-face

Figure 5. Standard deviation of pupil size by
viewing condition £4s around each MG sub-event.

Face-to-face — Zoom Viewing condition

(window)

Figure 6. Change in pupil size SD (ASD) from -
250ms before to +250ms after MG sub-events.
Positive value = increase in variability. *p<.05.

APS differed significantly by sub-event (F(2.07, 43.45) = 1.16, p<.001, n?p = .36) but not
by viewing condition, nor was there a significant interaction.

0D (averted-to-DG transition) elicited the largest pupil dilation which was significantly
greater than most other sub-events (except OM; Figure 4).

Discussion

ASD differed significantly by sub-event (F(2.70, 56.77) = 9.48, p<.001, n% = .31),
which was qualified by a significant sub-event X viewing condition interaction (F(4.71,
98.82) = 3.07, p=.015, n?%p = .13).

In F2F conditions, variability in pupil responses decreased after 0D onset, suggesting
that pupil size increased consistently across participants after the initiation of direct
gaze (Figure 6). Variability increased after OD onset in Zoom.

Initiation of DG (0D) rather than MG onset itself elicited the largest and most consistent changes in pupil dilation, suggesting this sub-event is likely responsible for changes in

autonomic arousal during MG and whose convergence between partners leads to pupillary synchrony during F2F communication.

VMC disrupted the consistency of OD-elicited responses without reducing magnitude, indicating that disrupted directional gaze cues affect the reliability of pupil responses to direct
gaze and this may be sufficient to reduce synchrony over these platforms (Sato & Sato, 2025).

Future research should examine which component of the camera-user offset in VMC is sufficient to restore MG-evoked changes in pupil size.
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