
• In face-to-face (F2F) interaction, when another’s gaze is perceived to be directed 

toward oneself, it elicits changes in physiological activity (Hietanen et al., 2008)

• E.g., Pupil size, an index of autonomic regulation, increases when eye 

contact is perceived (Honma et al., 2012)

• Changes in autonomic activity mainly emerge in ‘closed-loop’ interactions where 

eye contact cues are being clearly sent and received(Jarick & Bencic, 2019)

• In video-mediated communication (VMC), genuine eye contact behaviour is 

disrupted due to the offset between the camera’s fixed location and the users’ 

changing positions in front of their screens (Troje, 2023a, b)

• As such, the cues that guide eye contact are no longer valid; even though a user 

may look at their partner’s eyes on the screen, that partner may receive cues 

indicating that their partner is looking elsewhere → eye contact is not possible

• Here, we refer to instances of two people simultaneously gazing at the eyes of 

each other across F2F and VMC as mutual gaze (MG), which can be broken into 

6 sub-events (Fig. 1)
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0→M

M→0

M→D

D→0

0→D = P1 looking away to making direct gaze 

0→M = P2 looking away to making MG

D→M = P1 making direct gaze to making MG

M→0 = P1 making MG to looking away

M→D = P2 making MG to making direct gaze

D→0 = P2 making direct gaze to looking away
Figure 1. Example of the sequence of one MG event. 

P1 denotes participant 1, P2 denotes participant 2. 

Participants

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

• 64% female

• Age = 18-43

• Participants had normal or corrected-to-normal vision

Apparatus 

• Pupillometry and eye gaze data collected using Tobii Glasses 3 (50Hz)

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

Methods
Procedure and Design

• One within-subjects experiment

• Measured pupil responses while dyads played “Heads-Up” (8 min) across three viewing 

conditions: F2F, F2F through an iPad-sized window (F2F [window]), or over a Zoom using an 

iPad (Zoom)

• Counterbalanced the order of conditions over participants

Figure 2. Timeline of one condition. 

Questioner = asked yes/no questions 

about a celebrity, Responder = replied 

yes/no 

1st Half

SJ 1: Responder

SJ 2: Questioner 

4 mins

4 mins

2nd Half

SJ 1: Questioner

SJ 2: Responder 
Time

• To determine how condition impacts changes in pupil 

size variability from before to after MG sub-event 

onset, a two-way repeated measure ANOVA was 

conducted with condition and sub-event as the 

independent variables and change in mean pupil size 

SD (ΔSD) as the dependent variable (Table 1). 

• ΔSD = SDAfter – SDBefore, where “Before” is mean SD 

of a 250ms window before sub-event onset and 

“After” is mean SD of a 250ms window after onset. 

• Simple main effects tests showed that SD significantly 

decreased after onset of 0→D in F2F and F2F 

window relative to Zoom.

• Examine how VMC impacts eye contact-elicited changes in autonomic regulation relative 

to F2F communication 

• Two questions: 

1. Which MG sub-event elicits the most consistent changes in pupil size across 

participants?

2. How does pupil size variability surrounding each MG sub-events differ between F2F 

and VMC? 

Figure 3. Mean pupil size changes relative to baseline by viewing 

condition from −4 to +4 seconds around the onset of each MG sub-

event. Shaded ribbons show 0.25 × the mean standard deviation, 

computed per participant at each time point and then averaged within 

each viewing condition. Baseline was the mean pupil size of each 

participant per viewing condition when gaze fell within a >30-100mm 

ring around the face of their partner
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Figure 4. Mean standard deviation (SD) of pupil size by viewing 

condition from -4 sec to +4 seconds around the onset of each eye 

contact sub-event. SD over time was computed per participant at 

each time point and then averaged within each viewing condition. 
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Figure 5. Change in pupil size variability (ΔSD) from -250ms 

before to +250ms after MG sub-events by viewing condition. Bars 

show condition means; error bars are standard error of the mean. 

Negative values indicate a decrease in variability after onset. 

Holm’s post-hoc tests evaluated simple effects. * p < .05
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Figure 6. Overall change in mean pupil size SD between MG states. 

Error bars are mean standard error. Negative values indicate a decrease 

in variability for the second state vs. the first.
Note. In case of sphericity violation, Greenhouse-Geisser 

correction was applied to that test’s respective degrees of 

freedom. Ƞ2p denotes partial eta squared. *** p <.001, ** p < 

.01, * p < .05.

Variable F p Ƞ2p

Viewing condition 0.80 1.69 ,21.95 0.442 0.06

Sub-event 9.53 2.76 ,35.88 0.000 *** 0.42

Viewing condition X Sub-event 2.75 4.53 ,58.86 0.031 * 0.17

df

Table 1. 

Two-way repeated measures ANOVA and effect sizes for delta 
SD as a function of viewing condition and MG sub-event. 

• Across participants, direct gaze produced the most consistent changes in pupil size, suggesting that autonomic effects of MG are driven primarily by the onset of direct gaze.

• During direct gaze, pupil size changes were less consistent in VMC than F2F conditions, consistent with Troje’s (2023a, 2023b) account that VMC disrupts closed-loop gaze 

dynamics, as well as with evidence that physiological responses differ when viewing pictures of faces making direct gaze versus live faces (Hietanen et al., 2008).

• To further clarify which component of MG events elicits 

the most consistent changes in pupil size across 

participants, we visually evaluated the overall mean 

change in SD between MG states (Fig. 6).

• Overall mean pupil size SD decreased more during 

direct gaze states relative to being in a no-interaction 

state, suggesting a consistent effect of direct gaze on 

pupil responses (0vsD).

•  MG relative to no-interaction produced a smaller 

reduction in variability, indicating a less reliable 

influence on pupil responses (0vsM)

• Variability during direct gaze and MG states are nearly 

indistinguishable (DvsM).
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