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Figure 1: Left: Haptic audio transducer worn on the chest. Right: System architecture showing how individual heart rates are
normalized, averaged into a collective heartbeat, and transmitted back to each participant through chest-worn transducers at

personalized rates.

Abstract

Social live streaming services (SLSSs) connect millions of viewers
across distance, yet fail to reproduce the togetherness of shared
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physical presence. We introduce collective haptic heartbeat biofeed-
back that transforms viewers’ combined cardiac activity into chest-
worn vibrations, creating ambient awareness of shared physio-
logical participation. A controlled study with 36 participants in
co-located triads demonstrated that this feedback significantly en-
hanced interpersonal closeness (p = .007). We discuss implications
for deploying collective biofeedback in distributed streaming con-
texts where it can restore missing dimensions of togetherness.
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1 Introduction

Social live streaming services (SLSSs) have become central for shar-
ing experiences across distance [26]. Millions watch movies to-
gether, attend live-streamed concerts, and participate in shared
online events, making SLSSs key social infrastructure for maintain-
ing relationships and collectively enjoying media [14]. Their scale
and everyday adoption underscore the importance of mediated
shared experiences in contemporary social life.

Despite their growing prominence, SLSSs provide an incomplete
sense of togetherness. Although they synchronize media consump-
tion, social interaction is largely confined to text chat, symbolic
actions, and platform mechanics [14, 16], missing key qualities of
physical co-viewing: seeing physical reactions, collective energy,
and shared emotional responses [17, 30]. Ergin et al. [5] charac-
terizes this as "incomplete entertainment,’ where platforms favor
individualized enjoyment over collective emotional expression. Vir-
tual co-presence lacks the cognitive and social benefits of physical
proximity [24]. In co-located settings, people naturally coordinate
their physiological responses during shared emotional experiences
[4, 21], which correlates with social bonding [10, 19]. SLSSs render
these collective physiological dynamics imperceptible, creating a
gap between being technically together and feeling emotionally
connected. This motivates a design opportunity: can technology
make collective physiological participation perceptible? Mak-
ing such signals perceptible may externalize otherwise implicit
synchrony, transforming it into an ambient cue of co-participation.
Rather than merely mirroring physiological alignment, collective
biofeedback can function as a social signal that reinforces awareness
of shared emotional engagement during media consumption.

We address this opportunity through collective biofeedback. We
developed a system that captures co-viewers’ cardiac activity, com-
putes a collective heartbeat, and delivers it via chest-worn haptic
transducers. We evaluated the system with 36 participants watch-
ing emotional video clips in triads. The study was conducted in a
controlled co-located setting as a first-step validation of the mech-
anism’s intrinsic social value prior to deployment in distributed
SLSS contexts. This design isolated the contribution of collective
biofeedback while minimizing remote confounds such as latency,
variable audiovisual quality, and interface asymmetries.

We found that collective haptic heartbeat feedback significantly
increased perceived interpersonal closeness. This suggests that
making collective physiological states perceptible can foster em-
pathic connection beyond visual or verbal interaction. Unlike prior
collective biofeedback systems that rely primarily on visual dis-
plays or explicit interaction, our approach investigates chest-based
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haptic aggregation as an ambient, non-visual channel for fostering
shared emotional awareness during media consumption. This work
provides preliminary evidence that collective physiological biofeed-
back enhances perceived togetherness in shared media experiences.
We discuss design considerations for integrating physiological feed-
back into SLSSs, and areas for future research.

2 Related Work

Shared experiences foster social bonds through coordinated emo-
tional and physiological responses. Prior work shows that collective
moments produce physiological synchrony [4, 8], increased pain
thresholds, and stronger group cohesion [4]. Emotional contagion
operates through facial mimicry, synchronized movement, and over-
lapping neural activation [9, 31]. Physiological synchrony refers to
the temporal coordination of autonomic responses such as heart
rate and electrodermal activity [3, 21], and is associated with empa-
thy and rapport during shared emotional experiences [10, 19, 20].
Social presence theory further suggests that connection depends
on perceptible cues of co-participation [15], ranging from gaze,
proximity, and timing to embodied signals such as movement and
physiological alignment [18]. Technologies that render collective
participation perceptible through ambient awareness can therefore
foster genuine feelings of connection [27].

Existing biofeedback systems demonstrate the potential of tech-
nology to foster connection through shared physiological data. Indi-
vidual systems support intimate breathing communication [7] and
VR/MR environments visualizing heart rate or EEG for shared regu-
lation [13, 23, 29]. Group systems such as CoEx [22], AffectiveWall
[32], ClockViz [6], and Heart Sounds Bench [11] explore collective
physiological feedback through visual, auditory, and haptic modali-
ties. Prior work investigated sharing biodata during video viewing
in remote and VR contexts [28]. However, these systems either
address contexts beyond shared media viewing or use modalities
that compete with media content for attention.

Our work extends this research by introducing collective haptic
heartbeat feedback for shared viewing contexts. We investigate
whether ambient awareness of shared physiological participation,
conveyed through chest-worn haptic feedback, offers intrinsic value
for social connection. By studying this in co-located settings, we
examine whether collective biofeedback creates meaningful con-
nections beyond simply compensating for absent information, with
implications for distributed viewing contexts.

3 User Study

This study examines whether conveying a group’s combined car-
diac rhythm strengthens togetherness. The research question is:
can shared haptic heartbeat feedback enhance emotional
connection during collective viewing?

System Design. We developed a system that transmits a collec-
tive heartbeat through chest-worn haptic devices while subjects
watched emotionally evocative video clips together. Each subject’s
heart rate was normalized relative to their baseline H_Rl averaged
across the group, and mapped back to personalized feedback:
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Ni(t) = HRl(i_ HR;
HR;
HRfeedback,i (t) = HRi X (1+ Neollective (1)) (c)
where (a) HR;(t) is subject i’s instantaneous heart rate, (b) normal-
ized values are averaged across the group, and (c) mapped back to
personalized feedback. For example, baselines of 60, 75, and 100
BPM with normalized states of +25%, -7%, and +15% produce a
collective mean of +11% and feedback rates of 65, 85, and 110 BPM.

Subjects and Procedure. We conducted a within-subjects ex-
periment with 36 subjects (12 triads, 16 female, 20 male, ages 18-35)
who were strangers. Subjects were seated approximately 2 meters
from a large display and did not talk during viewing. Sessions be-
gan with a 5-minute baseline to measure resting heart rate (HR;)
with electrocardiogram (ECG) sensors from BlTalino, followed by
individual calibration of vibration intensity. In each trial, two sub-
jects received haptic feedback while one served as control with no
vibration. The control role rotated across trials, and control subjects
wore the same sensors and transducers but were not informed of
their condition to avoid demand characteristics.

Subjects viewed six validated 2-3 minute film clips from the Film-
Stim database [25] evoking varying valence and arousal while their
heart rate was monitored by ECG. After each clip, they rated their
own and the group’s valence and arousal using the Self-Assessment
Manikin (SAM) [2], and interpersonal closeness using the Inclusion
of Other in Self (IOS) scale [1]. Sessions took about 75 minutes.

We designed this study to assess whether collective biofeedback
has intrinsic social value prior to addressing distributed implementa-
tion challenges. Participants were co-located with visual awareness
of one another but instructed not to talk. This controlled design
isolates engagement with feedback while minimizing distributed
confounds such as latency, network variability, and device differ-
ences. By controlling these factors, we evaluate whether shared
physiological awareness provides added value to the experience.

Physiological Measurement. Electrodermal activity (EDA)
was recorded continuously at 1000 Hz using BITalino sensors at-
tached to the non-dominant hand. Signals were low-pass filtered
at 1 Hz and decomposed into tonic and phasic components using
continuous decomposition analysis in NeuroKit 2.0. The tonic com-
ponent, skin conductance level (SCL), reflects overall sympathetic
arousal, whereas the phasic component, skin conductance response
(SCR), captures moment-to-moment orienting and emotional re-
activity. We used SCR frequency, defined as peaks per minute, as
the primary measure of attentional engagement and emotional
responsiveness, since SCL and SCR may vary independently.

4 Results

Social Connection. Haptic feedback significantly increased social
connection. IOS scores were significantly higher in the feedback
condition (Z = 2.705, p = .007), indicating stronger interpersonal
closeness (Figure 2, left). Sixty-one percent of subjects reported
feeling more connected when receiving heartbeat feedback. This
effect occurred without measurable physiological synchronization
or emotional intensity differences between conditions and despite
participants having peripheral visual awareness of one another.

() Neollective () = %Z Ni(t) (b)
i=1
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Self-reported valence and arousal ratings, measured using the Self-
Assessment Manikin (SAM), did not differ significantly between
the feedback and control conditions. This suggests that increased
interpersonal closeness cannot be explained by differences in sub-
jective emotional intensity.

Physiological Responses. EDA analysis found that haptic
feedback modulated sympathetic responses during negative high-
arousal content (fear-inducing clips). Subjects showed significantly
fewer EDA peaks in the feedback condition (Z = —2.199, p = .028),
suggesting reduced physiological arousal (Figure 2, right). However,
they did not report lower subjective arousal ratings for these clips,
indicating reduced sympathetic activation occurred without dimin-
ished engagement. Other physiological measures and self-report
ratings showed no significant differences between conditions.

User Experience. Post-experiment questionnaires supported
these findings (Figure 3). Subjects rated the heartbeat feedback as
comfortable and engaging, with 72% finding it pleasant and 75%
enjoying watching videos with it. The system achieved high rat-
ings for non-intrusiveness without distracting from viewing. While
explicit empathy and synchrony ratings were moderate, qualitative
comments indicated subjects valued the subtle sense of shared pres-
ence: "You have the idea of someone feeling exactly the same as you,
your senses experiencing the same as another person. That connected
with me a bit more" (S7) and "I felt connected knowing it was the
average of everyone’s heartbeats" (519).

5 Discussion

5.1 Emotional Co-Regulation Through
Collective Biofeedback

The reduction in EDA during negative high-arousal content reveals
an unexpected regulatory effect. Subjects showed reduced sym-
pathetic arousal during fear-inducing clips when receiving haptic
feedback, yet maintained subjective engagement. This suggests that
awareness of sharing an emotional experience may provide sub-
tle regulatory influence, dampening physiological stress responses
while preserving attention and interest. The collective heartbeat
may serve as a reminder that others are experiencing the same con-
tent, reducing feelings of isolation during emotionally challenging
moments. Future work should explore whether this regulatory ef-
fect scales to longer-form content and if it varies based on individual
differences in interoceptive sensitivity or social anxiety.

5.2 Ambient Awareness Creates Connection
Without Synchrony

Our findings show that collective haptic heartbeat feedback en-
hanced connection without measurable physiological synchrony
and despite peripheral visual awareness, challenging assumptions
that social bonding requires bodily alignment. Subjects felt closer
because they shared a collective heartbeat, suggesting awareness of
collective participation can be as powerful as actual coordination.
Importantly, they did not dismiss the feedback as redundant with
visual cues. Sixty-one percent reported feeling more connected,
and qualitative comments indicated they valued this signal as dis-
tinct from direct observation. This suggests collective biofeedback
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displays EDA peaks (count) across four video types: negative high arousal (-V,+A), positive high arousal (+V,+A), negative low
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Figure 3: Post-experiment questionnaire results on experiences with our collective haptic heartbeat system. Responses used a
5-point Likert scale (1 = Strongly Disagree, 5 = Strongly Agree) grouped into: Haptic Feedback Perception (comfort, distraction,
sensory overload), Emotional Connection (emotional experience, connection to videos and others, empathy), Synchronization
(self and group synchronization, heartbeat distinguishability, isolation when absent), and General Experience (enjoyment,
future interest).

provides intrinsic value by conveying aggregated physiological in-
formation that complements rather than substitutes for traditional
co-presence cues, with this value likely amplified in distributed
contexts where visual cues are absent.

Although evaluated in co-located triads, these findings inform
SLSS design by demonstrating that collective physiological aware-
ness has relational value even when traditional co-presence cues

are available. This positions the present study as a foundational val-
idation of the mechanism before testing it in distributed streaming
contexts, where such cues are reduced or absent.

These findings establish that people value collective biofeed-
back as a meaningful signal of shared experience, providing critical
understanding before investing in distributed implementation: real-
time physiological streaming across networks, synchronization
despite variable latency, and consistent delivery across heteroge-
neous devices. Our results suggest this investment is worthwhile.
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If collective biofeedback creates a connection when visual cues are
available, it should prove more valuable in SLSSs where there is
an absence of co-presence information. From a design perspective,
SLSSs should focus on making shared participation perceptible
rather than enforcing synchronization. The haptic feedback served
as an ambient signal of togetherness, operating below conscious
attention while influencing closeness. This differs from existing
collective biofeedback systems [11, 22, 32] that visualize group data,
requiring attention that may compete with primary tasks. Haptic
feedback offers a non-visual channel conveying collective states
without disrupting focus on shared content.

5.3 Design Implications for Social Live
Streaming Services

Participants valued the unobtrusive haptic feedback, describing it
as present yet non-distracting. This suggests several design con-
siderations for SLSSs: modality matters, as haptics provide somatic
connection without competing for attention; personalization mat-
ters, as normalized feedback feels natural; and ambiguity may be
beneficial, as precise interpretation may be unnecessary if the signal
conveys shared experience. These principles can guide future work
exploring physiological signals, such as breathing or movement, as
ambient indicators of collective engagement in distributed view-
ing. Our approach emphasizes subtle integration with the shared
experience to help restore co-presence across distance [12].

6 Limitations and Future Work

Despite these promising findings, several limitations remain. Short
clips may not capture the sustained narrative engagement of full-
length content, as one participant noted: "lacks some of the emotion
of a whole film" (S1). Although the laboratory setting with stranger
groups provided a conservative test, validation in real SLSS contexts
is needed, where familiar groups view content at home without
visual co-presence cues. Such naturalistic conditions may increase
receptivity to subtle haptic feedback. Only 61% of participants re-
ported feeling more connected, indicating meaningful individual
variation. Some found the feedback confusing when it diverged
from their own heart rate (S15). Future work should examine pre-
dictive factors such as interoceptive accuracy or baseline social
connectedness. Finally, the effects observed reflect a single short-
term session, and persistence with repeated use remains unknown.
Thus, this study serves as an initial validation of collective biofeed-
back rather than a direct test of distributed SLSS deployment. By
isolating shared physiological awareness under controlled condi-
tions, we establish a foundation for future remote implementation.

Having established that people value collective haptic feedback
as a meaningful signal of shared experience, the critical next step
is distributed implementation addressing technical challenges we
deliberately avoided: maintaining real-time physiological synchro-
nization despite network latency and ensuring consistent quality
across devices. Understanding how collective biofeedback performs
under these constraints and without visual co-presence cues will
validate whether the observed value translates to contexts where
such feedback is most needed. Additional future research direc-
tions include extending to larger groups and longer content for
ecological validity, investigating individual differences to explain
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variation in responsiveness, exploring alternative modalities like
seat vibrations or wrist-worn devices (S15, S36), and examining
therapeutic applications (S30) in remote clinical settings.

7 Conclusion

This study introduced a collective haptic heartbeat system to en-
hance connection during shared viewing. Haptic feedback increased
perceived closeness without measurable physiological synchrony
and despite peripheral visual awareness, demonstrating that ambi-
ent awareness of collective participation has intrinsic value for so-
cial bonding. EDA showed collective biofeedback modulated sympa-
thetic arousal during intense content while preserving engagement.
Subjects found the system comfortable and unobtrusive, indicat-
ing haptic feedback can strengthen connection without disrupting
attention. By demonstrating collective biofeedback creates mean-
ingful connection even with traditional co-presence cues, these
findings establish a foundation for SLSSs where such feedback ad-
dresses a genuine need. Future work should validate these effects
in distributed contexts and investigate individual differences.
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