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The advent of immersive technologies has shifted the creative landscape in the 
performing arts, presenting new opportunities for audience interaction and 
engagement. While physiological measures have previously been used to evaluate 
audience’s emotional and attentional responses in performances, the mediation of 
audience participation through augmented reality interfaces provides a new context 
in which we can investigate individual and collective experiences. This study explores 
the feasibility of autonomous nervous system recording as a measure of audience 
engagement and group synchrony during a participatory immersive performance 
prototype that integrates circus, movement, music and interactive technology. Wearable 
sensors, connected by Bluetooth, were used to record electrodermal activity fingertip 
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temperature and heart rate variability in 20 participants. We obtained continuous and 
reliable data from twelve participants, and our analysis revealed distinct physiological 
responses corresponding to different performance segments, highlighting moments 
of high arousal and engagement during interactive activities. The mean single session 
index for electrodermal activity was calculated as a measure of group synchrony, 
showing trends towards differences across show segments. Overall, we demonstrate 
the feasibility of using physiological signal recording to investigate individual and 
collective audience experiences in participatory and immersive performances and 
discuss important considerations for research-creation collaborations.

L’avènement des technologies immersives a modifié le paysage créatif des arts du 
spectacle. Ces innovations offrent de nouvelles opportunités en matière d’interaction 
et de participation du public. Par le passé, des mesures physiologiques ont permis 
d’évaluer la réaction de l’assistance en termes d’émotion et d’attention lors de 
performances. Mais la médiation de la participation du public par le biais de la réalité 
augmentée propose un contexte inédit pour analyser des expériences individuelles et 
collectives. Cette étude explore la faisabilité de prendre en compte l’enregistrement du 
système nerveux autonome pour mesurer la participation du public et la synchronie 
de groupe durant une performance immersive et participative type intégrant le cirque, 
le mouvement, la musique et les technologies interactives. Différentes données ont été 
collectées parmi un panel de 20 participant·e·s grâce à des capteurs portables connectés 
par Bluetooth  : l’activité électrodermale, la température à l’extrémité du doigt et la 
variabilité de fréquence cardiaque. Nous avons obtenu des informations fiables et 
continues avec douze participant·e·s. De plus, notre analyse a révélé des réactions 
physiologiques distinctes correspondant à différents segments de la performance, 
mettant en valeur des moments de stimulation élevée et de forte implication pendant 
les interventions interactives. On a calculé l’indice moyen de session unique (single 
session index – SSI) pour les signaux de l’activité électrodermale afin de mesurer la 
synchronie de groupe, montrant des écarts entre des segments du spectacle. Dans 
l’ensemble, nous démontrons la faisabilité du recours à l’enregistrement de signaux 
physiologiques pour étudier des expériences individuelles et collectives d’un public 
lors de performances participatives et immersives, ainsi que pour discuter d’éléments 
importants dans le cadre de collaborations entre recherche et création.

Keywords: immersive technologies, augmented reality, audience participation, 
audience engagement, physiological synchrony, physiological recording, technologies 
immersives, réalité augmentée, participation du public, implication du public, 
synchronie physiologique, enregistrement physiologique

Introduction

The performing arts (e.g., circus, dance, music, theatre) excel at creating con-
nection between the artist and audience and provide a unique social context 
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in which individuals share in an aesthetic experience and affective response as 
part of a collective.1,2 The sense of “being moved” and social togetherness is 
heightened when the audience may engage with their body; for instance, the 
embodiment of music in synchronous swaying or clapping enhances enjoy-
ment and promotes prosociality.1,3 The emergence of digital media, such as 
augmented reality (AR) and interactive technologies, offers performing artists 
new creative avenues to enter in relation with the audience and to mediate the 
collective experience. AR and virtual reality (VR) could enhance theatrical sto-
rytelling and allow the audience to participate in novel ways without replacing 
traditional theatre forms, but instead complement them by deepening emo-
tional and social connections.4 Moreover, dramaturgical affordances of AR in 
transforming audience participation and interaction can reshape spectatorship 
and allow performances to become more immersive and responsive to real-
time audience behavior.5 However, these novel formats challenge audience 
members’ traditional physical and conceptual relationship to the performers 
and one another, disrupting boundaries and de-hierarchising many theatrical 
norms in the process.5–9 The successful integration of immersive and interactive 
technologies in the performing arts thus necessitates a better understanding of 
how these technologies alter both the individual and collective aesthetic expe-
riences, as well as the emotional engagement of the audience. The integration 
of physiological measures into the study of audience engagement provides dis-
tinct advantages over traditional observational or self-reported methods. These 
measures capture continuous, real-time, objective data that reflect emotional 
and attentional changes during a performance. Unlike post-performance sur-
veys, which rely on memory and subjective interpretation, physiological data 
offer direct and unbiased insight into how the audience responds to specific 
moments.1,10–12 Furthermore, the use of biological measures capture real-time 
data in natural settings, providing neuroscience research with more ecologi-
cally valid insights into how the brain and body function in real-life scenarios. 
This timely information can assist creators of performance in optimizing their 
work as well as contribute to designing such performances that would dynam-
ically adapt to the degree of engagement of the audience by highlighting the 
most captivating parts of the content.13 This information can also enable the 
creation of personalized experiences, such as in virtual reality, where perfor-
mances can be tailored in real-time to an individual’s reactions, offering a new 
level of audience interaction by dynamically adjusting the content to enhance 
engagement and deliver more immersive, customized experiences. Rather than 
focusing solely on the mechanics of the technology, our aim is to understand 
how AR provides new opportunities for audience engagement on an individ-
ual and collective level, and, by extension, the social and emotional dynamics 
of participatory performances.
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These questions were the impetus behind the participatory performance Lab-
O, a creative collaboration between Montreal-based multi-media entertainment 
company Moment Factory and the circus company The 7 Fingers. Lab-O uses circus 
acts, motion tracking, augmented reality (AR) and narrator-guided group activi-
ties to orchestrate a social experiment with the goal of fostering a sense of connec-
tion. The show could be described as a new, hybrid format in the performing arts, 
where immersive technologies facilitate an interactive, participatory environment 
that still incorporates traditional performance element. It explored the theme of 
social cohesion and feeling connected to others. The success of this performance 
can be assessed by another technology: wearable sensors that allow for real-time 
recording of physiological states.10,12,14 Changes in autonomic nervous system 
(ANS) signals are informative in tracking participants’ emotional and attentional 
engagement throughout an immersive multi-sensorial activity,15 and can also elu-
cidate the synchronous physiological activity that underlies social engagement, 
bonding and cohesion across the lifespan.16 Measures of physiological interper-
sonal synchrony can be an important complement to behavioural studies of social 
interactions and relational dynamics; their inclusion has advanced our under-
standing of the emotional bonds and sense of connection that arise in shared aes-
thetic or embodied experiences.1,15,17–19 Physiological synchrony has successfully 
been used to study the relationship between audience members and presenters.12 
Lastly, studying the physiological reactions to a performance mediated by immer-
sive technologies and with freely moving participants presents new practical chal-
lenges for data recording of an audience experience.

In this study, we investigated the audience’s experience during the proto-
type phase of Lab-O and addressed both the logistical and theoretical questions 
of real-time physiological signal recording in this context. We used wearable sen-
sors to record participants’ ANS signals throughout the performance as a read-
out of participants’ individual attentional states and as markers of moments of 
interpersonal synchrony. We present the findings of our proof-of-concept study 
and provide recommendations for investigating individual and collective expe-
riences in emerging performance formats.

Methods

Participants

Ethical approval was obtained from the Institutional Review Board of McGill 
University (A05-B42–22B) and the National Circus School Review Board (CER 
2122–13C). Participants were recruited through an email invitation sent to all 
show attendees several weeks in advance of the show containing details about 
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the study. All individuals who volunteered by responding to the email were 
accepted to participate in the study. Participants arrived 30 minutes in advance 
of the show to be briefed on the study and signed an informed consent form. In 
total, 20 participants (55% female; aged 21–65 years old) took part in the study.

Description of activity

The participants engaged in a 50-minute participatory performance called Lab-
O. The show took place in a large open room and used motion tracking and 
AR projections on the walls and floor to create immersive interfaces with which 
the participants interact throughout the performance. Before entering the space, 
participants were instructed to put on a silver tunic, underwent a mock screen-
ing test and were assigned a number, giving the sense that they were all partic-
ipating in a playful psychosocial experiment. To further establish this scenario, 
a disembodied voice, the “master of ceremonies,” provided instructions to par-
ticipants throughout.

The show was broken down into eight distinct activities, each with their own 
AR interface and accompanying audio (descriptions in Table 1 and photos in 
Figure 1). A guide helped participants discover the various interfaces in each sec-
tion, and a few circus artists were planted amidst the participants to perform at 
various moments. The integration of circus performers, who were initially mixed 
in with the group, was intended to demonstrate the creative potential contained 
within each of us, while also challenging perceptions and encouraging open-
ness to seeing beyond our assumptions. The addition of circus performances 
enhanced the experience for participants, offering them a spectacle as well as 
making them an integral part of the experience. The aim was also to encourage 
the audience to join in with the artists and play with this new-genre playground. 
This hybrid experience blended elements of traditional performance with par-
ticipatory elements, combining immersive technologies, audience interaction 
and artistic performance. Rather than relying solely on performers to deliver the 
artistic content, this work involves both audience participation and performative 
moments, creating an integrated experience that blurs the line between observer 
and participant. The hybrid nature of this project lies in its focus on the interac-
tive engagement of participants, while still incorporating performative elements 
where professional artists take on significant roles within key segments.

Physiological measures

The ANS has two sub-systems: the parasympathetic nervous system (associ-
ated with “rest and digest”) and the sympathetic nervous system (associated 
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Figure 1. Photos of A) Move Together, B) Musical Harmony, C) Rorschach and D) Cyr 
Wheel segments of Lab-O. Photo by Kun Chang.

with “fight or flight”). When humans experience stress or anxiety, the sympa-
thetic system gets excited and the parasympathetic system is inhibited, while 
the opposite occurs in relaxed states. Thus, changes within ANS signals such as 
electrodermal activity, heart rate and skin temperature (Table 2) relate to internal 
emotional or mental states.15

Data collection

Before entering the show, participants were briefed on the research study and 
the physiological monitoring technology. Participants were given a triple-
physiology sensor (TPS; Thought Technology Ltd, Montreal, QC, Canada), 



42 • Marion Cossin et al

 Circus: Arts, Life and Sciences • vol. 4, no. 1 • 2025

Table 2. Physiological variable studied.

Physiological variable Description
Electrodermal activity 
(EDA)

Electrodermal activity (EDA), also known as 
galvanic skin resistance and skin conductance, 
reflects the amount of sweat in the skin, and can 
change spontaneously or reflexively in response to 
both external and internal stimuli. These stimuli 
include emotional thoughts, memory recall or 
encounters with novel, startling or threatening 
situations and may evoke electrodermal reactions 
(EDRs) that appear as transient peaks in the 
signal.15

Fingertip skin 
temperature (TEMP)

Fingertip temperature varies as a function of 
homeostatic thermoregulatory vasodilation and 
vasoconstriction of blood vessels.20 It is used as a 
read-out of sympathetic activity but is dependent 
on the subject’s body temperature. Sympathetic 
excitement causes vasoconstriction, reducing heat 
radiation when the initial temperature is above 
33.2°C. Below this temperature, vasodilation occurs 
and vasoconstriction is not possible. Fingertip 
temperature has been shown to increase in response 
to mental relaxation and to decrease in response to 
stimuli such as sudden noises, fear, pain and mental 
stimulation.15

Heart rate variability 
(HRV)

The heart rate variability is calculated from the 
blood volume pulse (BVP). When individuals 
concentrate on the external environment and engage 
in heightened sensory information gathering, their 
heart rate tends to decrease. Conversely, during 
internal focus or when sensory input is reduced, 
heart rate has been found to increase.20 Additionally, 
higher heart rates have been observed during 
elevated levels of stress and anxiety.12,16 Changes in 
the inter-beat intervals over time are reflected in the 
HRV, with a steady heart rate corresponding to a 
low HRV and a variable heart rate corresponding to 
a high HRV.
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a wearable device that is attached to the fingertip by a Velcro strap. The TPS 
records three ANS signals: 1) EDA, 2) TEMP 3) and BVP, which is used to obtain 
the heart rate and HRV. These signals are sampled at 15, 15 and 75 Hz, respec-
tively, and are transmitted wirelessly using Bluetooth to an application on an 
Android phone.15,20

Participants were instructed to attach the TPS device on their non-dominant 
index finger and all devices were tested for proper functioning. Baseline physi-
ological measures were obtained for a period of two to five minutes in a waiting 
room outside of the show room.  The research team entered the performance 
space with the participants and set up behind a screen to monitor the Bluetooth 
connections between the TPS devices and the phones. We used timestamped 
comments captured within the signal recording application to mark the begin-
ning of the show and the transitions between sections and for additional obser-
vations throughout the show. We subsequently synchronized the signals across 
phones by marking the show start timestamp, enabling us to compare the phys-
iological recordings across all participants.

Data analysis

Eight participants were excluded from the analysis: two before any pre-
processing and the remaining six due to partially missing or erroneous data to 
ensure a consistent number of datapoints throughout all analyses. The “Move 
Together” and “Cyr Wheel” sections were excluded entirely from analysis due 
to insufficient data, as the former involved only a subset of participants and the 
latter occurred at the end of the show when many TPS sensors had lost stable 
Bluetooth connection.

The data from the remaining twelve participants underwent pre-processing to 
eliminate non-physiological artifacts. We applied a 1-D median filter (order n = 75)  
and a moving average filter with a 0.75-second window to smooth the data. 
Additionally, we utilized a one-Euro filter on the EDA signal to reduce jitter and 
lag, an exponential decay filter to the TEMP signal and a cubic smoothing spline 
to the HRV signal.

Audience engagement

In this context, audience engagement was measured via physiological arousal. 
Following the pre-processing, the signals were divided by performance section 
and analyzed individually, extracting the following features over a sixty-second 



44 • Marion Cossin et al

 Circus: Arts, Life and Sciences • vol. 4, no. 1 • 2025

window: 1) average EDA slope, 2) average TEMP slope and 3) average HRV. 
These features were utilized in the following manner: 1) the standard devia-
tion of the slopes of the EDA was used to determine the presence or absence of 
EDRs; 2) the median of the slopes of fingertip temperature was used to deter-
mine its general increasing/decreasing trends; 3) HRV was used to note moments 
of higher or lower variation throughout.

Interpersonal physiological synchrony

We used the single-session index (SSI) metric to quantify group synchrony in the 
EDA signal across the various show segments. SSI was calculated for all possible 
dyadic combinations between participants, and the mean of the resulting SSIs 
was calculated to represent the group SSI.

The EDA signals from both participants in the dyad were standardized using 
Z-scores to enhance their comparability.21,22 The average slopes of the EDA signals 
were then determined by analyzing overlapping five-second segments with a step 
interval of one second.15 To evaluate physiological alignment between the partic-
ipants, referred to as physiological concordance (PC), successive Pearson correla-
tions were computed between the two sets of trends, employing a sliding window 
of fifteen seconds and a step interval of one second. The SSI was computed from a 
correlation array R by applying the natural logarithm to the ratio of the cumulative 
positive correlations and the magnitude of the cumulative negative correlations:

SSI ln
R
R

R

R

� �

�

�
�

0

0

The SSI was computed over the length of each show section to analyze dyadic 
interpersonal physiological synchrony amongst participants during the per-
formance.23 To assess group synchrony, the mean SSI was calculated for every 
dyad for each performance section, providing a coarse measure of which sec-
tions evoked the most synchronization. The statistical significance of the mean 
SSI was evaluated using Monte Carlo shuffling, a technique also used in earlier 
investigations of the PC index.24 For each pair under consideration, the Pearson 
correlation was calculated using the EDA signals, with the time sequence of one 
participant kept intact while the time series of the other participant was ran-
domly shuffled. This process was iterated 1,000 times. The actual SSI measure-
ments were then contrasted with the distribution of shuffled SSI values. Results 
were deemed statistically significant if they surpassed the upper fifth percentile 
of this shuffled distribution and otherwise set to zero.
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Statistical analysis

Data was tested against the normal distribution using the Kolmogorov-Smirnov 
test and the Shapiro-Wilk test, both strongly rejecting the null hypothesis of nor-
mality. Accordingly, Friedman’s non-parametric test was performed in place 
of the repeated-measures ANOVA to test for statistically significant differences 
between the show segments within each of the three features. Following a 
Bonferroni-adjusted result of p<0.05, pairwise post-hoc comparisons were per-
formed using a paired-sample Wilcoxon signed-rank test. For every feature and 
every pair of show segments, the significance of the difference was assessed against 
a threshold of 0.05, Bonferroni-adjusted for the total number of pairs. When sig-
nificant, individual p-values were reported along the corresponding pair.

Results

Audience engagement

The pre-processed physiological signals presented in Figure  2 correspond to 
the activities of the performance described in Table 1. Peaks in the EDA signals 
during “Avoid the Red” and “Rorschach,” activities involving high levels of phys-
ical interaction and/or unexpected elements, indicate high levels of arousal or 
engagement. TEMP variations were observed throughout the performance with 
many moments of inflection corresponding with a change in activity. Decreases 
in skin temperature were noted particularly during the “Avoid the Red” or “Cir-
cle Part” segments, indicating sympathetic nervous system activation in response 
to changing external stimuli. Conversely, periods of relaxation, such as “Musical 
Harmony” or the water break, showed a gradual increase in fingertip tempera-
ture. Large peaks in HRV were observed during the “Musical Harmony” segment.

The mean standard deviation of the EDA slopes, the mean of the median 
TEMP slopes and the mean average HRV across all show activity segments are 
illustrated in Figure 3. The standard deviations of EDA slopes were highest in 
the “Musical Harmony” segment, suggesting greater fluctuation in physiological 
arousal levels, although this variation was only significantly different from that 
observed in the “Circle” segment (p<0.05). The variation in TEMP differed sig-
nificantly across segments (p<0.05), with the most stable TEMP observed during 
“Musical Harmony”. The largest rates of increase in TEMP were observed in 
“Circle” and “Painting,” suggesting periods of reduced physiological arousal 
and increased relaxation. While variations in heart rate were observed through-
out, they were particularly elevated in the “Circle” segment and differed signifi-
cantly between “Avoid the Red” and “Painting” (p<0.05).
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Physiological synchrony

The SSI for the EDA signals in Figure 4 illustrates the group mean within each 
show segment, calculated from all possible participant pair combinations and 
compared to chance (Monte Carlo shuffling). A representative example of syn-
chronized EDA signals between two participants is shown in Figure 5. Mean SSI 
values were higher in all show activities compared to during the “Water Break,” 
which is represented as a control line given that we do not expect behavioural 
or physiological synchrony in this segment. Positive mean SSI values suggest 

Figure 2. Group average (n=12) of audience EDA (electrodermal activity), TEMP 
(fingertip skin temperature) and HRV (heart rate variability) during the entire show over 
time with timestamps of the activities described in Table 1.
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high group physiological synchrony during the “Survey” and “Avoid the Red” 
segments, whereas participants’ EDA signals are less synchronized in “Ror-
schach”. However, a comparison by segments did not reach statistical signifi-
cance (p=0.35), likely due to the high variability in the data; thus, there is not 
enough evidence to reject the null hypothesis.

Discussion

This study aimed to test the feasibility of real-time physiological signal record-
ing as a measure of audience engagement in a novel immersive performance, 

Figure 3. Mean standard deviation of the EDA slopes (top), mean of the median TEMP 
slopes (middle) and mean average HRV (bottom) across all show segments. Bonferroni-
adjusted p-values of significant pairs are indicated.
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and to investigate whether physiological synchrony across audience members 
would vary based on their level of participation and interaction. We success-
fully recorded physiological signals from 20 participants while they actively 
engaged in a participatory performance, moving in a large space in response 
to an AR environment. Following data quality control, we were able to analyse 
continuous physiological signals from twelve participants, who showed dis-
tinct responses in EDA, TEMP and HRV corresponding to the different activ-
ities through the show. Moreover, we observed trends in group physiological 
synchrony, as indicated by positive SSI values. These outcomes underscore 
the potential of using wearable sensors for monitoring physiological reactions 
during immersive and interactive performances and provide preliminary 
findings on the individual and interpersonal experience in emerging artistic 
contexts.

The analysis of EDA, TEMP and HRV revealed distinct physiological 
responses associated with different segments of the performance. Activities that 
required physical engagement and sustained attention, or that involved unex-
pected elements, such as “Avoid the Red” and “Rorschach,” elicited significant 

Figure 4 . Mean single-session index (SSI) for the EDA signals for each show segment 
computed for all possible dyads among the participants with “Water Break” illustrated 
as a baseline.
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peaks in EDA. These segments involved coordinated activities and collective 
participation, fostering a sense of unity and shared experience among the audi-
ence members. This aligns with previous research showing that interactive and 
physically engaging activities can enhance emotional engagement.1,14,19 Con-
versely, segments like “Painting,” which involved more passive participation, 
were associated with increasing TEMP, suggesting states of relaxation and lower 
arousal. These findings support the idea that both active and passive elements of 
a performance can contribute to overall engagement by providing a balance of 
excitement and relaxation.3,16

The higher group SSI values during “Survey” and “Avoid the Red” segments 
suggest that activities fostering interaction and collective movement can enhance 
synchrony among participants. In these two segments, we can assume that the 
fact that the instructions were well-defined and delimited in time meant that the 
group’s physiological reactions were more synchronized overall. These results 
expand on previous research which showed that immersive environments facil-
itate a sense of shared presence among audience member.8 While both activities 
focused on an individual task behaviour rather than interpersonal interaction, 
previous research suggests that co-presence alone can contribute to emotional 

Figure 5 . Representative example of EDA signal synchrony between two participants 
(P15 and P19) during the “Musical Harmony” segment.
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and physiological alignment. For example, spectators of live theatrical perfor-
mances exhibited increased cardiac synchrony and a subsequent convergence of 
emotional evaluations.1 In the case of the “Survey” segment, individual action 
may have additionally been reinforced by observing the response selection of 
other participants. While the analysis of physiological synchrony (SSI) across 
audience members did not reach statistical significance, the trends observed offer 
potential insights into how immersive and participatory performances may fos-
ter a shared emotional and attentional response. Although these results should 
be interpreted cautiously due to the lack of statistical significance, they provide 
a basis for further investigation into how shared physiological responses align 
with emotional and cognitive engagement and underlie joint attention and action 
in interactive performances. This preliminary insight adds a new dimension to 
our understanding of how digital and immersive technologies could enhance 
not only individual but also collective audience experiences in future studies. 
Given a larger sample size, it may be interesting to compare the physiological 
synchrony among participants who moved to the same response circle on the 
floor with those who moved to another.

While not possible given our sample size, sub-group analyses may have 
offered a more granular perspective on physiological synchrony across specific 
audience members. While “Survey” and “Avoid the Red” involved the same 
instructions for all participants, several of the other show segments divided 
participants into sub-groups. For example, in “Painting,” only one to four par-
ticipants digitally “painted” on the floor with their movement, while the rest 
observed. This likely contributed to the high variability in individual responses, 
thereby diluting group effects. With a greater number of participants, we may 
have uncovered differences between those actively engaged versus witness-
ing an activity. This would have been particularly interesting in “Musical Har-
mony,” in which the group was split in two to compose a piece of music. Given 
that physiological (heart rate, respiration rate, skin conductance response) and 
movement synchrony has been observed amongst audience members during 
classical music concerts, which was linked to self-reported emotional and 
aesthetic experiences,3 it is compelling to consider how controlling the music 
through bodily movement and collective action in Lab-O would impact these 
measures. Lastly, given individual variability in physiological responsiveness, 
including biological sex differences,25 future research with larger sample sizes 
would benefit from separating participants into sub-groups based on their pri-
mary responsive ANS signal as determined in a baseline recording. Overall, this 
highlights the complexity of measuring group synchrony in a performing arts 
context and suggests that individual differences in engagement and interaction 
levels can influence overall synchrony.12,26
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The results of this study need to be considered in light of several limita-
tions. First, the recruitment strategy relied on an email invitation sent to indi-
viduals who had signed up for the show. This approach may have led to a 
participant group who were not entirely representative of a normal audience. 
We recognize that the immersive nature of the performance could introduce 
barriers to accessibility for diverse audience members, an important consid-
eration for future research.27 In future studies, recruitment efforts should aim 
to reach a more diverse audience in terms of demographic variables and prior 
exposure to immersive experiences to better understand how different groups 
respond to such performances. Secondly, it is possible that the level of physical 
activity required during certain parts of the performance affected the physio-
logical variables recorded. Engaging in physical activity typically leads to an 
increase in EDA and TEMP, while HRV tends to decrease. There may also be 
a carry-over effect between sections, where the physiological responses from 
one section persisted into the next, thereby influencing the measured vari-
ables.27 However, most sections involved low to medium intensity, with par-
ticipants primarily doing brief walking or arm movements while remaining 
in place. The only higher-intensity segments were “Avoid the Red” and “Cyr 
Wheel,” the former was followed by a break, and the latter marked the end of 
the performance. While this could be seen as a limitation of our study, we feel 
that these factors do not undermine the exploratory nature of our research, 
particularly given that we observed changes in physiological states that did 
not map onto the physical intensity of the corresponding activity. To address 
these effects in future studies, we suggest working with the artistic directors 
early in the creation to incorporate recovery periods between segments within 
the performance story arch.

Considerations and recommendations

Conducting research in a performance context presents several practical chal-
lenges, and incorporating clear objectives and a research protocol into an artistic 
experience requires a careful approach. Firstly, the dynamic and unpredict-
able nature of live performances can complicate the standardization of data 
collection methods; it necessitates flexible and adaptive research designs and 
requires collaboration between researchers and artists to develop methodolo-
gies that are unobtrusive yet effective. This issue is highlighted in a study on 
audience biometric and self-report data by Latulipe et al.,11 which reported that 
while performing arts experts were interested in the data, they were cautious 
in its interpretation and weary of its infringement on creative expression. We 
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felt a similar tension in our work; our requirements for data collection and sci-
entific rigour were at times at odds with the emotional journey and aesthetic 
experience the creators wanted to prioritize. As Sedgman28,29 has argued, cre-
ative expression and scientific research need not be mutually exclusive, and 
performance-based research can incorporate audience feedback in ways that 
enhance rather than disrupt the artistic flow​. Furthermore, audiences experience 
a sense of “realness” that is closely tied to the emotional and affective dimen-
sions of how they take part in immersive shows.30 This suggests that capturing 
both the emotional impact of the performance and the physiological data can 
provide a more comprehensive understanding of how audiences engage with 
immersive, participatory shows. To illustrate this with concrete examples and 
to guide future performance research endeavours, we outline three tensions we 
faced below:

1)	 Collecting self-report (questionnaire) data: While our initial intent was 
to gather both implicit (physiological) and explicit (self-report) data on 
audience experience, and therefore designed survey questions to include 
in a pre- and post- questionnaire, we ultimately had to discard this as a 
reliable source of data. As the creators wanted to set a certain ambience 
before and after the show, it was impossible to integrate psychometric 
scales or long-answer questions without disrupting the audience’s pos-
itive experience and immersiveness in the event. Moreover, given this 
was the prototype phase of Lab-O, the creators wanted to prioritize col-
lecting feedback that would serve to improve the performance and AR 
interfaces, rather than that which would directly serve the research objec-
tives. Lastly, the playful nature of the show, presented as a social experi-
ment, contributed to many participants not taking the surveys seriously. 
Gallagher et al. suggested that surveys and interviews can be integrated 
into performances in ways that match the theme without reducing the 
immersive feel or emotional impact of the event​.31 The survey activity at 
the beginning of the Lab-O show would have provided a perfect opportu-
nity to integrate self-report measure within the performance’s storyline; 
unfortunately, the research collaboration emerged too late within the 
artistic direction to allow for it in this first iteration of the performance.

2)	 Tracking participants in the performance space: As the performance 
was filmed from above, tracking the show participants by way of a visual 
cue would have enabled us to note moments of behavioural interaction, 
which would in turn allow for a more precise analysis of dyadic and 
group synchrony. However, singling out participants in such a manner 
was directly in contrast to the group-feel the creators wished to establish, 
notably in giving all participants the same silver tunic to wear. Research 
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demonstrates that the way participants engage with and reflect on their 
role in a performance can influence the group dynamics and sense of col-
lective immersion.32

3)	 Wearable sensors and performance activities: While participants were 
instructed on how to wear the sensors and ensure they remained turned 
on throughout the performance, certain activities compromised our phys-
iological data. For example, when participants were instructed to clap 
their hands or slap their knees, this caused artefacts in the EDA recording, 
which is highly sensitive to changes in pressure on the finger. Having a 
better understanding of all interactive activities in advance may have bet-
ter prepared us to mitigate the noise in our data, for example by adjusting 
the tightness or placement of the sensors. Audience research can benefit 
from collaboration between creators and researchers to ensure that wear-
able technologies and other tools do not interfere with the artistic intent 
while still providing reliable data.31​

These three examples highlight not only the need for continuous communica-
tion between the research and artistic team, but also the necessity of incorporating 
the research questions and protocol into the dramaturgy and artistic choices early 
on. While we strived towards such a process in the present collaboration, compro-
mises are an unavoidable and important aspect of conducting research in natural-
istic settings. A more seamless integration of real-time physiological recording in 
performances can not only elucidate how the incorporation of new technologies 
shape individual and collective audience experiences, but also can open new cre-
ative avenues.13 Artists can design interactive experiences that adapt in real-time 
to the audience’s emotional or attentional states, such as in changing pace, lighting 
or music, thereby creating a more immersive and personalized experience. We 
hope our preliminary findings, and the lessons learned in this proof-of-concept 
study, may inspire both research and creative ideas for future collaborations.

Conclusion

Overall, this study demonstrates the feasibility of using wearable sensors to 
measure physiological activity of freely moving audience members in a par-
ticipatory performance, and reports on distinct physiological responses corre-
sponding to changing attentional and emotional states throughout the proposed 
activities. Combining physiological recording with the new possibilities offered 
by immersive and interactive technologies may allow artists to better craft the 
emotional and immersive aspects of their performances, creating adaptive per-
formance formats that consider both the individual and collective experience.
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