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Abstract

This research examines the relationship between physiologi-
cal synchrony (PS) and collaboration within dyads engaged in
overcooked-a virtual kitchen simulation game. For the study,
14 participants were paired to form 7 dyads based on whether
they were familiar or unfamiliar with each other. PS was as-
sessed by analyzing participants’ heart rate data, while the
dyad’s game score assessed collaboration during gameplay.
Findings presented a weak yet positive relationship between
PS and collaboration, while statistically insignificant. Addi-
tionally, familiarity between participants did not significantly
affect PS or collaboration. These findings contribute to un-
derstanding PS and collaboration in virtual gaming environ-
ments while highlighting the influence of familiarity on such
research.
Keywords: physiological synchrony; collaboration; over-
cooked

Introduction
Synchrony manifests in various forms around us, ranging
from starlings’ coordinated and breathtaking murmurations
to the subtle alignment of human behaviours, such as yawn-
ing. This coordination of observable actions is referred to
as behavioural synchrony, where individuals unconsciously
mirror each other’s movements and actions during interac-
tion (Denk et al., ). However, synchrony is not limited to
external behaviours. It also manifests within us where physi-
ological responses, such as heart rate, may align amidst so-
cial interaction. This alignment is referred to as PS and
is typically defined as the temporal alignment of such re-
sponses between individuals during social interaction, over
time (Jonathan L. Helm & Hastings, ).

The development of various measurement techniques has
facilitated research on PS across various contexts of social
interaction (Nazarchuk, ). Typically utilizing technologies
that measure PS indicators such as heart rate, skin conduc-
tance, hormone levels, and brain activity over time (Mønster,
Håkonsson, Eskildsen, & Wallot, ). Among the various con-
texts within which PS has been researched, relationship types
are a prominent theme observed (Palumbo et al., ). Within
this theme, A majority of existing literature explores PS in
parent-child relationships (Feldman, Magori-Cohen, Galili,
Singer, & Louzoun, ), romantic relationships (Levenson &
Gottman, ), between teammates (Müller & Lindenberger, ),
as well as in therapist-client (Stratford, Lal, & Meara, ) rela-
tionships (Mønster et al., ).

While PS has been extensively studied in offline social in-
teractions, an emerging interest has developed in understand-
ing PS in virtual environments, such as virtual game-play
environments. Within virtual environments, phenomenons
of social interaction such as cooperation, collaboration and
competition can be closely examined within controlled set-
tings (Moharana, Keighrey, & Murray, ). Additionally, cer-
tain games are designed to assess one or more of these phe-
nomena within the game, using performance metrics. Over-
cooked (Github-HumanCompatibleAI/overcooked-demo, ), a
virtual kitchen simulation game, is an example of a gaming
environment where players must cooperate and collaborate
to complete tasks within a time limit (Meimandi, Bolton, &
Beling, ). In Overcooked the extent of collaboration between
players is quantified by the total number of dishes the players
serve together, presented as their game score. By studying PS
in such contexts, we can assess whether PS between players
correlates with the extent to which they collaborate during the
game.

This study seeks to address gaps in the existing research by
investigating the relationship between PS and collaboration
among dyads in a virtual gaming environment. Additionally,
the study examines the role of familiarity in influencing PS
and collaboration. The research employs a within-dyad de-
sign, where heart rate data is gathered using PPG sensors, and
collaboration within dyads is measured by their game scores
during gameplay. The research hypothesizes that higher PS
will be associated with higher game scores, and hence greater
collaboration within dyads. The research also hypothesizes
that familiar dyads may present with higher PS and higher
collaboration during gameplay. The following section will
review existing literature on PS within contexts of collabora-
tion, to ground the current study within existing research.

Literature Review

This section presents a concise understanding of existing re-
search on PS, how it manifests within our physiology, its role
in cooperative and collaborative contexts, and the methods
used to measure it. By examining these areas, this literature
review seeks to contextualize the current study on PS in vir-
tual gaming environments within existing literature.



Physiological Synchrony
The biological system within which PS is measured is the
autonomic nervous system (ANS), responsible for regulating
involuntary bodily functions (Palumbo et al., ). Within the
ANS, the sympathetic nervous system (SNS) and parasym-
pathetic nervous system (PNS), regulate stress and relaxation
responses within individuals respectively (Palumbo et al., ).
The SNS regulates the ’fight or flight’ responses, while the
PNS regulates the ’rest and digest’ responses (Palumbo et
al., ). Both these systems work together to regulate such re-
sponses within individuals (Palumbo et al., ). Monitoring and
aligning these responses, such as heart rate, over time, can
help measure PS within two or more individuals (Jonathan
L. Helm & Hastings, ). Understanding the biological sys-
tem within which PS is measured, provides insights into how
PS manifests within us. PS has been extensively researched
within various contexts of social interaction (Palumbo et al.,
). For the current study, we will focus on PS research in con-
texts of cooperation and collaboration.

While both cooperation and collaboration involve individ-
uals working together, cooperation typically refers to work-
ing towards a shared goal that may not require mutual en-
gagement (Camarihna-Matos & Afsarmanesh, ). In contrast,
collaboration is characterized by interaction, mutual engage-
ment, and joint problem-solving (Camarihna-Matos & Afsar-
manesh, ). We focus on PS in the context of collaboration,
specifically within the virtual gaming environment of Over-
cooked. The game requires not only cooperation, where play-
ers perform individual tasks, but also collaboration, where
players must constantly communicate, strategize, and solve
problems together.

Having reviewed the biological system within which PS
manifests, we will now explore existing research on PS within
various contexts of cooperation and collaboration. These con-
texts provide insights into understanding PS during social in-
teractions. Research suggests that PS plays a critical role in
social bonding and successful teamwork, making it a key area
of interest when studying interpersonal dynamics in both co-
operative and collaborative settings (Henning, Boucsein, &
Gil, ).

PS within cooperative contexts
Within existing research on PS in contexts of cooperation, a
research examined the physiological responses of teams en-
gaged in building origami sailboats in an assembly-line man-
ner together (Mønster et al., ). Physiological responses such
as participants’ heart rate, facial muscle activity, and skin
conductance data were gathered. The research sought to as-
sess if higher PS was associated with increased cohesion or
bond within the team during a cooperative task (Mønster et
al., ). The cooperative task of building origami sailboats was
divided among a team of three, with members working to-
wards building the maximum number of boats without com-
municating with each other (Mønster et al., ). When com-
paring PS in within individuals who interacted in a team, and

those who did not interact as part of a team- higher PS was
found among team members (Mønster et al., ). The findings
of this study suggest that PS can be a potential indicator of
team emotions, and can provide insights into team dynamics
(Mønster et al., ). These findings provide important insights
for understanding PS within cooperative contexts, suggesting
that higher PS is strongly associated with cooperative inter-
action in teams.

A research on PS in cooperative contexts, explored the re-
lationship between PS and cooperative success, to assess if
PS could help predict cooperative success between individu-
als (Behrens, Moulder, Boker, & Kret, ). To assess cooper-
ative success, and how well people work together to achieve
a common goal, participant pairs (dyads) were engaged in
playing a modified version of the prisoners’ dilemma game
(Behrens et al., ). During the study, heart rate and skin con-
ductance data, measures of PS, were gathered (Behrens et al.,
). Additionally, the researchers examined the influence of vi-
sual contact on PS and cooperation by comparing dyads that
could see each other during the study with those that could
not (Behrens et al., ). The findings revealed that PS, measur-
ing skin conductance levels, predicted cooperative success,
and this positive relationship was stronger when participants
could see each other and non-verbally communicate (Behrens
et al., ). This study provides important insights into the rela-
tionship between PS and cooperative success, suggesting a
positive relationship between the two. Additionally, the re-
search highlights the influence of communication, even when
non-verbal, on PS and cooperative success (Behrens et al., ).
Thus, highlighting the need for understanding PS within col-
laborative contexts, where participants can communicate, and
strategize while working towards a shared goal.

PS within collaborative contexts

Within existing research on PS in collaborative contexts, a
study was designed to assess PS, between computer sci-
ence students within a classroom environment (Ahonen et
al., ). The students worked in pairs (dyads) on program-
ming exercises, while their heart rate data was collected us-
ing lightweight ECG (electrocardiography) sensors (Ahonen
et al., ). When comparing PS within the paired and unpaired
dyads, higher PS was observed in the paired dyads (Ahonen
et al., ). The findings revealed higher PS between the paired
students who collaborated, in comparison to those who did
not (Ahonen et al., ). This study provides important insights
into PS and collaboration, highlighting their positive rela-
tionship. This study helps present that working together to-
wards a shared goal, within a collaborative environment can
reflect higher PS (Ahonen et al., ). The study also presents
the viability of using PS measurement techniques, such as
lightweight sensors, within uncontrolled environments such
as classrooms (Ahonen et al., ). While this research, focuses
on assessing the relationship between PS and collaboration
within an offline context, it highlights the need for under-
standing PS within virtual contexts of collaboration.



PS within virtual collaborative contexts
Research assessing PS within virtual collaborative contexts
presents relevant insights into PS and collaboration. One such
study examined PS between dyads engaged in a collabora-
tive virtual reality (VR) task (Moharana et al., ). Paired par-
ticipants were engaged in solving a puzzle within a Virtual
Reality (VR) environment, while taking on either the role of
a leader or follower, with participants interacting within the
same virtual environment but from separate rooms (Moharana
et al., ). The findings revealed that higher PS correlates with
better team performance, indicative of enhanced mutual un-
derstanding and coordination (Moharana et al., ) between in-
dividuals. These findings suggest that measuring PS, specifi-
cally heart rate alignment, can provide insights into how well
participants collaborate in virtual environments. Addition-
ally, these findings highlight the potential of using physio-
logical data to enhance team performance in virtual settings.
This is relevant for understanding the role of PS in designing
better team-based tasks, and improving collaborative strate-
gies. Furthermore, the research presents that external fac-
tors such as participant demographics and familiarity between
team members, play a role in determining how well partici-
pants synchronize, highlighting the importance of shared ex-
periences and background for successful collaboration in vir-
tual environments (Moharana et al., ). This study provides
important insights for understanding PS within virtual col-
laborative contexts and highlights the need to understand the
influence of factors such as familiarity amidst PS research.

Influence of familiarity on PS research
Although familiarity and its influence on PS research remain
mostly unexplored, the limited existing research suggests that
familiarity can potentially induce PS. In Research assessing
PS in a group decision-making task, the lack of familiarity be-
tween participants prior to the experiment was addressed as
an important limitation of the study (Gordon et al., ). Addi-
tionally, research examining the extent of interaction between
participants, found that stronger social interaction induced
higher PS between participants (Rezaei, ). The researchers
also observed a stronger correlation between intimate partic-
ipants in comparison to strangers, presenting the importance
of assessing familiarity within PS research. The next section
overviews certain measures of PS and collaboration within
existing research on PS to contextualize the research design
for this study.

Heart rate as an indicator of PS
Within existing research on PS, various physiological indi-
cators, such as heart rate, skin conductance, brain activity,
facial muscle activity have been used to measure PS, as dis-
cussed above. Among these, heart rate is a common indicator,
used to asses synchrony or alignment of physiological states
during social interaction (Gordon et al., ). Existing research
suggests that the alignment of the heart rate, specifically the
inter-beat intervals (IBIs) alignment, is associated with posi-

tive elements of social interaction such as better communica-
tion, emotional connection (Gordon et al., ).

Various heart monitoring instruments have been used
within PS research, including electrocardiography (ECG),
and photoplethysmography (PPG). When using an ECG,
electrodes need to be positioned, precisely, on the partici-
pants’ skin. This can be invasive and additionally hinders
movement between participants (?, ?). As a result, PPGs are
more feasible, within research, as they are less invasive and
can be easily worn as wearables (?, ?). Different approaches
are utilized to process heart rate data. One such approach was
used to measure PS in a group drumming tasks (Gordon et
al., ). During the experiment, participants were randomly as-
signed either synchronized or asynchronized drumming tasks
(Gordon et al., ). Heart rate data was collected using an ECG
recording device, and processed to extract IBI data in time
series (Gordon et al., ). The IBI time series data was aligned
and analyzed utilizing the cross-correlation function (CCF)
technique to measure group synchrony (Gordon et al., ). The
cross-correlation function is frequently used to assess PS be-
tween two or more individuals (Gordon et al., ). By utiliz-
ing the CCF function to assess IBI data, the degree of syn-
chrony between the heart rates of individuals over time, can
be determined (Gordon et al., ). These findings, from existing
research, provide important considerations for selecting the
instrument, and data processing technique to measure PS.

Using Overcooked game to measure collaboration
Overcooked is a collaborative kitchen simulation game where
players work together to prepare and serve dishes under
time constraints (Meimandi et al., ). The game requires
players to communicate, coordinate, and collaborate effec-
tively to achieve high scores. Within the game, partici-
pants progress through game orders, completing various tasks
ranging from cooking ingredients to serving dishes (Github-
HumanCompatibleAI/overcooked-demo, ). Figure 1 shows a
game order (layout of the game) within overcooked, with ob-
jects within the game, described. The game is played by two
players, presented as two chefs; the primary and secondary
players of the game. Within the game, the chefs are required
to collect ingredients, either onions or tomatoes,and serving
plates from their distinct dispensers, cook the ingredients in
the pot, plate the dish a subsequently deliver the dish to the
serving area. The game data, shown below the game order,
shows the players game score, the remaining time left to com-
plete the game, to help the players track these metrics. For the
purpose of this research, overcooked was selected to measure
collaboration within a virtual gameplay environment. The
game scores, quantified by the total number of dishes served
by the players, is used as a metric for collaboration. By as-
sessing the dyads game scores and PS during the gameplay,
this research research seeks to explore the relationship be-
tween PS and collaboration within a virtual gaming environ-
ment such as Overcooked.

This literature review sought to overview existing research
on PS, relevant to the context of this study, to contextualize



Figure 1: Instructions for the Overcooked game, within one
of the game orders of the game, with game objects labeled

the currents study on PS in virtual gaming environments. We
started with a brief understanding of PS within our biologi-
cal system, followed by an overview of existing research on
PS within contexts of social interaction. For the purpose of
this research, we focused on PS within contexts of cooper-
ation, collaboration, and virtual collaborative environments.
The review highlights the emerging interest in understanding
PS within virtual environments, like gameplay. Additionally,
we highlighted the influence of familiarity within existing re-
search on PS. The review then presents an overview of using
heart rate as an indicator of PS, followed by an overview of
using Overcooked as a measure of collaboration for the con-
text of this research. The following section seeks to develop
the research statement for this research.

Research statement
Existing research on PS, typically investigating PS within of-
fline environments, proposes a positive correlation between
PS and collaboration. Less is known about this relation-
ship within virtual environments, specifically within virtual
gaming environments. Additionally, the influence of famil-
iarity on PS, especially within collaborative contexts is less
researched. As a result, this research seeks to examine the
relationship between PS and collaboration within dyads in
a virtual environment using the game overcooked. The re-
search question seeks to assess the correlation between PS,
measured by heart rate alignment, and collaboration, mea-
sured by game scores. The study hypothesizes that a positive
relationship between PS and collaboration will be observed,
with higher PS associated with greater collaboration, indi-
cated by higher game scores. Additionally, this research seeks
to assess the influence of familiarity within dyads, on PS and
collaboration, hypothesizing that familiar dyads will present
with higher PS and greater collaboration within dyads.

Primary research question: Does physiological synchrony,
measured by heart rate alignment, correlate with collabora-
tion within dyads in a virtual gameplay environment?

Methodology
This section outlines the methodology designed and utilized
to examine the relationship between PS and collaboration,
within a virtual gaming environment. The methodology sec-
tion seeks to present the research design, procedure and meth-
ods utilized for data collection and analysis. For this study,
physiological indicators of PS utilized focus primarily on
heart rate measures. Collaboration within dyads is assessed
within Overcooked, presented as the dyad’s game score for
each game order.

Research design
The research design for this study employs a quasi-
experimental design to examine PS and collaboration within
a virtual gameplay environment. The study design engages
dyads (pairs of participants) in playing Overcooked, while
their heart rate data is gathered. The participants were paired
to form dyads based on whether they were familiar or un-
familiar with each other before the experiment. During the
experiment, each dyad engaged with 6 game orders with dif-
ferences in the way the layout of the game order. For instance
the number of ingredients (onions, or soup, or both), access
to the serving area or pot, may vary within the layout of dif-
ferent game orders. The order at which the dyads played the
game orders (1,2,3,4,5,6) was kept consistent for all dyads,
and did not increase in difficulty as the game progressed. Col-
laboration is assessed within Overcooked as the dyadic game
score during gameplay. While the participants are engaged in
gameplay, heart rate data, specifically IBI data, is collected
from each participant in the dyad using a PPG finger sensor.
The data is processed and assessed, and cross-correlated to
measure PS within dyads. The cross-correlated IBI data, and
game scores are analyzed to assess the relationship between
PS and collaboration within the dyads.

Participants
The participants for this study were recruited utilizing a con-
venience sampling method. While the sampling technique
may induce bias, it was selected to ensure that a maximum
number of participants were engaged in the study. Addition-
ally, this technique was utilized to pre-determine the pairs
based on whether they were familiar or unfamiliar with each
other. A total of 14 participants were recruited for this study,
formed into 7 dyad pairs, of 4 unfamiliar dyads, and 3 fa-
miliar dyads. Given the time constraints of a master’s thesis
project, a larger sample size could not be considered for this
study.

Experiment setup
The game environment for Overcooked was built us-
ing Docker, referencing the overcooked demo code docu-
mentation (Github-HumanCompatibleAI/overcooked-demo,
). Custom APIs were developed for the sensor server to con-
trol the start and stop of reading and logging sensor data, fol-
lowed by minor modifications to the overcooked game for



integration. This approach was employed to enable partici-
pants to play on two different URLs while connected to the
same network. For each experiment, start time, stop time,
game order data, as well as game score, were logged by the
sensor server, as seen in Figure 2, which was invoked by the
Overcooked game’s user interface. Along with this, the sen-
sor server logged the heart rate and IBI data for each dyadic
experiment and game order, making it convenient to perform
consecutive game orders within the experiment.

Figure 2: The figure presents an illustration of the setup of
the gaming environment, showing the arrangement of partic-
ipants’ laptops, Arduino and breadboard, two ppg sensors, as
well as the game server in docker.

Figure 3 shows a schematic illustration of the experiment
setup. The PPG sensors, A0 and A1, are connected to the Ar-
duino setup and are attached to the participants during the ex-
periment. The Arduino communicates with the Sensor Server
via the serial port, sending heart rate data. The Docker envi-
ronment runs the game on two distinct URLs, with (URL A0)
for the participant wearing PPG sensor A0 and (URL A1) for
the participant wearing PPG sensor A1.

Procedure
When recruiting participants, an information sheet along with
consent forms were shared with potential participants ap-
proached. Upon receiving signed consent forms, the partici-
pants were invited for the experiment and asked to bring their
laptop. Upon their arrival, the dyads were seated across from
each other and asked to set up their laptops. To be able to
distinguish between the heart rate readings of the two par-
ticipants within the dyad, identifier tags, were placed next to
their laptop, identifying the participant as either A0 or A1.
The dyads were introduced to each other and left alone for a
few minutes, to ensure that the participants were acquainted
enough to be able to coordinate and communicate during the
experiment.

The participants were then given an introductory briefing,
revisiting the purpose, design, procedure, and ethical consid-
erations for the study. For each experiment within this study,

Figure 3: Illustrates the experiment setup showing the sensors
and the participants connected to the Arduino

each participants was given a demonstration on how to cor-
rectly position and secure the PPG finger sensor, and the par-
ticipants were asked to secure the sensor themselves, with
assistance provided upon request. The heart rate readings for
both participants were calibrated for 3-5 minutes, to ensure
accurate baseline measurements before starting the experi-
ment. While the data was being calibrated, the participants
were given instructions on how to play overcooked. The par-
ticipants were shown the instruction page within overcooked,
as shown in Figure 1, to acquaint them with how to play the
game. To ensure that the participants understood the instruc-
tions of the game well, the participants were engaged in a test
round of one of the game orders, while their heart rate data
was logged. Following the test session, the participants were
approached to begin the experiment.

After completing all game orders, a post-experiment ques-
tionnaire, developed in Qualtrics, was shared with the par-
ticipants. Typically completed within 3-4 minutes, the ques-
tionnaire obtained demographic details such as age, gender,
as well as familiarity within the dyads. The dyad’s heart
rate, real-time IBI data, and game score for each game order
were anonymized, stored, and, processed for analysis. To as-
sess the relationship between PS and collaboration, heart rate
data, game score data and questionnaire data were collected,
the following section seeks to address the data analysis tech-
niques utilized to analyze the gathered data.

Data Analysis

A number of steps were taken to process the data gathered.
Missing values in the raw IBI data collected, were replaced
with their next or previous valid value from the data frame,
to ensure that the data is consistent. The data is filtered by
setting a frequency range of of 0.5-5 Hz, removing noise
from the data while retaining valid frequencies, as suggested
by (Alhawari, Albelooshi, & Perrott, ). The cross correla-
tion function is applied to the now cleaned and pre-processed



heart rate data, correlating/aligning the IBI values of both
participants within the dyads to assess PS, as suggested by
(Gordon et al., ). This statistical measure, utilized within ex-
isting research, is used to assess PS between two or more indi-
viduals (Gordon et al., ). The cross-correlation function was
applied, correlating the IBI values, at all possible time lags
yielding cross correlated IBI values as well as the maximum
cross correlated IBI values for each dyadic experiment.

Results
This research explored the relationship between PS and col-
laboration within dyads in a virtual gaming environment us-
ing the game overcooked. This section seeks to present the
results, covering descriptive and inferential results obtained
from the 7 experiments conducted for the study.

Descriptive statistics
A total of 14 participants, paired to form 7 dyads, partici-
pated in this study. Within the sample, the age of participants
ranged from 23-28 years, with an average age of 26 years.
When analyzing the age difference within dyads, a limited
age difference was observed, with an average age difference
of 2 years. Overall the maximum age difference within dyads
was 4 years, observed in 3 dyads. The participant sample
consisted of 7 male participants, and 7 female participants,
presenting an equal distribution of male and female partici-
pants. When dyadic-gender was assessed, only 2 dyads were
same-gender pairs, while 5 of the dyads were mixed-gender
pairs. The participant sample consisted of 4 unfamiliar dyads,
and 3 familiar dyads. There was no missing data within the
experiment data, with a total of 42 data points.

The average maximum IBI correlation was observed to be
0.761 with a high maximum correlation of 1.873, suggesting
variability between the dyadic IBI correlations. The lowest
game score observed was 20, while the highest game score
was 495, presenting high variation between the game scores
of different dyads. The high standard deviation of 97.031 sug-
gests that the participants performed quite differently from
each other.

Inferential Results
Correlation of game order, game score, maximum IBI
correlations To assess the correlation between game order,
game scores and, the maximum IBI correlations, the Pear-
son’s’ correlation analysis was conducted. Table presents the
results including the sample size (n), Pearson’s r values, and
p-values for each dyad. The findings for game order, show
a weak yet positive correlation with game scores, with an r-
value of 0.133, and a p-value of 0.401. Additionally, game or-
der presents a weak and negative correlation with a maximum
correlation of IBI, with an r-value of -0.077, and a p-value
of 0.628. When assessing the correlation between collabo-
ration and PS, quantified by game score and maximum IBI
correlations respectively, a weak yet positive correlation was
observed with an r value of 0.145. The p-value of 0.361 in-
dicates that the correlation is not statistically significant. Ob-

serving this linear correlation between game score, a measure
of collaboration, and maximum IBI correlations presents that
as the game score increases, reflecting the direction, but mod-
estly(weak), reflecting the strength of the relationship. These
relationships are visually represented in Figures 4, 5, and 6.

n Pearson’s r p

game order - game score 42 0.133 0.401
game order - max corr ibi 42 −0.077 0.628
game score - max corr ibi 42 0.145 0.361

Table 1: Pearson’s correlation coefficients between Game Or-
der, Game Score, and Maximum Correlations of IBI

Figure 4: Distribution of Game Order vs Game Score

Effect of Familiarity on Game Score and Maximum IBI
Correlations To assess the influence of familiarity on the
game score and maximum IBI correlations, an independent
samples t-test was conducted, the results for which are dis-
played in table . The results for the influence of familiarity
on maximum IBI correlations present with a t value of 0.555,
p value of 0.582, Cohen’s d value of 0.173, and SE Cohen’s d
value of 0.313. Additionally, assessing familiarity and game
scores, presents a t value of 0.493, p value of 0.624, Cohen’s d
value of 0.154 and, SE Cohen’s d value of 0.313. These find-
ings suggest that familiarity does not significantly affect the
maximum IBI correlations or game scores. The shapiro-wilk
test, results for which are displayed in table shows that the
data for maximum correlation of IBI and game score are nor-
mally distributed for the ”false” familiarity condition, while,
for the ”true” familiarity condition, the data is not normally
distributed. Figures, s7 and 8, present bar plots comparing
the maximum correlation of IBI and game scores based on
familiarity, respectively.



Figure 5: Distribution of Game Order vs Maximum Correla-
tion of IBI

t df p C.d SE C.d

max corr ibi 0.555 40 0.582 0.173 0.313
game score 0.493 40 0.624 0.154 0.313
*C.d=Cohens’ D

Table 2: T-test for Familiarity on Game Score and Maximum
IBI Correlations

Effect of dyad gender on PS To assess the effect of the
dyads’ gender on PS, reflected by the maximum IBI cor-
relation, an ANOVA test was carried out. The results, as
shown in table , present an F value of 6.892, and a P value of
0.003. These findings indicate that dyad gender has a statisti-
cally significant effect on the maximum IBI correlations, PS.
When comparing mixed-gender dyads and same-sex dyads,
as shown in Figure 9, mixed-gender dyads present with the
lowest maximum IBI correlations.

Effect of dyad gender on game scores The ANOVA test
was also conducted to assess the effect of dyads’ gender on
collaboration within dyads, quantified as game scores. The
results, as shown in present an F-value of 1.372 and a p-value
of 0.266. This suggests that dyad gender does not have a sta-
tistically significant effect on game scores. This finding is
further supported by the descriptive plot 10), which shows no
substantial difference in game scores between different gen-
der compositions within dyads.

Effect of Dyad Gender Equality on IBI and Game Scores
To assess the effect of dyads gender equality on PS and col-
laboration, quantified as maximum IBI correlations and game
scores respectively, a t-test was conducted. The results, as
shown in , for maximum IBI correlations present a t value of
3.027, a p-value of 0.004, Cohen’s d of 1.034. This is indica-
tive of higher synchrony in same-gendered dyads. The results

Figure 6: Distribution of Game Score vs Maximum Correla-
tion of IBI

W p

max corr ibi no 0.946 0.368
yes 0.882 0.009

game score no 0.903 0.066
yes 0.724 < .001

Table 3: Test of Normality (Shapiro Wilk) on Maximum IBI
Correlations and Game Score

for game scores present a t-value of 1.247, p-value of 0.219,
and Cohen’s d-value of 0.426, revealing that no significant
effect of gender quality was found on game scores. Addition-
ally, the Shapiro-Wilk test was assessed to check for normal-
ity. The results confirmed normality for maximum IBI corre-
lations but indicated deviations for game scores in one group.
Findings presented by the bar plot 12 of game score and dyad
gender equality (same-sex gender) presents as true, indicat-
ing a higher average game score than the same-sex gender
dyads. Additionally, findings presented by the bar plot, 11 of
maximum correlated IBI and dyad gender equality, (same-sex
gender) present as true, suggesting that same-sex dyads have
a significantly higher average maximum IBI correlations.

Discussion
This section seeks to discuss relevant insights from the results
of the study while developing implications for future work.

Correlation of Game Order, Game Score, and
Maximum IBI Correlations
Results from Pearson’s correlation analysis presented a weak
yet positive correlation with game scores. and a weak neg-
ative correlation with maximum IBI correlations. Addition-
ally, the correlation between game scores and maximum IBI
correlations was weak yet positive. These findings indicate



Figure 7: Bar plot showing comparison of Maximum Correla-
tion of IBI based on Familiarity with lines depicting standard
deviation, shows limited effect of Familiarity

Figure 8: Bar plot showing comparison of Game Score based
on Familiarity with lines depicting standard deviation, shows
limited effect of Familiarity

that game order had limited influence on collaboration within
dyads, and PS respectively. This weak yet positive relation-
ship assessed in the context of this study, aligns with the hy-
pothesis that higher PS is associated with greater collabora-
tion, even though the relationship is not statistically signifi-
cant.

Effect of familiarity on PS and collaboration
Results from the t-tests on the influence of familiarity within
dyads do not significantly affect PS or collaboration, mea-
sured by maximum IBI correlations and game scores, respec-
tively. However, this may be because assessing familiarity
between participants as a binary (familiar, unfamiliar)limits
how little much influence it may have on this study.

Effect of dyad gender on PS and collaboration
Although not a prior aim of the research effect of dyad gen-
der on the maximum IBI correlation, and game scores were
analyzed to measure PS and collaborative respectively. The
results suggest a statistically significant effect of dyad gen-
der on PS. Specifically, mixed-gender dyads exhibited lower
PS compared to same-gender dyads. This suggests that dyad
gender plays a role in influencing PS, with mixed-gender

Cases Sum of Sq df Mean Sq F p

dyad gender 1.570 2 0.785 6.892 0.003
Residuals 4.443 39 0.114

Table 4: The ANOVA results for Maximum IBI Correlations,
based on Dyad Gender (M = both male (N= 6), F = both fe-
male (N= 6), D = both different gender (N=30))

Figure 9: The ANOVA result plot for Maximum IBI Correla-
tions, based on dyad gender (M = both male (N= 6), F = both
female (N= 6), D = both different gender (N=30))

pairs showing lower PS. However, the effect of dyad gen-
der on collaboration, measured by game scores, was not sta-
tistically significant. The ANOVA test results indicate that
there is no substantial difference between game scores when
comparing dyad genders within this study. This suggests that
while dyad gender may influence PS, it does not seem to
present a substantial difference in how the participants col-
laborate in this study. However, t-test results on dyad gen-
der equality (same or different gender of participants within
dyads) on PS and collaboration revealed that same-gender
dyads presented with higher maximum IBI correlations com-
pared to mixed-gender dyads. However, the effect of gender
equality on game scores was not statistically significant, in-
dicating that same-gender dyads did not collaborate as effec-
tively.

Limitations and future work
This section seeks to overview the known limitations of the
study for this research. The limitations section, presents cer-
tain limitations, regarding the study design, while indicating
avenues of change for future work on related research.

The sample size utilized for the study was limited due to
the time constraints of a master’s thesis project. For this
study, it was important to keep the game’s UI simple and user-
friendly game, so that no substantial experience with gaming



Cases Sum of Sq df Mean Sq F p

dyd gnd 25375.800 2 12687.900 1.372 0.266
Residuals 360639.533 39 9247.168

Table 5: The ANOVA results for Game Score, based on Dyad
Gender (M = both male (N= 6), F = both female (N= 6), D =
both different gender (N=30))

Figure 10: The ANOVA results plotted for Game Score,
based on Dyad Gender (M = both male (N= 6), F = both fe-
male (N= 6), D = both different gender (N=30))

is required from participants. Additionally, utilizing a more
complex version of the game, that includes more objects, can
potentially induce stress-which would influence the heart rate
data. As a result, the time duration of each game order was
limited to 60 seconds each.

With regard to the measuring techniques used, PPG sen-
sors may not be as precise as using LAB devices for mea-
suring PS, as done in certain related studies. Although, the
participant’s heart rate data was calibrated before each exper-
iment for 3-5 minutes, potential invalid data points could have
hindered the reliability of the Heart rate readings. An impor-
tant avenue for future work to explore is to assess multiple
physiological responses, such as heart rate, skin conductance,
eye-tracking, and neural activity, simultaneously to verify the
data collected. Several limitations of the study design have
been considered, which may have potentially influenced the
results, along with certain suggestions for future work.

Conclusion
This research explored the relationship between PS and col-
laboration within dyads in a virtual gaming environment us-
ing the game overcooked. The findings present a weak
yet positive correlation between PS and collaboration, al-
though not statistically significant. Additionally, mixed-

t df p C.d* SE C.d*

max corr ibi 3.027 40 0.004 1.034 0.402
game score 1.247 40 0.219 0.426 0.352

Table 6: Independent samples t-test for Dyad Gender Equal-
ity on Maximum IBI Correlations and Game Scores.
*C.d=Cohens’ D

W p

max corr ibi TRUE 0.929 0.373
FALSE 0.957 0.252

game score TRUE 0.946 0.575
FALSE 0.718 < .001

Table 7: Test of normality (Shapiro-Wilk) for Dyad Gender
Equality

gender dyads presented lower PS compared to same-gender
dyads, but dyad gender did not significantly affect collabo-
ration. Familiarity between participants did not significantly
impact PS or collaboration. These results highlight the need
for further research with larger sample sizes and multiple in-
dicators of PS to validate these findings.
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