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Abstract

Virtual collaboration is crucial nowadays, while shared attention plays a
vital role in problem-solving. This study examines the relationship between
blink synchronization, an index of shared attention, and problem-solving
performance in a virtual setting. Thirty-seven dyadic teams completed
a familiarization and problem-solving task. We hypothesized that blink
synchronization would be established during familiarization, impacting
performance. Additionally, we expected blink synchronization to increase
over time. Results revealed that blink synchronization predicted teams’
problem-solving performance, and blink synchronization increased over
time. Our findings shed light on the importance of blink synchronization for
shared mental modeling and offer practical insights for virtual teamwork.

Keywords
blink synchronization, shared attention, problem-solving performance,
virtual teamwork, dual eye-tracking

'Universitit Innsbruck, Austria
2Free University of Bozen, Italy

Corresponding Author:

Alexandra Hoffmann, Department of Psychology, Universitit Innsbruck, UniversitdtsstraBBe
5-7, Innsbruck 6020, Austria.

Email: alexandra.hoffmann@uibk.ac.at


https://us.sagepub.com/en-us/journals-permissions
https://journals.sagepub.com/home/sgr
mailto:alexandra.hoffmann@uibk.ac.at
http://crossmark.crossref.org/dialog/?doi=10.1177%2F10464964231195618&domain=pdf&date_stamp=2023-08-22

2 Small Group Research 00(0)

Introduction

The global world and the increasing trend of interdisciplinary work make
efficient collaboration more important than ever. Especially the aggravating
conditions of virtual collaboration due to spatial separation and the pan-
demic during the last 2 years has given further emphasis on supporting tools
(e.g., Fernandez, 2022; Kniffin et al., 2021). Videoconferencing has been
shown to aggravate the generation of ideas as it directs individuals’ attention
toward a screen, limiting their cognitive focus (Brucks & Levav, 2022). A
key to successful collaboration is a shared understanding between team
members of what they are working on. In other words, collaborators must
synchronize in their sensemaking of the task they are collaborating on
(Bezerianos et al., 2015; Hu et al., 2018; Sinha et al., 2016). Synchronous
interactions are a cornerstone of human experience. Interpersonal synchrony,
namely the concordance in behaviors, emotions, and physiological pro-
cesses, occurs throughout life and is essential for social development
(Feldman, 2017). Synchrony has been suggested as an evolutionary-based
mechanism for facilitating social cohesion and cooperation between indi-
viduals (Cross et al., 2019; Launay et al., 2016). Greater neural synchroniza-
tion between team members is further associated with improved team
performance (Balconi & Vanutelli, 2018; Reinero et al., 2021; Szymanski
et al., 2017), although, in a meta-analysis assessing the association between
autonomic nervous system synchrony and group performance, Mayo et al.
(2021) found a small effect size.

Physiological interpersonal synchrony is defined as the temporal coordi-
nation of physiological processes between two or more individuals. It has
been studied in dyads of strangers (Palumbo et al., 2017) and in groups (Kazi
et al., 2021). Despite the broad literature on physiological synchrony, an
application in virtual settings and its effects on virtual team performance is
yet missing. For measuring interpersonal physiological synchrony, many dif-
ferent methods have been applied, for example, measures of the sympathetic
and parasympathetic nervous system, functional magnetic resonance imaging
or electroencephalography (e.g., Reinero et al., 2021; Szymanski et al., 2017).
However, the value of these findings can hardly be translated into practice
because neural synchronization as measured with EEG or fMRI is unfeasible
in real-world settings like virtual meetings to provide information about the
effectiveness of collaboration. One study showed that there is an alignment
of blink rate between real-life interaction partners while they talk to each
other (Gupta et al., 2019). Thus, blink rate might serve as a behavioral index
of synchronization in virtual teams (Koike et al., 2016). In the current study,
we thus focus on blinking activity, that is, the temporal coordination of blink
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rate between two individuals as a marker for interpersonal synchrony.
Moreover, we investigate its influence on problem-solving performance,
which has only been investigated in in-person settings (Mayseless et al.,
2019), but not virtual teams.

Building on this, the purpose of this study is to examine whether blink
synchronization in a virtual setting would increase over time and predict
problem-solving performance in teams. Our work therefore aims to contrib-
ute to research on synchronization in virtual teamwork and its impact on team
performance. To elucidate this, we let teams of two complete a problem-
solving task after familiarizing with each other via webcam. We tracked blink
rate dually with two pairs of eye-tracking glasses, while the two team mem-
bers were seeing each other only virtually.

Virtual Collaboration and Team Performance

Collaboration between individuals is a cornerstone of contemporary work
life. Team performance has a direct effect on the success of an organization,
which is why increasing teams’ effectiveness is important (Kauffeld &
Lehmann-Willenbrock, 2012). Improving team performance not only saves
time and money of organizations, but also leads to success and competitive
advantage. A team is made up of two or more people, who firstly interact
dynamically, interdependently, and adaptively toward a common goal, sec-
ondly have each been assigned specific roles or functions, and thirdly have a
limited duration of team membership (Tannenbaum et al., 1992). The quality
of communication has a major impact on the effectiveness of team decision
making (e.g., Collins & Guetzkow, 1964; Gouran & Hirokawa, 1983; Harper
& Askling, 1980; Hirokawa & Rost, 1992; Hirokawa & Salazar, 1999; Kuhn
& Poole, 2000; Salazar et al., 1994). Verbal behavior during a team meeting
significantly determines team efficiency (Innami, 1994). Decision-making
performance in teams was shown to increase with the amount of reasoning
made during discussions. Conversational language, for example, asking
questions or inviting replies (Jeong, 2006), the use of humor and novel ideas
(Lehmann-Willenbrock & Allen, 2014), or positive behavior (Lehmann-
Willenbrock et al., 2017) led to increased team performance.
Computer-mediated communication has become an integral component in
organizations, as it allows individuals to work in their teams without having
to meet face-to-face, which saves a significant number of resources and time
(Li, 2007). More and more organizations are thus conducting their teamwork
virtually, especially with the use of virtually accessible documents and web-
cams. Even though virtual collaboration brings many advantages, there is a
reason to be concerned about its impact on team performance. With the
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increased use of virtual teamwork in organizations, many studies have been
conducted to examine the issue as to how virtual teamwork impacts perfor-
mance and whether virtual teams are as effective as face-to-face teams
(Adams et al., 2005; Baltes et al., 2002; Becker-Beck et al., 2005; Flanagin
et al., 2004; Romeike et al., 2016). Performance is perceived to be better in
face-to-face than in computer-mediated teams. In computer-mediated teams,
there is a noticeable decrease in achievement-related and an increase in
social-emotional communication. Moreover, when it comes to the resolution
of conflict and tension, computer-mediated teams exhibit a greater level com-
pared to face-to-face interactions (Becker-Beck et al., 2005).

For computer-mediated teams, increased familiarity among team mem-
bers leads to decreased decision time and accuracy as well as increased satis-
faction with team processes (Adams et al., 2005). Moreover, Brucks and
Levav (2022) showed that videoconferencing inhibits the production of cre-
ative ideas. The virtual interaction between team members resulted in
increased focus on their partner and reduced attention toward the surrounding
room compared to in-person teams. Interestingly, the amount of time dedi-
cated to observing the room was a reliable indicator of creative idea genera-
tion (Brucks & Levav, 2022). Until now, problem-solving performance has
not been investigated in virtual teams.

Problem-Solving in Teams

One of the key elements to solving a problem is finding a good way of rep-
resenting the problem (Dunbar, 2017). When a problem is represented, indi-
viduals focus on certain features of the problem and use them to choose what
to do when searching a problem space. Different representations of a prob-
lem lead to varied solutions. A single problem can have multiple representa-
tions, and certain representations may be more advantageous for effective
problem-solving than others. Individuals construct their representation
based upon the problem-statement and features of the task environment,
identifying relevant features of the problem and building a representation by
applying those features.

Recently, researchers have started to investigate real-world problem-solv-
ing in teams (Hagemann & Kluge, 2017; Mayseless et al., 2019). Real-world
problem-solving often takes place in teams, and teams help promote the gen-
eration of alternate representations of a problem. Thus, the exploration of
various problem representations is possible, while also enabling the distribu-
tion of subtasks (Dama & Dunbar, 1996). Team decision making might be
considered as a task to build a shared mental problem- and solution-model
that aims to find the best solution to a problem (Hochbaum & Levin, 2006;
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Liu et al., 2019; Wallenius et al., 2008; Yager, 2002). To reach a decision,
team members need to focus their attention toward the available information
in order to achieve shared attention.

Synchronization and Shared Attention

Shared attention involves jointly directing attention to a common source
(Poysé-Tarhonen et al., 2021). This can be external information like visual
or auditory input from the sensory environment or internal information like
mental models construed in active memory (O’Madagain & Tomasello,
2021). In both cases, information about the attentional focus of the interac-
tion partner is important for effective communication, which in turn forms
the basis for collaboration (Poysd-Tarhonen et al., 2021). Whereas mutual
attention like eye-contact merely contains the communicative message that
the interaction partners devote their attention to each other (Maran et al.,
2021; Schilbach, 2015), the partner’s averted gaze movement serves as a
cue, directing attention to a specific object, and it also aids in following the
other person’s thought process (Schneider & Pea, 2015). Thus, interaction
partners achieve a shared mental awareness about an object or mental repre-
sentation (D’Angelo & Schneider, 2021), similar to when conversational
partners share an attentional focus on a specific topic (O’Madagain &
Tomasello, 2021). There are two types of shared attention: initiating shared
attention and responding to shared attention following the initiator’s focus
of attention (Koike et al., 2016). Not only does the coupling of eye-move-
ments between a speaker and listener reflect the success of their communi-
cation (Richardson & Dale, 2005), but there is also an alignment of blink
rate between interaction partners while they talk to each other (Gupta et al.,
2019). Thus, blink rate might serve as a behavioral index of mental synchro-
nization during problem-solving (Koike et al., 2016). Building on this evi-
dence, we argue that the level of blink synchronization between team
members predicts their problem-solving performance (e.g., Reinero et al.,
2021; Szymanski et al., 2017). Therefore, we hypothesize that (1) the higher
the blink rate synchronization between team members, the better their prob-
lem-solving performance. In addition, we took a closer look on the synchro-
nization progress over time and predicted that blink synchronization
increases over the course of collaboration (Koike et al., 2016; Reinero et al.,
2021). Therefore, we hypothesize that (2) the more time team members
spend working together, the greater their tendency for blink rate synchroni-
zation. To test these predictions, we applied dual mobile eye-tracking to
investigate whether blink rate synchronization could predict problem-solv-
ing performance in virtual teams.
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Methods

Sample and Design

A total of 76 subjects (Females=48) with an average age of 23 years old
(SD=5.27) in Germany participated as teams of two in the study, resulting in
a total of 38 teams. We recruited participants through public advertisements.
Exclusion criteria for this study were a (non-compensatory) visual impairment
such as color blindness or poor German or computer skills. All subjects ful-
filled the criteria for participation in the study. Due to technical failures, two
eye-tracking recordings were not recorded properly, resulting in a final sample
of N=74 for our statistical analyses. Participants were required to give their
consent to the conditions of participation by signing the consent form. This
study received approval by the Ethics Committee of the University of
Innsbruck. Participants were randomly assigned to a team of two, where we
investigated the effect of blink rate synchronization on performance in a prob-
lem-solving task. The duration of the experiment was approximately 1 hr.

According to a-priori power analysis using G*Power (Faul et al., 2009), to
reach statistical power at .80, oo=.05, with an anticipated medium effect size
f=0.53 (effect size from Koike et al., 2016: Cohen’s d=—1.058), the recom-
mended total sample size is 32 teams. Thus, our sample size was sufficient.
Prior to testing, any acquaintanceship between the subjects was eliminated,
as it is a confounding factor that has potential impact on the results (cf. Dikker
etal., 2021).

Team Tasks

All tasks were presented on two 13-inch Lenovo Thinkpad laptops with both
subjects sitting at a distance of 50 cm from their respective screen. Both sub-
jects sat in the same room with a partition placed between them to create a
virtual work situation. The webcams were connected to each other’s laptops
so that the image of the partner was displayed on the screen through the web-
cam. Tasks were presented with Open Sesame, which also controlled the
mobile eye tracker (Tobii Glasses Py Suite; De Tommaso & Wykowska,
2019). The testing was conducted in a darkened room with the ceiling lights
on to create comparable conditions for all subjects. We applied a chin rest to
keep the distance between the subject and the screen stable and minimize
head movements to ensure the quality of the recordings by the mobile eye
tracker. The Tobii Pro Glasses recorded eye-movement and blink rate at
S50Hz (Tobii AB, Sweden). A calibration card was used to calibrate each pair
of eye-tracking glasses.
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Familiarization. To familiarize themselves with their partner, subjects were
presented with the camera image of their partner on the screen and were
given the freedom to choose their own discussion topics for a duration of
4 min.

Problem-Solving Task. After familiarizing themselves with each other, subjects
were presented with a short scenario about a plane crash in winter (Winter
Survival Task; see Reinero et al., 2021). The instruction was followed by a
list of 15 items, each preceded by a placeholder. The task involved reaching
a consensus on the ranking of item importance for surviving the crash in the
given scenario. The objective optimal ranking of the items was previously
evaluated by a group of experts (Reinero et al., 2021). In addition to the list,
the camera image of the group partner was visible in the lower right corner of
the screen. As soon as both team members agreed on the ranking of the items,
they were instructed to say it aloud so that the experimenter could record the
corresponding number (1-15) on a spreadsheet. This way, the progress could
be tracked by both subjects, and this ensured the data quality of the eye-
tracking recordings, as the subjects did not need to divert their attention from
the screen to enter the desired numbers. The numbers could be changed at
any point within the 10-min time limit.

Measures

Control Variables. Based on previous findings (e.g., Dikker et al., 2021; Hu
et al., 2018; Zhang et al., 2021), we assessed possible influencing factors on
synchronization, including empathy, personality factors, as well as perceived
cooperation and sympathy. To control for the influence of empathy, we
applied the Saarbriicker Personality Questionnaire (SPF-IRI, German ver-
sion; Paulus, 2006), which contains 16 items with four items for each of the
four subscales: perspective-taking, fantasy, empathic concern, and personal
distress. The reliability of the entire questionnaire was satisfactory with a
Cronbach’s Alpha of au=.73.

To assess personality traits, we applied the German version of the NEO-
FFI-30 (Korner et al., 2008), which is composed of a total of 30 items, with
five subscales neuroticism (o.=.83), extraversion (o.=.74), openness
(0=.82), conscientiousness (o.=.71), and agreeableness (o.=.77). One item
designed by the authors was used to measure perceived cooperation between
the team members, “How cooperative did you feel you and your partner
were.” Last, we assessed perceived sympathy toward the team partner by
adapting the German version of the Reysen Likeability Scale (Reysen, 2005).
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This scale comprises 11 items with an a.=.82. A 5-point Likert scale for all
measures, ranging from 1 (does not apply at all/never) to 5 (applies com-
pletely/always). We also collected data on demographic information, includ-
ing age, gender, education, and current occupation.

Further, since the natural blink rate varies between individuals and is also
influenced by various factors, such as dryness or contact lenses, the baseline
blink rate was collected and used as a control variable in data analysis (Thai
et al., 2002). To collect baseline data, subjects were instructed to focus on a
fixation cross in the middle of the black screen in front of them four 5 min.

Team Performance in the Problem-Solving Task. Team performance was evalu-
ated by first calculating the difference between the ranking determined by the
subjects during the problem-solving task and the objective ranking estab-
lished by experts, and then subtracting the score from 112, which was the
highest possible deviation (Reinero et al., 2021).

Blink Synchronization. First, we exported the recordings of the eye-tracking
glasses via Tobii Pro Lab software as csv-files containing pupil size and
validity of both eyes. We then removed the pauses within the tasks from all
datasets and applied the noise-based blink detection algorithm (Hershman
et al., 2018) to identify the blinks. The algorithm first identified the areas of
missing data (classified as invalid). Based on this, the blink onset (last valid
value before the invalid data areas) and the blink end (first valid value after
the invalid data areas) could be set. The distance between the invalid areas
was then combined into one invalid data area if the distance was 60 ms or less
(Slagter et al., 2010, 2015). Invalid ranges that were too short or too long
(less than 100ms or greater than 500ms) were not classified as blinks but
were assessed as data failures based on the recommendation of Hershman
et al. (2018). Finally, the blink areas between each blink onset and blink end
could be coded as blinks (1) and the areas between blink end and blink onset
as non-blinks (0).

To determine the baseline blink rate, the proportion of blinks (coded as 1)
in the total length of the baseline data set was calculated and included as a
control variable for subsequent analyses. For all other tasks, we calculated
blink synchronization with Loreau and de Mazancourt’s ¢ (coefficient for
group synchronization) between the two members of each team (Loreau & de
Mazancourt, 2008). The coefficient represents the mean temporal relation-
ship between two variables, with a range between 0 (asynchrony) and 1 (per-
fect synchrony). The coefficient can be used for all temporal variables, which
is based on the non-parametric Spearman rank correlation (Gouhier &
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Guichard, 2014). We computed the ¢ for the whole data set, including blink
and non-blink sequences.

Statistical Analyses

We analyzed our data with SPSS 25.0 and R (The R Foundation, n.d.). To test
whether blink synchronization predicted problem-solving performance, we
first calculated a Pearson product-moment correlation. We then computed a
multiple linear regression model to check whether blink synchronization
explained variance in problem-solving performance beyond baseline blink
rate and control variables (Hypothesis 1). To reduce the influence of hetero-
skedasticity, we calculated robust standard errors using the heteroskedasticity
consistent estimator 3 (HC3; Davidson & MacKinnon, 1993) in the RLM
macro for SPSS (Darlington & Hayes, 2017); standardized coefficients are
reported. For all variables included in our regression model, the tolerance
values were above 0.1 and the VIF values were below 10, which showed no
indication of multicollinearity.

To check whether blink synchronization increased over the course of the
experimental session (Hypothesis 2), we computed a univariate ANOVA
model with blink synchronization at different phases (i.e., familiarization,
problem-solving). Partial eta squared indicates the effect size, reported p-val-
ues are two-tailed, and the alpha level was set at .05. Our full dataset as well
as the tasks applied in this study are available on the Open Science Framework:
https://osf.io/ce8t7/.

Results

In regard to Hypothesis 1, our correlation analysis revealed that, the higher
the blink synchronization between the two team members, the better their
performance in the problem-solving task, 7(74)=.33, p <.01. We further con-
ducted multiple linear regression analyses (see Table 1). Model 1 encom-
passes the baseline blink rate and does not predict team performance,
AR?=.00, F(1, 72)=0.01, SE=1.00, p=.92; Model 2 includes the control
variables and does not predict team performance, either, AR*=.13, F(9,
64)=1.07, SE=0.99, p=.40. When adding blink synchronization during the
task in a Model 3, synchronization was able to explain a total 14% of the vari-
ance in team performance, AR?>=.12, F(10, 63)=2.15, SE=0.92, p < .01 (see
Figure 1).

As the distribution of our data resembles a bimodal structure (see Figure 1),
we additionally computed a cusp catastrophe model, which allows the
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Table 1. Regression Analysis Assessing Variance in Problem-Solving Performance
Explained by the Inclusion of Blink Synchronization During the Task (Model 3) in
Comparison to Models Containing Baseline Blink Rate (Model ) and Personality
Traits (Model 2) Only.

Model | Model 2 Model 3
Baseline blink rate =-0.12 (0.11) 0.08 (0.11) -0.10 (0.12)
Control variables
Empathy 0.06 (0.18) 0.04 (0.17)
Sympathy -0.18 (0.15) -0.28 (0.14)*
Cooperation 0.19 (0.13) 0.20 (0.11)
Neuroticism -0.12 (0.18) -0.06 (0.18)
Extraversion 0.20 (0.13) 0.22 (0.11)
Openness —0.05 (0.17) —0.05 (0.16)
Agreeableness 0.08 (0.14) 0.07 (0.12)
Conscientiousness -0.23 (0.14) -0.16 (0.13)
Blink synchronization 0.37 (0.13)**
R? (adjusted) .00 (-.01) .13 (ol) .26 (.14)
F-statistic F(1,72)=0.01 F(9, 64)=1.07 F(10, 63)=2.15%*

Note. N=74. Standardized coefficients are reported. Robust standard errors (HC3) are
displayed in parentheses.
*p<.05. ¥p <.0l.

simultaneous modeling of back and forward change in the order parameter
following different paths, and it covers both the continuous and discrete com-
ponents of change. Results of this model were similar to our linear regression
model (see Supplemental Material).

For Hypothesis 2, a univariate ANOVA revealed a significant difference
between the two phases of the experiment, F(1, 73)=10.10, p <.01, n?>=.12.
Blink synchronization during the problem-solving task (M=0.54) was greater
than during familiarization (M=0.52; see Figure 2), thus showing an increase
over the course of the virtual session.

Discussion

In our globalized working world, virtual collaboration between teams com-
prised of unfamiliar people has become a new standard, and efficient virtual
teamwork has become more important than ever. To date, there are no reliable
measures that inform us about the quality of collaboration in virtual teams.
Blink rate offers insights into an individual’s mental activity while perform-
ing tasks, and our findings demonstrate that blink rate synchronization during
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Figure l. Association between problem-solving performance and blink

synchronization.
Note. Standardized values are displayed with linear regressions and a 95% confidence interval.
Density plots on either side of the graphs denote relative frequency distributions.

collaborative task-solving also provides valuable information in this regard.
Our results showed that teams with higher blink synchronization performed
better in a problem-solving task (Hypothesis ). After controlling for baseline
blink rate, personality traits, and sympathy, we found that blink synchroniza-
tion during the problem-solving task was a robust predictor for team perfor-
mance. We further found that the strength of blink synchronization increased
over the course of collaboration (Hypothesis 2).

To begin with, we found evidence that more blink synchronization was
related to better problem-solving performance in virtual teams. Prior
research has shown that team performance can be predicted by neural syn-
chronization between team members (e.g., Szymanski et al., 2017).
Specifically, those studies investigated the synchronization of electrical
brain signals using EEG to predict team performance (e.g., Reinero et al.,
2021). Our study provides evidence that measuring the synchronization of
blink rate via eye-tracking is also suitable for predicting team performance.
Furthermore, we extended this line of research to a virtual setting, departing
from the traditional face-to-face context. Our findings indicated that team
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Figure 2. Change in blink synchronization across time.
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members with blink synchronization shared a common understanding of the
problem space, developed mental models regarding the issue, and directed
their attention collectively toward the visual input, namely the list of items
to be ranked based on their importance for survival (O’Madagain &
Tomasello, 2021; Poyséa-Tarhonen et al., 2021). By seeing their partner via
webcam, it was possible for individuals to follow their partner’s stream of
thought (Schneider & Pea, 2015) and thus achieve a shared mental model of
the problem to solve (D’Angelo & Schneider, 2021).

Our results suggest that blink synchronization might serve as a behavioral
index of mental synchronization during virtual collaboration (Koike et al.,
2016) and in turn supports problem-solving performance in virtual teams.
Existing literature suggests that the mechanism by which mental models have
a positive effect on teamwork is not well understood. Interacting virtually
may require teams to develop new types of mental models related to the
applied communication tools, their capacities, and the appropriateness of
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their use of the tools for certain interactions. In a virtual environment, the
ability of team members to synchronously communicate, resolve differences
in their understanding, or increase awareness of others’ performance is lim-
ited. As the degree of virtuality increases, the association between the com-
plexity of mental models and the effectiveness of mutual performance
monitoring is reduced (Schmidtke & Cummings, 2017). Recent research sug-
gests that shared behavioral dynamics during interpersonal interaction are
indicative of interaction outcomes like performance success. For example,
synchrony of skin conductance and electromyographic measures develops
spontaneously among team members during a cooperative production task
(Monster et al., 2016). Moreover, high team synchrony was indicative of
team cohesion, while low team synchrony was indicative of a teams’ decision
to adopt new behavior (Menster et al., 2016). Recent studies have further
provided evidence of the importance of possessing a shared mental model
within teams (e.g., Burke et al., 2006; Cannon-Bowers et al., 1993; Day et al.,
2004; Klimoski & Mohammed, 1994; Marks et al., 2000). While shared men-
tal models may not lead to performance improvements when teams complete
independent tasks, they can lead to improved performance when individuals
work on interdependent subtasks (Minionis et al., 1995). Therefore, research
has shown that shared mental models are important for team effectiveness as
well as performance (see Mathieu et al., 2000, 2005). When solving the task
used in this present study, prior research showed that individuals shared a
mental model concerning the optimal survival strategy during winter survival
(Blickensderfer et al., 1997). Moreover, team monitoring, such as via web-
cam, has been suggested to improve coordination and feedback processes,
consequently leading to improved team performance (Marks & Panzer,
2004). The webcam view could potentially serve as a valuable tool for moni-
toring team members’ task-related behaviors, which, in turn, could have a
positive impact on team performance.

Over the time course of the virtual team session, we found an overall
increase in blink synchronization. Similarly, teamwork has been found to
lead to synchronization in heart rate and electrodermal activity; the highest
synchronization could be measured after the completion of a cooperation task
(Romero-Martinez et al., 2019). Virtual teamwork had not been investigated
in terms of synchronization processes, however. Although computer-medi-
ated communication has become an important tool in organizations (Li,
2007), it remains unclear what factors are most critical for achieving effective
collaboration in virtual team settings. Some studies have examined how vir-
tual teamwork impacts performance and whether virtual teams are as effec-
tive as face-to-face teams (Adams et al., 2005; Baltes et al., 2002; Becker-Beck
etal., 2005; Flanagin et al., 2004). Group performance was subjectively rated
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better in face-to-face than in computer-mediated groups (Becker-Beck et al.,
2005), while familiarity between team members played an important role for
team performance and satisfaction in virtual settings (Adams et al., 2005). In
addition, a meta-analysis found that computer-mediated communication led
to decreases in group effectiveness as well as satisfaction, and an increase in
time required to complete tasks, compared to face-to-face groups (Baltes
et al., 2002). Our results add to this body of research as they shed light on
what impacts team performance in the virtual context. As we intentionally
paired individuals who were not acquainted beforehand, we can infer that the
effect of synchronization likely persists regardless of the level of familiarity
between people.

Limitations and Practical Implications

The main limitation to our study pertains to the sample size. Although power
analysis was conducted before data collection, our sample of 38 teams is
rather small. Further, the task employed in this study did not reflect typical
everyday problems encountered in work settings. Future studies should
explore the relationship between blink synchronization and team perfor-
mance by investigating tasks that are more applicable to daily work life.
Moreover, future research can investigate more realistic virtual work settings,
such as collaboration between workers of different expertise, as well as
between freelancers who collaborate on platforms like Fiverr. Further, it is
important for future research to apply new methods that measure blink rate
and facial expressions such as using built-in webcams (Kraft et al., 2022), as
mobile eye-tracking is not exactly practical. Further research is necessary to
obtain practical evidence regarding the potential value of a system that
informs team members based on their blink synchronization. For example,
investigating the effectiveness of a system that encourages increased com-
munication among team members based on their blink synchronization might
be beneficial. Research has shown that receiving feedback indicating a high
level of physiological synchrony can increase perceived empathy (Okel,
2018), although conflicting evidence also indicates there is no effect of syn-
chrony feedback on perceived empathy or team performance (van Laar,
2019). Our findings indicate that blink synchronization during problem-solv-
ing might predict powerful team constellations. The increase in blink syn-
chronization over the course of the study showed that team members aligned
with each other, indicating that longer sessions might lead to increased blink
synchronization, and in turn improve team performance.

While our results demonstrated that blink synchronization predicts prob-
lem-solving performance in virtual teams, the question of how to enhance
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synchronization between individuals still remains. Familiarity plays a larger
role in computer-mediated than in face-to-face teams, affecting performance
and satisfaction (Adams et al., 2005). According to our findings, synchroni-
zation occurred during the familiarization phase, just before individuals com-
menced their task, and this synchronization persisted for approximately
4min. Furthermore, synchronization notably increased during the 10-min
problem-solving task in comparison to the familiarization phase. In our
Supplemental Material, we present a comprehensive analysis of 1-min
sequences, which demonstrates the stability of synchronization throughout
both the familiarization and problem-solving phases. These results indicate
that a duration between 10 and 15 min would be optimal to achieve synchro-
nization. In our study, team members were constantly seeing and talking to
each other, especially while solving the problem, which presumably facili-
tated the synchronization, indicating that visual and verbal interaction among
individuals is an effective method to achieve synchronization. However,
prior research has shown that, even when participants were positioned back-
to-back and unable to see each other, they still achieved blink synchroniza-
tion while engaging in conversation (Gupta et al., 2019), indicating that
verbal interaction alone might be enough to achieve synchronization.

Conclusion

Our study contributes to research investigating physiological synchroniza-
tion during virtual teamwork and its impact on team performance. Specifically,
our results suggest that quantifying blink synchronization in teams is a suit-
able measure of the team members’ construal of their shared understanding of
a problem and is associated with their problem-solving performance.
Therefore, blink rate, and more specifically, blink synchronization among
team members, acts as a promising proxy of how team members develop
solutions to problems interactively. Given the increasing prevalence of vir-
tual teamwork in recent years, this type of research is especially relevant and
warrants closer investigation.

Declaration of Conflicting Interests

The author(s) declared no potential conflicts of interest with respect to the research,
authorship, and/or publication of this article.

Funding

The author(s) received no financial support for the research, authorship, and/or publi-
cation of this article.



16 Small Group Research 00(0)

ORCID iD
Alexandra Hoffmann https://orcid.org/0000-0003-2919-2766

Supplemental Material

Supplemental material for this article is available online.

References

Adams, S. J., Roch, S. G., & Ayman, R. (2005). Communication medium and mem-
ber familiarity: The effects on decision time, accuracy, and satisfaction. Small
Group Research, 36(3), 321-353. https://doi.org/10.1177/1046496405275232

Balconi, M., & Vanutelli, M. E. (2018). EEG hyperscanning and behavioral synchro-
nization during a joint actions. Neuropsychological Trends, 24, 23-47. https://
doi.org/10.7358/neur-2018-024-balc

Baltes, B. B., Dickson, M. W., Sherman, M. P., Bauer, C. C., & LaGanke, J. S. (2002).
Computer-mediated communication and group decision making: A meta-analy-
sis. Organizational Behavior and Human Decision Processes, 87(1), 156—179.
https://doi.org/10.1006/0bhd.2001.2961

Becker-Beck, U., Wintermantel, M., & Borg, A. (2005). Principles of regulating inter-
action in teams practicing face-to-face communication versus teams practicing
computer-mediated communication. Small Group Research, 36(4), 499-536.
https://doi.org/10.1177/1046496405277182

Bezerianos, A., Sun, Y., Chen, Y., Woong, K. F., Taya, F., Arico, P., Borghini, G.,
Babiloni, F., & Thakor, N. (2015, August 25-29). Cooperation driven coher-
ence: Brains working hard together [Paper presentation]. Annual International
Conference of the IEEE Engineering in Medicine & Biology Society, 2015,
Milan, Italy. https://doi.org/10.1109/EMBC.2015.7319442

Blickensderfer, E., Cannon-Bowers, J. A., & Salas, E. (1997). Theoretical bases
for team self-correction: Fostering shared mental models. Advances in
Interdisciplinary Studies of Work Teams, 4(1), 249-279.

Brucks, M. S., & Levav, J. (2022). Virtual communication curbs creative idea genera-
tion. Nature, 605(7908), 108—112. https://doi.org/10.1038/s41586-022-04643-y

Burke, C. S., Stagl, K. C., Salas, E., Pierce, L., & Kendall, D. (2006). Understanding
team adaptation: A conceptual analysis and model. Journal of Applied Psychology,
91(6), 1189-1207. https://doi.org/10.1037/0021-9010.91.6.1189

Cannon-Bowers, J. A., Salas, E., & Converse, S., Jr. (1993). Shared mental models in
expert team decision making. In N. J. Castellan, Jr. (Ed.), Individual and group
decision making: Current issues (pp. 221-246). Lawrence Erlbaum Associates.

Collins, B. E., & Guetzkow, H. S. (1964). 4 social psychology of group processes for
decision-making. Wiley.

Cross, L., Turgeon, M., & Atherton, G. (2019). How moving together binds us
together: The social consequences of interpersonal entrainment and group pro-
cesses. Open Psychology, 1(1), 273-302. https://doi.org/10.1515/psych-2018-
0018


https://orcid.org/0000-0003-2919-2766
https://doi.org/10.1177/1046496405275232
https://doi.org/10.7358/neur-2018-024-balc
https://doi.org/10.7358/neur-2018-024-balc
https://doi.org/10.1006/obhd.2001.2961
https://doi.org/10.1177/1046496405277182
https://doi.org/10.1109/EMBC.2015.7319442
https://doi.org/10.1038/s41586-022-04643-y
https://doi.org/10.1037/0021-9010.91.6.1189
https://doi.org/10.1515/psych-2018-0018
https://doi.org/10.1515/psych-2018-0018

Hoffmann et al. 17

Dama, M., & Dunbar, K. (1996, March). Distributed reasoning: An analysis of
where social and cognitive worlds fuse [Paper presentation]. Eighteenth Annual
Conference of the Cognitive Science Society 1996, San Diego, CA, United
States. https://doi.org/10.4324/9781315789422

D’Angelo, S., & Schneider, B. (2021). Shared gaze visualizations in collaborative
interactions: Past, present and future. Interacting With Computers, 33(2), 115—
133. https://doi.org/10.1093/iwcomp/iwab015

Darlington, R. B., & Hayes, A. F. (2017). Regression analysis and linear models. The
Guilford Press.

Davidson, R., & MacKinnon, J. G. (1993). Estimation and inference in econometrics.
Oxford University Press.

Day,D.V.,Gronn, P., & Salas, E. (2004). Leadership capacity in teams. The Leadership
Quarterly, 15(6), 857-880. https://doi.org/10.1016/j.leaqua.2004.09.001

De Tommaso, D., & Wykowska, A. (2019, June 25-28). TobiiGlassesPySuite: An
open-source suite for using the Tobii Pro Glasses 2 in eye-tracking studies [Paper
presentation]. 11th ACM Symposium on Eye-tracking Research & Applications
2019, Denver, CO, United States. https://doi.org/10.1145/3314111.3319828

Dikker, S., Michalareas, G., Oostrik, M., Serafimaki, A., Kahraman, H. M., Struiksma,
M. E., & Poeppel, D. (2021). Crowdsourcing neuroscience: Inter-brain cou-
pling during face-to-face interactions outside the laboratory. Neurolmage, 227,
117436. https://doi.org/10.1016/j.neuroimage.2020.117436

Dunbar, K. (2017). Problem solving. In W. Bechtel & G. Graham (Eds.), 4 compan-
ion to cognitive science (pp. 289-298). Blackwell.

Faul, F., Erdfelder, E., Buchner, A., & Lang, A.-G. (2009). Statistical power analy-
ses using G*Power 3.1: Tests for correlation and regression analyses. Behavior
Research Methods, 41, 1149—-1160. https://doi.org/10.3758/BRM.41.4.1149

Feldman, R. (2017). The neurobiology of human attachments. Trends in Cognitive
Sciences, 21(2), 80-99. https://doi.org/10.1016/j.tics.2016.11.007

Fernandez, A. (2022, March 18). The metaverse: The future of work. Forbes. https://
www.forbes.com/sites/forbesbusinesscouncil/2022/03/18/the-metaverse-the-
future-of-work/

Flanagin, A. J., Park, H. S., & Seibold, D. R. (2004). Group performance and
collaborative technology: A longitudinal and multilevel analysis of infor-
mation quality, contribution equity, and members’ satisfaction in computer-
mediated groups. Communication Monographs, 71(3), 352-372. https://doi.
0rg/10.1080/0363452042000299902

Gouhier, T. C., & Guichard, F. (2014). Synchrony: Quantifying variability in
space and time. Methods in Ecology and Evolution, 5(6), 524-533. https://doi.
org/10.1111/2041-210x.12188

Gouran, D. S., & Hirokawa, R. Y. (1983). The role of communication in decision-
making groups: A functional perspective. In M. S. Mandler (Ed.), Communication
in transition (pp. 168—185). Praeger.

Gupta, A., Strivens, F. L., Tag, B., Kunze, K., & Ward, J. A. (2019, September 11-13).
Blink as you sync — Uncovering eye and nod synchrony in conversation using


https://doi.org/10.4324/9781315789422
https://doi.org/10.1093/iwcomp/iwab015
https://doi.org/10.1016/j.leaqua.2004.09.001
https://doi.org/10.1145/3314111.3319828
https://doi.org/10.1016/j.neuroimage.2020.117436
https://doi.org/10.3758/BRM.41.4.1149
https://doi.org/10.1016/j.tics.2016.11.007
https://www.forbes.com/sites/forbesbusinesscouncil/2022/03/18/the-metaverse-the-future-of-work/
https://www.forbes.com/sites/forbesbusinesscouncil/2022/03/18/the-metaverse-the-future-of-work/
https://www.forbes.com/sites/forbesbusinesscouncil/2022/03/18/the-metaverse-the-future-of-work/
https://doi.org/10.1080/0363452042000299902
https://doi.org/10.1080/0363452042000299902
https://doi.org/10.1111/2041-210x.12188
https://doi.org/10.1111/2041-210x.12188

18 Small Group Research 00(0)

wearable sensing [Paper presentation]. 23rd International Symposium on Wearable
Computers 2019, London, UK. https://doi.org/10.1145/3341163.3347736

Hagemann, V., & Kluge, A. (2017). Complex problem solving in teams: The impact
of collective orientation on team process demands. Frontiers in Psychology,
1730. https://doi.org/10.3389/fpsyg.2017.01730

Harper, N. L., & Askling, L. R. (1980). Group communication and quality of task
solution in a media production organization. Communication Monographs,
47(2), 77-100. https://doi.org/10.1080/03637758009376022

Hershman, R., Henik, A., & Cohen, N. (2018). A novel blink detection method based
on pupillometry noise. Behavior Research Methods, 50(1), 107—114. https://doi.
org/10.3758/s13428-017-1008-1

Hirokawa, R. Y., & Rost, K. M. (1992). Effective group decision making in organiza-
tions: Field test of the vigilant interaction theory. Management Communication
Quarterly, 5(3), 267-288. https://doi.org/10.1177/0893318992005003001

Hirokawa, R. Y., & Salazar, A. J. (1999). Task-group communication and decision-
making performance. In L. Frey, D. S. Gouran, & M. S. Poole (Eds.), The hand-
book of group communication theory and research (pp. 167-191). Sage.

Hochbaum, D. S., & Levin, A. (2006). Methodologies and algorithms for group-rank-
ings decision. Management Science, 52(9), 1394—1408. https://doi.org/10.1287/
mnsc.1060.0540

Hu, Y., Pan, Y., Shi, X., Cai, Q., Li, X., & Cheng, X. (2018). Inter-brain synchrony
and cooperation context in interactive decision making. Biological Psychology,
133, 54-62. https://doi.org/10.1016/j.biopsycho.2017.12.005

Innami, I. (1994). The quality of group decisions, group verbal behavior, and inter-
vention. Organizational Behavior and Human Decision Processes, 60(3), 409—
430. https://doi.org/10.1006/0bhd.1994.1092

Jeong, A. C. (2006). The effects of conversational language on group interaction
and group performance in computer-supported collaborative argumentation.
Instructional Science, 34(5), 367-397. https://doi.org/10.1007/s11251-006-
0002-2

Kauffeld, S., & Lehmann-Willenbrock, N. (2012). Meetings matter: Effects of team
meetings on team and organizational success. Small Group Research, 43(2),
130-158. https://doi.org/10.1177/1046496411429599

Kazi, S., Khaleghzadegan, S., Dinh, J. V., Shelhamer, M. J., Sapirstein, A.,
Goeddel, L. A., Chime, N. O., Salas, E., & Rosen, M. A. (2021). Team physi-
ological dynamics: A critical review. Human Factors, 63(1), 32—65. https://doi.
org/10.1177/0018720819874160

Klimoski, R., & Mohammed, S. (1994). Team mental model: Construct or metaphor?
Journal of Management, 20(2), 403—437. https://doi.org/10.1177/014920639402
000206

Kniffin, K. M., Narayanan, J., Anseel, F., Antonakis, J., Ashford, S. P., Bakker, A. B.,
Bamberger, P., Bapuji, H., Bhave, D. P., Choi, V. K., Creary, S. J., Demerouti,
E., Flynn, F. J., Gelfand, M. J., Greer, L. L., Johns, G., Kesebir, S., Klein, P. G.,
Lee,S. Y., ... Vugt, M. V. (2021). COVID-19 and the workplace: Implications,


https://doi.org/10.1145/3341163.3347736
https://doi.org/10.3389/fpsyg.2017.01730
https://doi.org/10.1080/03637758009376022
https://doi.org/10.3758/s13428-017-1008-1
https://doi.org/10.3758/s13428-017-1008-1
https://doi.org/10.1177/0893318992005003001
https://doi.org/10.1287/mnsc.1060.0540
https://doi.org/10.1287/mnsc.1060.0540
https://doi.org/10.1016/j.biopsycho.2017.12.005
https://doi.org/10.1006/obhd.1994.1092
https://doi.org/10.1007/s11251-006-0002-2
https://doi.org/10.1007/s11251-006-0002-2
https://doi.org/10.1177/1046496411429599
https://doi.org/10.1177/0018720819874160
https://doi.org/10.1177/0018720819874160
https://doi.org/10.1177/014920639402000206
https://doi.org/10.1177/014920639402000206

Hoffmann et al. 19

issues, and insights for future research and action. American Psychologist, 76(1),
63—77. https://doi.org/10.1037/amp0000716

Koike, T., Tanabe, H. C., Okazaki, S., Nakagawa, E., Sasaki, A. T., Shimada, K.,
Sugawara, S. K., Takahashi, H. K., Yoshihara, K., Bosch-Bayard, J., & Sadato,
N. (2016). Neural substrates of shared attention as social memory: A hyperscan-
ning functional magnetic resonance imaging study. Neurolmage, 125, 401-412.
https://doi.org/10.1016/j.neuroimage.2015.09.076

Korner, A., Geyer, M., Roth, M., Drapeau, M., Schmutzer, G., Albani, C., Schumann,
S., & Brihler, E. (2008). Personlichkeitsdiagnostik mit dem NEO-Fiinf-
Faktoren-Inventar: Die 30-Item-Kurzversion (NEO-FFI-30). Psychotherapie,
Psychosomatik, Medizinische Psychologie, 58(6), 238-245. https://doi.
org/10.1055/s-2007-986199

Kraft, D., Schmidt, A., Biittner, L., Oschinsky, F. M., Lambusch, F., Van Laerhoven,
K., Bieber, G., & Fellmann, M. (2022, June 29-July 1). CareCam: Towards user-
tailored interventions at the workplace using a Webcam [Paper presentation].
15th International Conference on Pervasive Technologies Related to Assistive
Environments, Corfu, Greece. https://doi.org/10.1145/3529190.3534778

Kuhn, T., & Poole, M. S. (2000). Do conflict management styles affect group deci-
sion making? Evidence from a longitudinal field study. Human Communication
Research, 26(4), 558-590. https://doi.org/10.1111/j.1468-2958.2000.tb00769.x

Launay, J., Tarr, B., & Dunbar, R. I. M. (2016). Synchrony as an adaptive mechanism
for large-scale human social bonding. Ethology, 122(10), 779-789. https://doi.
org/10.1111/eth.12528

Lehmann-Willenbrock, N., & Allen, J. A. (2014). How fun are your meetings?
Investigating the relationship between humor patterns in team interactions and
team performance. Journal of Applied Psychology, 99(6), 1278—1287. https://doi.
org/10.1037/a0038083

Lehmann-Willenbrock, N., Chiu, M. M., Lei, Z., & Kauffeld, S. (2017).
Understanding positivity within dynamic team interactions: A statistical dis-
course analysis. Group & Organization Management, 42(1), 39-78. https://doi.
org/10.1177/1059601116628720

Li, S. C. S. (2007). Computer-mediated communication and group decision making:
A functional perspective. Small Group Research, 38(5), 593—614. https://doi.
org/10.1177/1046496407304335

Liu, Y., Dong, Y., Liang, H., Chiclana, F., & Herrera-Viedma, E. (2019). Multiple
attribute strategic weight manipulation with minimum cost in a group decision
making context with interval attribute weights information. /EEE Transactions
on Systems Man and Cybernetics Systems, 49(10), 1981-1992. https://doi.
org/10.1109/tsmc.2018.2874942

Loreau, M., & de Mazancourt, C. (2008). Species synchrony and its drivers: Neutral
and nonneutral community dynamics in fluctuating environments. 7he American
Naturalist, 172(2), EA8—E66. https://doi.org/10.1086/589746

Maran, T., Furtner, M., Liegl, S., Ravet-Brown, T., Haraped, L., & Sachse, P. (2021).
Visual attention in real-world conversation: Gaze patterns are modulated by


https://doi.org/10.1037/amp0000716
https://doi.org/10.1016/j.neuroimage.2015.09.076
https://doi.org/10.1055/s-2007-986199
https://doi.org/10.1055/s-2007-986199
https://doi.org/10.1145/3529190.3534778
https://doi.org/10.1111/j.1468-2958.2000.tb00769.x
https://doi.org/10.1111/eth.12528
https://doi.org/10.1111/eth.12528
https://doi.org/10.1037/a0038083
https://doi.org/10.1037/a0038083
https://doi.org/10.1177/1059601116628720
https://doi.org/10.1177/1059601116628720
https://doi.org/10.1177/1046496407304335
https://doi.org/10.1177/1046496407304335
https://doi.org/10.1109/tsmc.2018.2874942
https://doi.org/10.1109/tsmc.2018.2874942
https://doi.org/10.1086/589746

20 Small Group Research 00(0)

communication and group size. Psychologie Appliquee, 70(4), 1602-1627.
https://doi.org/10.1111/apps.12291

Marks, M. A., & Panzer, F. J. (2004). The influence of team monitoring on team
processes and performance. Human Performance, 17(1), 25-41. https://doi.
org/10.1207/s15327043hup1701 2

Marks, M. A., Zaccaro, S. J., & Mathieu, J. E. (2000). Performance implications
of leader briefings and team-interaction training for team adaptation to novel
environments. Journal of Applied Psychology, 85(6), 971-986. https://doi.
org/10.1037/0021-9010.85.6.971

Mathieu, J. E., Heffner, T. S., Goodwin, G. F., Cannon-Bowers, J. A., & Salas, E.
(2005). Scaling the quality of teammates’ mental models: Equifinality and nor-
mative comparisons. Journal of Organizational Behavior, 26(1), 37-56. https://
doi.org/10.1002/job.296

Mathieu, J. E., Heffner, T. S., Goodwin, G. F., Salas, E., & Cannon-Bowers, J. A.
(2000). The influence of shared mental models on team process and performance.
Journal of Applied Psychology, 85(2), 273-283. https://doi.org/10.1037/0021-
9010.85.2.273

Mayo, O., Lavidor, M., & Gordon, I. (2021). Interpersonal autonomic nervous sys-
tem synchrony and its association to relationship and performance - A system-
atic review and meta-analysis. Physiology & Behavior, 235, 113391. https://doi.
org/10.1016/j.physbeh.2021.113391

Mayseless, N., Hawthorne, G., & Reiss, A. L. (2019). Real-life creative problem
solving in teams: fNIRS based hyperscanning study. Neurolmage, 203, 116161.
https://doi.org/10.1016/j.neuroimage.2019.116161

Minionis, D. P., Zaccaro, S. J., & Perez, R. (1995, May). Shared mental models, team
coordination, and team performance [Paper presentation]. 10th Annual Meeting
of the Society for Industrial and Organizational Psychology, Orlando, FL, United
States.

Menster, D., Hakonsson, D. D., Eskildsen, J. K., & Wallot, S. (2016). Physiological
evidence of interpersonal dynamics in a cooperative production task. Physiology
& Behavior, 156, 24-34. https://doi.org/10.1016/j.physbeh.2016.01.004

Okel, S. (2018). The effect of biofeedback on perceived empathy and social connect-
edness during social interaction [Master dissertation, Eindhoven University of
Technology]. https://pure.tue.nl/

O’Madagain, C., & Tomasello, M. (2021). Joint attention to mental content and the
social origin of reasoning. Synthese, 198, 4057-4078. https://doi.org/10.1007/
s11229-019-02327-1

Palumbo, R. V., Marraccini, M. E., Weyandt, L. L., Wilder-Smith, O., McGee, H.
A., Liu, S., & Goodwin, M. S. (2017). Interpersonal autonomic physiology: A
systematic review of the literature. Personality and Social Psychology Review,
21(2), 99-141. https://doi.org/10.1177/1088868316628405

Paulus, C. G. (20006). Saarbriicker Personlichkeits-Fragebogen zu Empathie (SPF-
IRI). Retrieved April 1, 2022, from http://psydok.sulb.uni-saarland.de/voll-
texte/2009/2363/


https://doi.org/10.1111/apps.12291
https://doi.org/10.1207/s15327043hup1701_2
https://doi.org/10.1207/s15327043hup1701_2
https://doi.org/10.1037/0021-9010.85.6.971
https://doi.org/10.1037/0021-9010.85.6.971
https://doi.org/10.1002/job.296
https://doi.org/10.1002/job.296
https://doi.org/10.1037/0021-9010.85.2.273
https://doi.org/10.1037/0021-9010.85.2.273
https://doi.org/10.1016/j.physbeh.2021.113391
https://doi.org/10.1016/j.physbeh.2021.113391
https://doi.org/10.1016/j.neuroimage.2019.116161
https://doi.org/10.1016/j.physbeh.2016.01.004
https://pure.tue.nl/
https://doi.org/10.1007/s11229-019-02327-1
https://doi.org/10.1007/s11229-019-02327-1
https://doi.org/10.1177/1088868316628405
http://psydok.sulb.uni-saarland.de/volltexte/2009/2363/
http://psydok.sulb.uni-saarland.de/volltexte/2009/2363/

Hoffmann et al. 21

Poysd-Tarhonen, J., Awwal, N., Hikkinen, P., & Otieno, S. (2021). Joint atten-
tion behaviour in remote collaborative problem solving: Exploring different
attentional levels in dyadic interaction. Research and Practice in Technology
Enhanced Learning, 16(1), 11. https://doi.org/10.1186/s41039-021-00160-0

Reinero, D. A., Dikker, S., & Van Bavel, J. J. (2021). Inter-brain synchrony in teams
predicts collective performance. Social Cognitive and Affective Neuroscience,
16(1-2), 43-57. https://doi.org/10.1093/scan/nsaal35

Reysen, S. (2005). Construction of a new scale: The Reysen Likability Scale.
Social Behavior and Personality, 33(2), 201-208. https://doi.org/10.2224/
sbp.2005.33.2.201

The R Foundation. (n.d.). The R project for statistical computing. Retrieved July 23,
2023, from https://www.R-project.org/

Richardson, D. C., & Dale, R. (2005). Looking to understand: The coupling between
speakers’ and listeners’ eye movements and its relationship to discourse com-
prehension. Cognitive Science, 29(6), 1045-1060. https://doi.org/10.1207/
s15516709cog0000 29

Romeike, P. D., Nienaber, A. M., & Schewe, G. (2016). How differences in percep-
tions of own and team performance impact trust and job satisfaction in virtual
teams. Human Performance, 29(4), 291-309. https://doi.org/10.1080/08959285
.2016.1165226

Romero-Martinez, Rodriguez A, & Moya-Albiol, L. (2019). Is it easy to synchronize
our minds when we are forced to cooperate? Brain Sciences, 9(10), 282. https://
doi.org/10.3390/brainsci9100282

Salazar, A. J., Hirokawa, R. Y., Propp, K. M., Julian, K. M., & Leatham, G. B. (1994).
In search of true causes: Examination of the effect of group potential and group
interaction on decision performance. Human Communication Research, 20(4),
529-599. https://doi.org/10.1111/j.1468-2958.1994.tb00334.x

Schilbach, L. (2015). Eye to eye, face to face and brain to brain: Novel approaches
to study the behavioral dynamics and neural mechanisms of social interactions.
Current Opinion in Behavioral Sciences, 3, 130-135. https://doi.org/10.1016/j.
cobeha.2015.03.006

Schmidtke, J. M., & Cummings, A. (2017). The effects of virtualness on teamwork
behavioral components: The role of shared mental models. Human Resource
Management Review, 27(4), 660—677. https://doi.org/10.1016/j.hrmr.2016
.12.011

Schneider, B., & Pea, R. (2015). Does seeing one another’s gaze affect group dia-
logue? A computational approach. Journal of Learning Analytics, 2(2), 107-133.
https://doi.org/10.18608/j1a.2015.22.9

Sinha, N., Maszczyk, T., Wanxuan, Z., Tan, J., & Dauwels, J. (2016, October 9—
12). EEG hyperscanning study of inter-brain synchrony during cooperative and
competitive interaction [Paper presentation]. IEEE International Conference
on Systems, Man, & Cybernetics, Budapest, Hungary. https://doi.org/10.1109/
SMC.2016.7844990


https://doi.org/10.1186/s41039-021-00160-0
https://doi.org/10.1093/scan/nsaa135
https://doi.org/10.2224/sbp.2005.33.2.201
https://doi.org/10.2224/sbp.2005.33.2.201
https://www.R-project.org/
https://doi.org/10.1207/s15516709cog0000_29
https://doi.org/10.1207/s15516709cog0000_29
https://doi.org/10.1080/08959285.2016.1165226
https://doi.org/10.1080/08959285.2016.1165226
https://doi.org/10.3390/brainsci9100282
https://doi.org/10.3390/brainsci9100282
https://doi.org/10.1111/j.1468-2958.1994.tb00334.x
https://doi.org/10.1016/j.cobeha.2015.03.006
https://doi.org/10.1016/j.cobeha.2015.03.006
https://doi.org/10.1016/j.hrmr.2016.12.011
https://doi.org/10.1016/j.hrmr.2016.12.011
https://doi.org/10.18608/jla.2015.22.9
https://doi.org/10.1109/SMC.2016.7844990
https://doi.org/10.1109/SMC.2016.7844990

22 Small Group Research 00(0)

Slagter, H. A., Davidson, R. J., & Tomer, R. (2010). Eye-blink rate predicts individual
differences in pseudoneglect. Neuropsychologia, 48(5), 1265-1268. https://doi.
org/10.1016/j.neuropsychologia.2009.12.027

Slagter, H. A., Georgopoulou, K., & Frank, M. J. (2015). Spontaneous eye blink rate
predicts learning from negative, but not positive, outcomes. Neuropsychologia,
71, 126-132. https://doi.org/10.1016/j.neuropsychologia.2015.03.028

Szymanski, C., Pesquita, A., Brennan, A. A., Perdikis, D., Enns, J. T., Brick, T. R.,
Miiller, V., & Lindenberger, U. (2017). Teams on the same wavelength perform
better: Inter-brain phase synchronization constitutes a neural substrate for social
facilitation. Neurolmage, 152, 425-436. https://doi.org/10.1016/j.neuroim-
age.2017.03.013

Tannenbaum, S. 1., Beard, R. L., & Salas, E. (1992). Team building and its influence
on team effectiveness: An examination of conceptual and empirical develop-
ments. In K. Kelley (Ed.), Issues, theory, and research in industrial/organiza-
tional psychology (pp. 117-153). North-Holland.

Thai, L. C., Tomlinson, A., & Ridder, W. H. (2002). Contact lens drying and visual
performance: The vision cycle with contact lenses. Optometry and Vision Science,
79(6), 381-388. https://portal.issn.org/resource/ISSN/1040-5488

van Laar, K. C. (2019). The moderating effect of Biofeedback on the relation between
Physiological Synchrony and Empathy & Team Performance [Master disserta-
tion, Eindhoven University of Technology]. https://pure.tue.nl/

Wallenius, J., Dyer, J. S., Fishburn, P. C., Steuer, R. E., Zionts, S., & Deb, K. (2008).
Multiple criteria decision making, multiattribute utility theory: Recent accom-
plishments and what lies ahead. Management Science, 54(7), 1336-1349. https://
doi.org/10.1287/mnsc.1070.0838

Yager, R. R. (2002). Defending against strategic manipulation in uninorm-based
multi-agent decision making. European Journal of Operational Research,
141(1), 217-232. https://doi.org/10.1016/s0377-2217(01)00267-3

Zhang, M., Jia, H., Zheng, M., & Liu, T. (2021). Group decision-making behavior
in social dilemmas: Inter-brain synchrony and the predictive role of personal-
ity traits. Personality and Individual Differences, 168, 110315. https://doi.
org/10.1016/j.paid.2020.110315

Author Biographies

Alexandra Hoffmann focuses on cognitive psychology, psychophysiology, and eye-
tracking. With physiological methods she wants to investigate how individuals react
in interactions with each other. She is further interested in applying mobile eye-track-
ing to dive deeper into the world of social attention and interpersonal communication
in different settings.

Anna-Maria Schellhorn prepared her master thesis during her psychology studies
under the guidance of Alexandra Hoffmann and was therefore involved in the project
for this paper. She is currently working in a market research company and may pursue
a PhD in the field of hyperscanning in the future.


https://doi.org/10.1016/j.neuropsychologia.2009.12.027
https://doi.org/10.1016/j.neuropsychologia.2009.12.027
https://doi.org/10.1016/j.neuropsychologia.2015.03.028
https://doi.org/10.1016/j.neuroimage.2017.03.013
https://doi.org/10.1016/j.neuroimage.2017.03.013
https://portal.issn.org/resource/ISSN/1040-5488
https://pure.tue.nl/
https://doi.org/10.1287/mnsc.1070.0838
https://doi.org/10.1287/mnsc.1070.0838
https://doi.org/10.1016/s0377-2217(01)00267-3
https://doi.org/10.1016/j.paid.2020.110315
https://doi.org/10.1016/j.paid.2020.110315

Hoffmann et al. 23

Marcel Ritter is an expert in computer science, and has focused on computer graph-
ics, data modeling as well as scientific visualization. He offers skills that are helpful
in the processing and computation of eye-tracking data, which led to a collaboration
with the psychology department.

Pierre Sachse’s main research interests lie in the field of macro-cognition as well as
everyday cognition. He focuses on the analysis of perceptual processes and pupillom-
etry. Moreover, he studies the working memory and different thinking styles.

Thomas Maran investigates how managers can lead successfully, and more specifi-
cally, how they can find the right balance between directive and empowering leader-
ship to lead teams to high performance. At the same time, he investigates which strat-
egies and tools support founders and managers in turning their entrepreneurial vision
into reality.



