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Abstract Workplaces have evolved to rely on digital media for collaboration.
Previous research has demonstrated how different characteristics of these tools,
such as richness and naturalness, can enable and constrain communication among
online teams. However, the role of affect in these collaborations, and the degree to
which teams are able to communicate affective information, remains less clear. This
research-in-progress presents a laboratory experiment that compared creative task
performance under two conditions (i) dyads were online or in-person (ii) dyads began
with similar or different affective states.

Keywords Digital teams + Media naturalness + Mood synchronicity + Emotion
contagion

1 Introduction

Communication media allow different types of information to be communicated,
including both cognitive and affective information. The media naturalness hypoth-
esis suggests humans prefer face-to-face-like communication because our biological
apparatus has evolved to prime us with the necessary symbolic tools and heightened
physiological alertness for these face-to-face processes [1, 2]. Thus, media natural-
ness helps to explain some of our difficulties with digital media by showing how
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humans rely on capabilities that evolved over thousands of years to perform modern
tasks [1]. Yet, despite the limitations of digital media, there is evidence that people
sometimes perform as well or better using less natural media (e.g., instant messaging)
rather than natural media (e.g., video conferencing).

One explanation is that collaboration is not a purely cognitive endeavor; rather,
it includes a strong affective component [3]. At the offset of collaboration, team
members likely exhibit different moods and affective states [4, 5]. These dissimilar
moods can promote generative behavior and new possibilities as individuals confront
their differences [6]. This is important, as it allows teams to harness their different
perspectives and find possibilities they may not have found on their own [7, 8]. It
can also lead to discomfort and emotional uncertainty among team members, who
may even suffer relationship breakdowns if the affective conflict becomes engrained
in their relationship [9].

Provided teams can battle through these divergent affective states, they will typi-
cally converge towards a common mood through processes of affective contagion
[10, 11], which acts to reinforce specific emotions and reduce ambivalence [12—
14]. The resulting shared affective “vantage point” helps team members align their
expectations [15], limiting the potential distraction of exploring new possibilities.

For this reason, the ability to communicate affective information appears to be
both a blessing and a curse. It is both an engine for a team’s creativity and ability to
push each other and a source of distraction that can create interpersonal obstacles to
collaboration. We argue that, if we are to make sense of conflicting findings about
teams’ media preferences and performance outcomes, we must make sense of how
digital media impact collaboration and allow individuals to find a suitable balance
of affective conflict. Hence, this study proposes a laboratory experiment to study the
effect of communication media (in-person vs. via video conference) on creativity
and explore emotion contagion as a mediating factor. The remainder of this work-
in-progress paper presents the research design and early results from preliminary
analyses of partial data.

2 Methods

Study Design

Participants. Participants were recruited from the compensated subject pool of a
West Coast American university and the study was conducted on campus. Participants
were all 18 years or older, affiliated with the university, and were compensated with
a $20 gift card.

Task. Participants were paired into dyads and asked to complete three consecutive
trials of the so-called “alternative use task” (AUT) (e.g., [16—18]). For each trial,
participants were given the name of an object and asked to generate as many alter-
native uses for this object as possible in 5 min. They were informed that their ideas
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will be evaluated based on originality, number, uniqueness, and level of detail. After
instructions were displayed through a set of slides, the page automatically advanced
to a blank Google Sheet with instructions and the name of the object for the ongoing
trial. The order of the trials was consistent for all dyads: frisbee, newspaper, and
plastic bottle. Once the 5 min were up, the page automatically advanced to the next
trial.

Treatments. The experiment used a two by two, between-subjects design with four
treatments: (i) in-person communication, (ii) video-conference-based communica-
tion, (iii) convergent mood, and (iv) divergent mood. Assignment to treatment was
randomized. The experiment was created using Qualtrics software (www.qualtrics.
com) for questionnaires, Google Sheets for task completion, and iMotions software
(www.imotions.com) to program the experiment. Only one participant in each dyad
was permitted to type into the Google Sheet, while the other participant could only
view the shared spreadsheet. The writer’s role was assigned randomly before the
session and remained assigned to the same participant for all three trials.

In-person dyads completed the task face-to-face, only separated by their respec-
tive laptops, while online dyads were connected via Zoom after the mood induction.
In-person dyads were brought into a shared room and seated at a round table with
two workstations (14” laptops) across from one another, separated by a divider. The
divider was removed after the mood induction, right before starting the collaborative
task. Online dyads were placed in separate rooms and seated at individual worksta-
tions in front of a 14” laptop and 22” monitor (display only) placed one behind the
another. The Zoom conference was displayed on the larger monitor.

Convergent and divergent moods were manipulated via pre-task induction. Diver-
gent moods were induced by getting the two participants of a dyad to play two
different versions of a Pac-man game, one version to induce positive affect (PA-
Pacman) and one to induce negative affect (NA-Pacman). Convergent moods were
induced by getting both participants of a dyad to play the same version of the Pac-
man game (either both positive or both negative). The game lasted five minutes, after
which it stopped automatically, similar to [19]. The respective effects of the two
versions of the Pac-man game were validated in a pilot of this study [20].

Instruments. Convergent and divergent moods were measured using a version
of the Positive Affect and Negative Affect Scale (PANAS) administrated via a
Qualtrics questionnaire before and after the mood induction. Creative performance
was measured through “fluency” [21], that is, the number of ideas produced per dyad.
Moreover, we used self-report measures of affective states [22], cognitive consensus
[23, 24], team processes [24-28], and perceived affective friction [20]. The task
outcome was measured as the mean fluency of each dyad [21].

Physiological data. During the experiment, eye gaze was measured by Tobii Pro
x3-120 eye trackers, skin conductance and cardiac rhythms were recorded using
Shimmer3 GSR+ and ECG, and Affectiva performs facial expression analysis (FEA).

Within each dyad, we considered a range of different analytical techniques to
measure physiological synchrony as a proxy for emotional contagion, including
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cross-correlation [29-33], coherence, cross-recurrence, and delayed coincidence
count [33, 34]. We also plan to analyze gaze overlap signals [35, 36], which have
been associated with affective engagement [37, 38].

Data preparation. Prior to running statistical tests, we pre-processed the FEA data.
Because each dyad performed the experimental task on two different machines, the
data needed to be synchronized pairwise. iMotions provides a Unix timestamp that
marks the start of data collection for each participant as well as an integrated times-
tamp for all sensors in milliseconds since recording started. This allowed us to derive
the real-time data point for all signals and participants. However, because the data
was recorded on different machines, the data was imperfectly synchronized within
dyads. To allow for accurate comparison within dyads, we performed an interpolation
technique on the smile coefficients and the real time of the session. We used a one-
dimensional piecewise cubic Hermite interpolating polynomial [39], also known as
Pchiplnterpolator. This technique constructs a smooth curve that passes through the
given data points while maintaining monotonicity (i.e., it does not produce any local
maxima or minima between data points). First, the data was filtered and cleaned,
converting the ‘real_time’ column to numeric values. Then, the Python Scipy Pchip-
Interpolator function [40] was used to interpolate the data for each participant. The
time range was determined by finding the maximum and minimum time values for
the two participants being analyzed and using this range to create a new time array
with a uniform time step of 20 ms (2e7 ns). Finally, the interpolated smile values
for each participant were appended to a new list that was used for the rest of the
analyses.

3 Preliminary Analysis

Manipulation Check

A 2 x 2 analysis of variance (ANOVA) with time (pre-manipulation vs. post-
manipulation) as a within-subjects factor and game (NA-pacman vs. PA-pacman)
as a between-subject factor was conducted on the PANAS positive affect data.
Post hoc dependent samples ¢-tests revealed a significant difference between post-
manipulation NA-pacman dyads and pre-manipulation PA-pacman dyads, #(47) =
3.80, p <0.001, r = 0.12. Overall, the results suggest that positive affect was higher
after playing PA-pacman (M = 36.0, SD = 8.5) compared to pre-manipulation (M =
34.1, SD = 7.4). We also found a significant difference between post-manipulation
and pre-manipulation for NA-pacman dyads, #(51) =3.41, p = 0.001, r = 0.17. The
results also suggest that negative affect was higher after playing NA-pacman (M =
21.1, SD = 7.6) compared to pre-manipulation (M = 18.6, SD = 6.8).
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Table 1 Descriptive statistics of fluency per condition

N Mean SD SE 95% conf. Interval
CM O 30 14.2000 3.8899 0.7102 12.7475 15.6525
CMP 24 15.7083 3.5322 0.7210 14.2168 17.1999
DM O 27 15.7778 4.1169 0.7923 14.1492 17.4064
DM P 24 16.1667 4.6966 0.9587 14.1835 18.1499

CM convergent mood, DM divergent mood, O online, P in person

Descriptive Statistics

We recruited 86 participants, grouped into 43 dyads (in-person: n = 23, online: n
= 20, convergent mood: n = 21, divergent mood: n = 21). A total of 1998 ideas
were produced across all trials, of which 145 were removed from the dataset because
they either (i) did not constitute a use of the object (e.g., selling the object) or (ii)
constituted a non-alternative use of the object (e.g., playing frisbee) (frisbee: n =
600, bottle: n = 668, newspaper: n = 730). Our preliminary analyses of emotional
contagion used the smiling percentage of dyads based on Affectiva AFFDEX: M =
34.06 (t1, SD = 41.48), 24.36 (12, SD = 37.53), 24.21 (3, SD = 37.49). Table 1
provides an overview of the fluency data based on the experimental conditions.

To continue our preliminary exploration of the data, we assumed that the partici-
pant who was not writing (NW) led the smiling behavior, based on the idea that this
role takes up some of the participant’s attention. We performed a Wilcoxon rank-sum
test to test this assumption. The results suggest that there is a significant difference
in smiling scores between the writers’ smiling scores and the non-writers’ smiling
scores (F = —104.595, p < 0.001), with non-writers showing slightly lower scores.
However, the effect size of the difference was small, with a Cohen’d of —0.02.
Furthermore, we visually inspected the difference in smiling scores within dyads
through each trial, looking for variability patterns throughout the trials. Figure 1
suggests that participants within a dyad show greater fluctuation in the range of
difference with respect to each other on a second-per-second basis. In other words,
when measuring the difference between the writers’ and non-writers’ smiling scores
each second, it seemed that this difference was more dynamic throughout Trial 1,
then progressively more homogeneous as we progressed through the trials.

Preliminary Findings

We first ran a fixed effect OLS to confirm the presence of smile contagion within
dyads and across trials. The results show support for emotional contagion across each
of the three trials, both from the dyad member who was writing down ideas (Smile_
W) on the dyad member who was not (Smile_NW), and in the opposite direction
(see Table 2).
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Fig. 1 Visual representation of smile variability within dyads across trials

For our preliminary analysis, we calculated a separate basic correlation score for
the smiling measures for each member within a dyad. We did this by running a simple
fixed effects ordinary least squares (OLS) for each dyad as follows,

Smile_W;; = a; + B1Smile_NW;; + u;;

where Smile_W denotes the smiling score for the team member writing down ideas,
Smiling_NW denotes the other team member, i denotes a specific dyad, ¢ denotes
each time unit during a brainstorming session, «; is the unobserved time-invariant
individual effect, and u;, is the error term. We treated the smiling score for the
individual who was asked to write down ideas treated as the dependent variable, and
the smiling score for the other individual as the independent variable. We called this
variable Smile_contagion.

We next performed a mixed ANCOVA using our Smile_contagion coefficient, and
dummy variables derived from our experimental conditions to study their effects on
fluency. The results show support for an effect of the mood condition (i.e., divergent
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vs. convergent) on fluency, as well as an interaction of smile contagion and mood
condition (see Table 3). This analysis suggests that dyads in the divergent mood
condition are more likely to score higher on fluency, but their fluency score drops
significantly when they have strong smile contagion (see Fig. 2 for visuals).

Table 3 Mixed ANCOVA results on fluency

Mixed linear model regression results

Coef. Std. err. z P>zl [0.025 0.975]
Intercept 12.904 2.033 6.349 0.000 8.920 16.887
is_DM 7.776 3.321 2.342 0.019 —1.267 14.284
is_P —2.450 3.253 —0.753 0.451 —8.827 3.926
Smile_contagion 4.644 6.148 0.755 0.450 —7.405 16.693
Smile_ —19.088 9.013 —2.118 0.034 —36.752 —1.423
contagion:is_DM
Smile_ 11.744 9.040 1.299 0.194 —5.974 29.463
contagion:is_P
is_DM:is_P —1.265 2.369 —0.534 0.593 —5.909 3.379
Group var 9.447 1.392

Variables: is_DM dummy variable for divergent mood (default, the alternative is convergent mood),
is_P dummy variable for in-person (default, the alternative is online), Smile_contagion coefficient
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Fig. 2 Boxplot of fluency depending on the mood condition (left) and linear regression model fit for
fluency versus smile contagion for the mood condition (CM = convergent mood, DM = divergent
mood) (right)
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Preliminary Conclusions

The early-stage results show encouraging evidence that emotional contagion could
play an important role in creative fluency. This study showed that placing participants
in divergent moods seemed more likely to yield greater fluency, whereas convergent
dyads would produce fewer ideas. When controlling for smile contagion, however,
it seemed that greater smile contagion reduced overall fluency for divergent dyads.
This could be a sign that the participants have to expend more effort to overcome
their emotional divergence, which may take away their attention from the task at
hand—as they focus on re-establishing emotional stability within their team. These
results are promising, considering that our full dataset includes other measures of
creativity, including aspects such as originality, elaboration, etc. Moreover, including
other variables from the questionnaires will help understand the level of awareness
involved in these affective processes, as well as tangible experiences like perceived
performance, quality of teamwork, etc.

4 Analysis Plan and Expected Contributions

This work-in-progress focused on reporting descriptive statistics and simple tests,
allowing us to better understand the dataset and draw basic conclusions. However,
this study produced a rich and complex dataset that offers great potential for further
exploratory analysis. So far, the data highlighted important challenges that are unique
to the interactive nature of the experiment. Among others, signal synchronization
within dyads has made it difficult to calculate the co-occurrence of physiological
events due to the inconsistency in physiological “leadership’—that is, there is no
consistent trend as to which participant experiences physiological changes first.
However, smiling data proves to be a suitable testbed for the preparation and analysis
of dyadic psychophysiological data, because the signal shows low levels of noise and
can easily be validated through visual inspection of the video recordings.

Plan for the Complete Analysis

We plan to continue searching for the optimal way to derive a proxy for emotional
contagion in facial expression data, as well as including the rest of the sensor
data that was recorded during the experiment. Specifically, we will investigate a
variety of measures of emotional contagion, creativity, and quality of teamwork,
taking full advantage of the richness of the data we collected thanks to our multi-
modal, dyadic experimental design. Common measures of signal and physiological
synchrony include cross-correlation and Mutual Information. However, these tech-
niques both have a limited capacity to handle dynamic leadership, meaning that



180 M. Saigot et al.

while they would be reliable when it is always the same participant smiling first
(one leader and one follower), their derived variable become heavily biased when
leadership changes dynamically throughout the experimental session (participants
lead the smiling behavior interchangeably, with no consistent leader/follower).

We therefore plan to derive a variable based on smile overlap with a custom func-
tion. iMotions estimates a 50% likelihood to represent a moderately strong display
of facial response. Based on this, we propose to code smiling peaks in each signal
as a binary variable based on a threshold of 50 (>= 50 = 1; <50 = 0). Based on the
interpolated sample for our time series, we can then filter through both signals of each
dyad at an interval of 20 ms and multiply them element-wise to create a third signal
that represents smile overlaps (time units where the product of the signals is equal to
1, meaning that both participants have a smiling score of at least 50 for the current
time unit). Figure 3 exemplifies this process for a sample dyad randomly select in
our sample. The top graph shows the signals of both participants (orange and blue).
In green, we emphasize smiling peaks, which are defined as a smiling score above
the threshold of 50 for both participants. The bottom graph shows the binarization
of the signals and the creation of the third, overlapping signal. We can then calculate
the duration of each overlapping peak by multiplying consecutive values of 1 in the
third signal by our time unit of 20 ms. For each dyad, we thus obtain a count of
overlapping smiling peaks (>=50) and their duration, from which we can derive the
total duration of overlapping smiling behavior in seconds.

Smiling signals for a dyad with co-smiling overlay
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Fig. 3 Binarization of the signals and overlap detection
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Although promising, this proposed variable is complex and can be sensitive to
several factors. First, deriving a binary variable out of a continuous variable based
on arbitrarily-defined threshold results in considerable data loss. We will thus need
to carefully consider the analytical purpose of such a variable and whether 50% is a
suitable threshold. Second, this technique is quite insensitive to time delays as it only
accounts for synchronous peaks. This means that it could potentially overlook impor-
tant information about smile contagion lag. We plan to further refine this variable to
increase its accuracy, precision, and usability.

Expected Contributions

Despite the early stage of our analysis of the data, this study already shows encour-
aging signs of significant contributions. First, we show that placing dyads in divergent
moods before the task may improve their creative fluency, as long as smile conta-
gion is low. This finding is significant because as teams work remotely, they are more
likely to be in arange of affective states, whereas when they are co-located in a shared
office space, they are more likely to experience a narrower range of affective states. In
other words, teams could benefit from being geographically dispersed when working
on ideation tasks. If they wanted to capitalize on this advantage, they might achieve
even better results when prioritizing communication media that make it harder for
emotions to spread. Such media could be those types that were traditionally consid-
ered lean in the media richness and synchronicity literature—although more research
is needed to specifically investigate the affective nature of communication media.

Second, we propose an experimental design to study dyadic interaction in a labo-
ratory while using a naturalistic protocol. Using applications like Zoom and Google
Sheets is uncommon in laboratory experiments. While these tools presented some
limitations in terms of experimental control, we chose to prioritize ecological validity
by selecting tools that are already commonly used by teams in organizations. Our
research design and protocol contribute to expanding the applicability of laboratory
experiments in the fields of business and management.

Third, we suggest new directions for preparing and analyzing dyadic psychophys-
iological data. After we complete our analysis, we plan to make our data processing
pipeline publicly available. In doing so, we want to encourage other scholars to
pursue dyadic psychophysiological experiments involving physiological synchrony.
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