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ABSTRACT

From sport to science, a crucial dimension of social interactions is encoded in
teams, ’petri-dishes’ for social influence and factories of innovation. Despite re-
cent intensive efforts in characterizing human behavior from large-scale data,
understanding the social and demographic drivers of successful team interac-
tions is still a largely open and widely debated research area. What are the de-
terminants of successful collective problem solving, and how do the network of
social interactions evolve during creative tasks performance? This dissertation
provides a fresh perspective on the topic by investigating – for the first time in a
quantitative manner – the problem solving behavior of teams in escape rooms,
a new non-interventional and minimally biased social laboratory. Escape rooms
are entertainment facilities where a group of players has to collaborate intensely
under time pressure to fulfil the goal of the game and eventually exit the room.
Escape rooms are free from the typical deficiencies of traditional laboratory ex-
periments and field studies. They provide the same controlled environment for
all groups under observation, yet without interventions. Moreover, they allow
us to observe intact teams in a nuanced and meticulous manner, overcoming the
limitations of self-reported questionnaires and poorly time-resolved data. Ex-
ploiting this innovative setting, I extract from video records the real-time verbal
and nonverbal communication of 40 small problem-solving teams and integrate
such information with the sociodemographic characteristics of team players.
This unique fine grained data enables me both to enrich social scientific theory
and to contribute to the development of a more sophisticated picture of collabo-
rative team dynamics. First, I investigate the role of diversity in team success. I
use faultline theory that argues that diversity research should consider the com-
bined, cumulative effect of different diversity dimensions to better understand
its negative influence on team outcomes. I extend faultline theory by studying
the moderating effect of team familiarity and cross-subgroup communication
– the latter one is operationalized in an innovative way as real-time interac-
tions – in the diversity-performance relationship. The key finding indicates that
group faultline affects team success negatively when the faultline-induced sub-
groups do not communicate enough with each other. Next, I explore the evo-
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lution of teams’ social dynamics. I use tools from network science to provide
a time-resolved map of team interactions, extract key conversation rules from
motif analysis, and discuss turn-usurping gendered behavior, a phenomenon
that I find to be particularly strong in male dominated teams. Investigating
the temporal evolution of signed and group interactions I show that a mini-
mum level of tense communication might be beneficial for collective problem
solving, and I also reveal differences in the group behavior of successful and
failed teams. Taken together, this dissertation unveils the innovative potential
of escape rooms to study teams in their complexity, contributing to a deeper
understanding of the micro-dynamics of collaborative team processes.
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CHAPTER 1

INTRODUCTION

Social life naturally organizes into groups that satisfy the innate need of hu-
mans to connect to others [2], and facilitates coping with various problems,
especially those requiring collective action. Groups face with typically poorly
structured problems all over human history (such as environmental pollution or
food shortage), as they cannot purely act based on the expected costs and ben-
efits [3, 4] due to social dependencies between members. Group members may
have different views of the problem itself, on its solution, and on the desired
amount of individual contributions and benefits [4]. When groups transcend
the basics of these dilemmas by developing joint intentionality and focus of a
common goal [5], they behave as teams. Teams, when efficient, turn groups into
dynamic and complex problem solving systems. Thus, in our rapidly changing
and increasingly complex world, from sport [6] to science [7], teams appear
ubiquitous.

In science, the importance of teams is increasingly recognised, as collective
efforts are becoming more and more important for the production of knowl-
edge, not only in volume but also in impact and attention [8]. The predomi-
nance of team success has been attributed to the increasing need for specialized
knowledge from different domains recombined through interdisciplinary col-
laborations to solve modern day problems [9, 10, 11], highlighting the impor-
tance of team composition [12]. Past investigations about drivers of success in
teams have revealed a complex and multifaceted picture. Diverse [7] and fresh
teams [13] may help widen skills and perspectives, though potentially intro-
duce conflict and hinder an efficient communication [14]. Other known deter-
minants of team success include collaborations across multiple institutions [10],
inter-member familiarity [15] and prior shared successes of teams [16, 17]. Go-
ing beyond the simple dichotomy between solo and synergistic work, also size
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2 CHAPTER 1. INTRODUCTION

was found to be relevant, with larger teams developing science by focusing
on more recent trends, in contrast to smaller ones, tending instead to delve
deeper into past literature and often producing more innovative recombina-
tion of ideas [18]. Even in apparently non-collaborative performances, such as
those of elite athletes in individual disciplines such as tennis or martial arts, the
presence of organized, task-focused supportive team of people has become pre-
dominant and key for succeeding. All in all, teams serve as ’petri-dishes’ for
social influence and are often considered factories of innovation [19, 20].

Among the various theoretical roots of the network perspective (such as the
rational self paradigm [21] or the social exchange school [22]) applied to group
research, the communication network approach proved to be the most opti-
mal to account for the dynamic nature of team processes. From this perspec-
tive, a group as a network is built up from nodes indicating group members,
however, ties, as opposed to representing static or long-standing relationships
denote interpersonal interactions which are inherently dynamic and temporal.
Early research conducted specifically on small group networks to measure the
effect of various interaction patterns on group functioning and performance
primarily built on experimental design. These studies examined artificial, ran-
domly composed groups in laboratories where experimenters manipulated the
group’s communication patterns in numerous ways (e.g., who can send mes-
sages to whom) [23, 24, 25], and found that groups benefited from centralized
structures (hubs of communication) when the task to be implemented was sim-
ple, but it meant a disadvantage when performing complex tasks. More current
studies expanded the scope of the examination of the optimal network struc-
ture for group performance by moving from the laboratory to the field [26].
Field studies on intact (already existing) teams concluded that actively com-
municating groups outperform groups with fewer ties [27, 28]. However, in-
teraction data gained by self-reports in these cases appeared as a proxy of re-
lational strength [29, 2], rather than as ties covering real interactions between
team members.

This dissertation proposes a new, innovative setting for studying teams in
their complexity: escape rooms. Escape rooms are free from the typical weak-
nesses of traditional laboratory experiments and field studies. Similarly to ex-
periments, they provide the same controlled environment for all groups under
observation, yet minimizing the potential modification of participants’ behavior
as a response to being examined by researchers [30]. Another advantage is that
social interactions can be followed and recorded at a high-frequency, allowing
us to observe intact, non-manipulated teams in a nuanced, meticulous manner,
overcoming the limitations associated with temporally aggregated data [31, 32]
or self-reported questionnaires. Exploiting this innovative setting, we extracted
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3

from video records the real-time verbal and nonverbal communication of 40
small problem-solving teams. In addition, we obtained information about the
wider sociodemographic characteristics of team players, including gender, age
and education. Moreover, we gathered data on prior group relations such as
acquaintanceship, and meeting frequency, as well as on leadership. First, lever-
aging our unique data, we address a predominant question in the field of or-
ganization and team science, the impact of diversity on performance. Then,
we analyze teams’ high-resolution social dynamics, including collaborative net-
work evolution, conversation rules guiding communication, exchanges of emo-
tions and group interactions, exploring their influence on successful team per-
formance.

This thesis highlights the potential of escape rooms to investigate task-
performing teams in a minimally biased environment. Moreover, it contributes
to the increasingly rare studies of interacting groups that carry out actual ac-
tivity as opposed to merely thinking about something. In addition to these
advantages of this setting, escape rooms also present a cost-efficient research
environment for capturing high-frequency real-time social interactions, a rela-
tively sparse datatype due to the time-effort-and resource-intensive nature of
collecting such information. However, teams cannot be understood in their
complexity without studying social interactions, a core process that constitutes
this complexity. Thus, this dissertation presents an original way to advance the
new science of teams as complex systems.

We proceed with the thesis as follows:

• Chapter 2: Here we introduce escape rooms as non-interventional social
laboratories suitable for studying collaborative problem-solving behavior
at a high time resolution. We discuss the strengths of escape rooms over
laboratory experiments and field studies. We present our fine-grained
data and discuss the methodological considerations and the process of its
collection.

• Chapter 3: In this chapter we extend diversity faultline research by inves-
tigating the predictors and moderators of team success. In particular, we
investigate two moderators in the diversity-performance relationship that
have not been examined before this way: team familiarity and the commu-
nication between the faultline induced subgroups that we expect to mod-
ify the negative effect of faultline in team success. We test our hypotheses
by employing survival models, and demonstrate that team diversity can
only be understood in relation to team processes. In particular, we show
that teams with strong faultlines tend to fail when the faultline-induced
subgroups do not communicate enough with each other.
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4 CHAPTER 1. INTRODUCTION

• Chapter 4: In this chapter we present a data-driven, exploratory case
study where we truly utilize the high time resolution of our data to reveal
social behavior in escape rooms. The analysis portrays a nuanced pic-
ture capturing different dimensions of the social dynamics within teams
including – collaborative network evolution, conversation rules guiding
communication, macroscopic features of project teams, and patterns of
successful task performance. Among the various identified character-
istics of problem solving team dynamics, we reveal a phenomenon of
turn-usurping gendered behavior and find a peculiar emotional dynam-
ics where a minimum amount of tense communication seems to enhance
team success.

We conclude by linking and highlighting our main findings, and discussing
some of their potential interpretations. We also suggest future research direc-
tions, and present the preliminary results of an ongoing work where we zoom
into the data and investigate efficient problem solving at the level of the sub-
tasks rather than the level of teams.
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CHAPTER 2

ESCAPE ROOMS: AN INNOVATIVE
EXPERIMENTAL SETTING

2.1 Prelude

Recognizing that teams are complex systems, and aiming to understand them,
it is necessary to investigate the core processes that maintains that complexity.
Communication is a social means, which teams can exploit to meet effective
functioning and performance [33]. Thus, interactions is the very heart of any
team process. There are two predominant methods to investigate teams’ inter-
personal interactions: by laboratory experiments and field studies.

Laboratory experiments are characterized by artificially constructed re-
search settings, laboratories, where researchers examine research subjects. Re-
search subjects are explicitly recruited to participate in the given study, and
most often the potential range of their behavior is constrained and instructed by
the researchers (see studies of Group Networks Laboratory at MIT [23, 24, 25],
where researchers manipulated the patterns of group communication by defin-
ing allowed and prohibited communication channels between the members of
the team, and measured the effect of different communication patterns of group
functioning and performance). Due to the pronounced restraints on who can
interact with whom imposed by the experimenters, traditional laboratory re-
search could address a limited scope of research questions [34].
Besides, a typical critique of traditional experiments on group interactions is
that they are exclusively preoccupied with the communication networks of ad
hoc, zero-history groups [35]. Therefore, they lack the attention to the embed-
ding context of teams such as pre-existing relations between team members and
their sociodemographic characteristics. Consequently, these studies incline to
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CHAPTER 2. ESCAPE ROOMS: AN INNOVATIVE EXPERIMENTAL

SETTING

treat groups as universal, generic entities [35], as if all teams were the same
regardless of their characteristics.

The aforementioned weaknesses of traditional experiments might have con-
tributed to the shift of many small group and communication researchers’ in-
terest from the laboratory to the field in the mid 1970s [36]. In this era, network
research flourished in the field of sociology, and small group networks became
an independent research area [34].
Broader in their perspective, field studies do take group characteristics into ac-
count while investigating group interactions. However, most of these studies
either measure interaction process by retrospective questionnaires, and/or rely
on an input-output design, thus focus on the two endpoints of group activity.
Thereby they tend to overlook tremendous meaningful data on actual ongoing
processes and links that they originally meant to observe.
Retrospective questionnaires collect group members’ ratings or reports about
what happened in the team previously. As a consequence, information yielded
by retrospective questionnaires is necessarily coarse-grained data. Moreover,
and most importantly, it gives entirely subjective information that is likely to
include biases, such as highlighting the earliest or most salient interaction (e.g.,
interaction with a colleague) at the expense of all interactions [37, 38].
Furthermore, self-reports of team members are likely to be influenced by prior
group life, making it implausible to provide an objective summary on what hap-
pened on a certain group occasion. Consequently, in spite of its widespread ap-
plication, retrospective questionnaire is an inappropriate choice to collect fine-
grained interaction data. Similarly, the input-output research design, is inade-
quate in capturing the dynamic nature of group interactions, since it does not
intend to obtain data on actual interactions, but measures and manipulates the
input and output variables, while producing inferences about what is going on
in between [35].

At the same time, we cannot go by without mentioning the technologi-
cal development of the recent years, that has allowed us to track at unprece-
dented fine-grained scale face-to-face communication patterns in a variety of
different contexts from collective intelligence [39] to collaborative problem solv-
ing [40, 41, 42, 43]. Highlighting a few relevant, higher impact research, the
Copenhagen Networks Study overcame the difficulties of collecting high reso-
lution interaction data relying on smartphones by which Lehman et al. mea-
sured the networks of physical proximity, phone calls, and text messages and
contributed to our understanding on human behavior with a sophisticated
picture about social dynamics [41, 37]. Another promising endeavor acquir-
ing temporal interaction data was formed in the Human Dynamics Group at
MIT Media Lab. Pentland et al. developed wearable devices called Sociomet-
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2.2. A quasi-experimental setting 7

ric Badges with the aim to automatically quantify face-to-face social behavior
[44, 45, 46, 47], and found that communication patterns are strong predictors of
team performance [48]. These studies utilizing recent technological advances
mean great progress in data collection compared to more traditional ways of
investigating group dynamics and collaboration networks, such as laboratory
experiments or field studies using self-reported data. Yet, laboratory experi-
ments have the strength of observing groups in a controlled environment, and
thereby minimize the occurrence of confounding factors.

Here, I present an innovative research setting for collecting fine-grained data
on collaborative problem-solving teams. In particular, I introduce escape rooms
as non-interventional social laboratories that combine the advantages of both
laboratory experiments and field studies. At the same time, they are free from
the typical weaknesses of these research methods. In the following section, I
provide a detailed description of this research design, including the data collec-
tion and processing.

2.2 A quasi-experimental setting

Escape rooms are entertainment facilities that can be described as live-action
board games. There is a voluntary group of people wishing to play (e.g. col-
leagues for team building, families, friends, etc.) who book an appointment and
a room reflecting the atmospheric and cultural theme of the game (e.g. room
Godfather, Fig. 2.1). After a short briefing about the rules, they get locked into
this room. The goal is well-defined and understandable to every participant:
they have to exit the place within a one-hour time frame. In order to do so,
group members must collaborate by searching for clues, solving puzzles, open-
ing locks, deciphering codes, etc. None of these tasks require prior preparation,
any specific knowledge, skills, or capabilities. Nevertheless, the whole process
of the game demands a high level of cooperation due to the time pressure, the
unfamiliar nature of the environment, and the lack of any additional informa-
tion describing or specifying the tasks in the room. Thus, group members must
rely on each other, and thereby they behave as a team while members become
interdependent by sharing a collective goal.
Moreover, time pressure under these collaborative groups have to explore
and communicate in order to find a solution makes the research field circum-
stances analogous to the organizational settings of project teams performing
non-routine assignments. In fact, escape room participants can be considered
as actual project teams, as members are interdependent along a clearly-defined
focus of a collaboration-demanding, non-routine task [49].

From a sociological perspective, escape rooms are social laboratories, as all
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group processes take place in the same, above-detailed, controlled environment
for all participating groups. At the same time, escape rooms are free from the
typical weaknesses of laboratory experiments, as they are not artificially con-
structed mediums for conducting research. Moreover, the teams I study in es-
cape rooms are intact, non-manipulated groups that are not torn out of their
embedding social context, but ”real” teams with pre-existing social relations
observed in a noninterventional, yet controlled environment. Furthermore, un-
like conventional field studies, I gather fine-grained and objective data about
real-time collaborative interactions of these problem-solving teams in contrast
with collecting self-reports about what has happened in the team previously.

2.3 Data

2.3.1 Collection

Data collection in escape rooms happened by video recording the whole
problem-solving activity of collaborating groups. At the escape room company,
(Paniq rooms) I went to gather data, game activity can be constantly observed
through three cameras (recording the scenes from different angles), which orig-
inally serve to prevent inadequate acts (e.g.: destruction of objects in the heat
of the game). Besides the general GDPR contract of the escape room, I asked
the participants to sign an additional consent form (see Appendices 6.0.2),
in which they agreed that the video recording of their play will be analyzed
in this research. As video recordings are routinely acquired in these escape
rooms, and the purpose of the participants is to participate in the game, and
not to take part in the experiment, the condition of our access to the recorded
data is not likely to modify participants’ behavior. As a consequence, our data
collection minimizes the Hawthorne effect [30, 50] - another common weakness
of laboratory experiments - as it does not elicit the perception of being watched
and expected to behave in specific ways that favor researchers’ anticipation.
Therefore, the teams examined are intact and non-manipulated.
My research sample consists of 40 teams where all members are inexperienced:
first-timers or members who have had a maximum of one prior exposure to
a different escape room in the past. As mentioned above, none of the tasks
require any specific knowledge or capabilities. Therefore, all inexperienced
escape room players can be considered equally competent in problem-solving.
However, it is reasonable to envisage people familiar with escape room games
to have comparative advantage over first-timers. Therefore, excluding teams
with knowledgeable members in terms of escape rooms aimed to ensure the
homogeneity of the groups and their comparability.
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2.3. Data 9

Figure 2.1. A snapshot of problem solving in room Godfather.

In selecting the two rooms for our experiment, an important consideration was
that the gameplay should mimic a project in organizational environments as
much as possible. I opted for two rooms where the complexity and the non-
linear nature of the gameplay resemble team-based projects in organizations.
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I refer to the two rooms as Sherlock and Godfather reflecting the atmospheric
and cultural themes of the games. The tasks are nonlinear as there is a hierarchy
of subtasks that eventually lead to the final solution of escape. The essence of
nonlinearity in this sense is the fact that team members can work on different
tasks in parallel, but occasionally have to combine solutions to move forward.
The escape rooms Sherlock and Godfather are accessible for 2-6 people, how-
ever, they were originally designed for groups of 4-5 members. For this reason,
I limited my investigation to teams with this intermediate size to avoid exces-
sive variation in the data and the potentially spurious effects of team size in my
analysis. The examined 40 teams are composed of 171 Hungarian participants
with an average team size of 4.275.

As mentioned before, the teams are intact and non-manipulated. The game
is suited to participants from the age of 12, however, such young players might
lack associative capabilities and explorative skills compared to older ones.
Young children are also likely to form a team with and overly rely upon their
parents, which entails specific intra-group relations that are outside the scope of
my study. Hence, my research sample covers groups with members who are at
least high school students and assumed to be self-sufficient in problem-solving.
Besides the video records, I designed a questionnaire for making inquiries on
the social context the studied teams are embedded in (see in Appendices 6.0.3).
Particularly, I collected data about the social-demographic characteristics and
the prior social structure of the groups. In the former category, I asked partici-
pants about their age, gender, and highest level of education, while in the latter
one, I was interested in how long team members have known each other and
how frequently they meet. In addition, team members were asked to name the
leader of their team, if any. The survey was filled out prior to problem-solving.

2.3.2 Processing

Once I obtained the videos on the project teams’ problem-solving activity, I had
to extract the interaction data. I registered all interpersonal interactions that
occurred during task performance into an edgelist (Fig. 2.2) from which I con-
structed the network of collaborative communication. In particular, I recorded
the following parameters of problem-solving interactions: the sender/source
and the receiver/target of the interactions; the second-based start and end of
the interactions; and the emotional charge of the interactions. Interpersonal in-
teractions in my data cover both verbal and non-verbal (e.g. nodding to answer
a question) communication of team members.

The emotional charge of interactions refers to how the given interpersonal
action relates to the previous action. I categorized the emotional charge of
the interactions to the extent whether they are positive, negative (together
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2.3. Data 11

Figure 2.2. Example of an edgelist extracted from video records and its network coun-
terpart.

referred to as signed) or neutral. Neutral interactions are directed to the
problem-solving activity itself, and they are not loaded emotionally. Thus,
regardless whether it expresses agreement or disagreement, communication is
neutral until it is task-related. As soon as it becomes emotional, for example,
the sender of the communication tie raises their voice, it becomes signed,
negative in this case.
Signed interactions are those either related to social relationships or although
task-directed, they are also emotionally loaded. For example, praising and
the encouragement of one another are considered positive interactions as they
are directed to social relations, and they are assumed to be constructive to
these relations, thus influencing team spirit positively. On the other hand,
negative edges are those that influence team spirit adversely such as creating
tension, provocation or disparagement. Moreover, if a task-related remark is
emotionally loaded, for example the interaction is directed to the task, but
the sender of the communication tie is yelling, it is identified as a negative
tie. This classification aims to mimic the well-established distinction between
task-related and relationship-related social behavior [51][52][53].
In sum, neutral interactions cover emotionally indifferent, task-focused
communication; while signed interactions are those influencing team spirit
positively/negatively, as they are constructive/disruptive to social relations in
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the context of a collaboration-demanding, pressed environment.
Another type of categorization - although not a separate parameter, - covers

the distinction between dyadic communication ties and those addressed to
more than one receiver, that is, group interactions. As video records are coded
into an edgelist, group interactions are present in as many rows as many team
members the communication was addressed to. In these rows, however, the
start time, end time and the sender of the communication tie is identical.
Unfortunately, the above-detailed data can only be extracted manually. There-
fore, I recruited and trained transcriber assistants for the transcription of the
video records. In the transcribers’ recruitment process, all candidates received
the same five-minute trial video to code, along with a ten-page guide (see
Appendices 6.0.4). In this guide, I described all details about how to extract the
needed parameters properly. The trial video was crucial for two reasons: First,
I gained information about the applicant’s sense of precision and accuracy; and
I could measure the inter-coder reliability by comparing the transcriptions of
different candidates. The Krippendorff alpha test [54, 55] yielded acceptable
values; they ranged from 0.67 (for emotional charge) to 0.78 (for sender). Sec-
ond, the trial video was part of the selection process that enabled me to employ
the most committed candidates. In the later stages of video transcription, I
randomly checked the work of the transcribers, comparing the transcripts they
made with the video recordings. Moreover, I meet them regularly to actively
supervise their work and provide them with further training.

In the following, I present how I used this unique data to advance our under-
standing of the phenomena of human interactions and collaborative problem-
solving. In particular, first, I investigate the role of team familiarity and cross-
subgroup communication in the faultline diversity-team success relationship.
Next, I explore how social interactions evolve during task performance, and
how they relate to different team characteristics and success.
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CHAPTER 3

FAULTLINE DIVERSITY, FAMILIARITY
AND COMMUNICATION

3.1 Prelude

Most organizations fundamentally rely on teams [56, 57, 58, 15]. Teamwork al-
lows groups to exceed individual task-solving capabilities, potentially increas-
ing effectiveness and productivity. Diversity is considered a key characteristic
of teams in organizations [12, 59], as it is a factor that can be easily manip-
ulated to compose efficient teams, or to evaluate the fit of prospective team
members [60]. As such, diversity is a central theme in organization research.

Research on the effects of diversity on team outcomes has yielded inconsis-
tent findings. Surpassing the either-or outcome approach, where diversity has
either a positive (e.g. [61, 62]) or a negative (e.g. [63, 59]) influence on team per-
formance, more recently the focus has been shifted to more sophisticated mod-
els aiming to identify conditions under which diversity can be associated with
certain outcomes [64]. A promising endeavor is marked by the faultline the-
ory1, which argues that instead of investigating the extent of group-level homo-
geneity of different individual attributes, diversity research should consider the
joint, cumulative effect of different dimensions of diversity to better understand
its negative influence on team outcomes [65]. Another notable development in
this theme is the shift from linking certain types of diversities to specific team
outcomes to identify moderators in the diversity-performance relationship [66].
While group faultlines have been investigated thoroughly in relation to vari-
ous outcomes from team satisfaction [67] through creativity [68] to conflict and

1Hypothetical dividing lines that split the team into subgroups based on the alignment of
different diversity dimensions, such as age, ethnicity, etc. [64]
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trust [69], only a few studies have integrated faultlines theory with the investi-
gation of moderators in the faultline-outcome relationship [70, 71, 72, 73]. Thus,
it is still an understudied and yet fastly evolving area of diversity research [64].

In this chapter, we join and extend faultline research in the following ways.
First, addressing the question of under which conditions diversity has a nega-
tive effect, and how faultline strength can be moderated on team performance,
we test the moderating roles of two variables: the level of team familiarity
and the ratio of cross-subgroup communication. Team familiarity has been
found to have a direct positive impact on performance [74, 75, 76], however,
its moderating effect in the diversity-performance relationship could only be
detected in some cases depending on the nature of the observed diversity and
task changes [77]. Here, we investigate the moderating role of team familiarity
specifically, in the relationship of faultlines and performance. To quantify team
familiarity, we measure the strength of intra-group relationships by looking at
the duration of pre-existing social ties [78, 79, 80]. The concept of team familiar-
ity contains the notions of trust, shared understanding, the knowledge of where
expertise lies in the team, cohesion, and the sense of unity (e.g., [72, 81]. Thus,
and in line with past research [74, 75, 76] we expect familiarity to have a sub-
stantial effect on performance, and to counteract the negative impact of faultline
strength on team success.
The effect of communication has been investigated in relation to group fault-
lines [71, 82], and, as noted above, the moderating effect of faultlines has also
been analyzed in some depth (e.g., [70, 73]. At the same time, cross-subgroup
communication as a potential moderator in the diversity-performance relation-
ship has not been explored. In this chapter, we address this matter. We expect
cross-subgroup communication, as a proxy for the level of team-wide collab-
oration, to have a positive influence on team success. Moreover, we assume
that the negative influence of faultline strength can be mitigated by interac-
tions that cross the boundaries of those faultlines. In addition, in the faultline-
performance relationship, we operationalize communication, for the first time
to the best of our knowledge, as real-time interactions during the problem
solving activity of small teams, as opposed to past research that almost ex-
clusively rely on retrospective self-reported data. We employ survival models
(also known as event-history models) that allows us to explicitly account for
the time-varying nature of collaborative interactions during problem solving.

Our second contribution is connected to the collection of the data on real-
time interpersonal interactions. In this regard, we introduce escape rooms as
non-interventional social laboratories. Using this quasi-experimental setting,
we collect data on the problem-solving activity of 40 project teams. As opposed
to traditional laboratory experiments (e.g., [83, 26, 38]) that typically deal with
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3.2. Theoretical foundation 15

ad hoc, zero-history groups, these teams are intact, non-manipulated groups
that are not torn out of their embedded social context. By analyzing real-time,
collaborative interactions in escape rooms, we also overcome a shortcoming of
most of the field studies that rely on self-reported data. Information on what
happened in the team previously collected by retrospective questionnaires is
likely to include biases such as highlighting the most salient event (e.g., inter-
action with a colleague) at the expense of all interactions [26, 38]. With our
unique research design, we also aim to contribute to the increasingly rare stud-
ies of interacting groups that perform a practical task as opposed to just think-
ing about something. In addition to the above-mentioned advantages of this
setting, escape rooms also present a cost-efficient research environment for cap-
turing high-frequency real-time social interactions, a relatively sparse datatype
due to the time-, effort-, and resource-intensive nature of collecting such infor-
mation. Exploiting this more objective and novel source of data on real-time
group interactions also allows us to disentangle the structure of intra-group re-
lationships (the level of team familiarity in this case) from those of real-time
communication ties – two distinct concepts that are often used interchange-
ably under the notion of social interactions [29, 2, 28]. Intra-group relationships
are static and long-standing constructs tying members to one another [84], as
opposed to actual interactions that are more dynamic and adaptive structures
presenting a social means for effective task performance [33]. In a theoretical
sense, we adopt both the categorization-elaboration model (CEM, [66]) and the
network perspective to understand group processes through which diversity
influences performance negatively.
We believe that both team familiarity and cross-subgroup interactions are cru-
cial to understand teams as complex systems, as both variables account for core
processes constituting complexity that makes teams more than simply the col-
lection of individuals. However, these relations have clear differences in their
very nature that we also aim to consider in this work.

Finally, our work answers to the calls for constructing and using more be-
havioral theory when studying operations [85, 86], and to pay attention to struc-
tural configurations of team processes (e.g.: subgrouping) [87].

3.2 Theoretical foundation

3.2.1 Diversity

Current trends in organizations show a diminishing level of verticality: institu-
tions are flattening, and the decision-making processes are becoming less uni-
directional. These developments have been fueling work systemized in team-
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based structures, and more specifically, the rise of project teams [88, 89]. Agility
and flexibility are increasingly valued characteristics of organizations in gen-
eral, which strive to keep up with their rapidly changing environments, and,
in the case of firms, in particular, to meet the varying demands of the market.
Project teams are the group-level manifestations of organizational agility and
thus, institutions rely more and more on them. The term ’project team’ refers
to ’an organized, task-focused group’ [84] (pp.352.), while it also denotes the
non-routine and unpredictable nature of the task to be accomplished by the
team [90]. In addition to organizations’ growing reliance on teamwork, demo-
graphic changes and growing specialization in the workforce coupled with the
increasing mobility of employees between workplaces [91] make organizations
more and more heterogeneous [12, 92]. Thus, team diversity is a recurrent factor
in organizational life and performance.

Team diversity refers to the extent to which team members differ from one
another [12]. Studies on team diversity typically focus on heterogeneity in gen-
der, age, tenure, functional background, and ethnicity [93, 94, 95]. One of the
central questions of team researchers is how team diversity as a compositional
factor influences performance [96]. Scientific literature provides conflicting an-
swers on this matter. One stream of research rooted in social psychology con-
siders diversity detrimental to performance [63], as it involves an automatic
classification of people into categories by which the notion of ”we” and ”they”
evolves immediately [97]. Thereby, the social categorization process ”provides
a cognitive foundation for intergroup conflict.” [84] pp.422. The pervasiveness
of intergroup bias is best demonstrated by the research of Henri Tajfel et al. [98]
on what they called a minimal (inter)group situation. They found that even
in ad hoc groups without prior group history, members, who have not known
each other, expressed partiality toward members of their group based on su-
perficial similarities. Adopting this perspective, several studies claimed that
social categorization can be disruptive to the team’s cohesion by negatively in-
fluencing intra-group relationships, which can cause process loss and misman-
agement [99, 100, 101, 66].
In contrast to this mechanism, the information processing/cognitive resource
theory born in the field of management sees diversity as beneficial to team per-
formance. This perspective considers diversity as an informational resource,
based on the assumption that differences between people entail differences in
knowledge, experiences, skills, etc. Thus, a greater amount of team diversity
may be associated with a greater variety of cognitive resources members can
bring to the team. Heterogeneous membership of teams is assumed to promote
creativity and innovation by utilizing the profusion of aspects. Rich and di-
verse inputs of team members also hypothesized to improve performance by
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eliminating the trap of groupthink [102]. Consistent with this approach, diver-
sity studies reported about the advantageous nature of heterogeneity on team
performance [103, 61, 104]. As plenty of evidence supports both outcomes of
diversity [66], research has been inconclusive in identifying unique and direct
negative and positive effects of different diversity dimensions on performance
(e.g. [94, 105].

3.2.2 Faultlines and subgroup formation

In the quest to establish coherence in diversity research, a stream of studies
turned to investigate the joint effects of multiple types of diversity on team
outcomes [64, 106]. In contrast to the traditional approach focusing on single
attributes (such as gender or age), this stream of research examines faultlines,
that is, ”hypothetical dividing lines that may split a group into subgroups based
on one or more attributes” [65] pp.328). Therefore, faultline research operates
with the cumulative effects of attributes on team outcomes. The theoretical un-
derpinnings of group faultlines lay in the social categorization theory, which
claims a strong homophilic tendency of individuals. Individuals’ alignment
with similar others based on demographic traits can result in subgroup forma-
tion that disrupts information exchange and performance 3.1.
Further explaining the mechanisms of diversity faultlines, the categorization-
elaboration model (CEM) [97] draws attention to the notion of comparative fit.
Comparative fit refers to the extent to which the categorization of differences
manifests in high intra-subgroup similarity coupled with high inter-subgroup
dissimilarity. For example, when younger members of the team also tend to be
women, we can say that these positions on the age and gender dimensions of
diversity are correlated. The more these correlations are, the higher the compar-
ative fit of categorization in these dimensions (age, gender – younger women,
older men), and the more likely that it will induce strong faultlines that divide
the team into subgroups. In other words, the presence of a strong faultline in
the team accounts for subgroups that are induced along different dimensions
of diversity, in a way that members of these subgroups are highly similar to
each other while highly different from members of the other subgroups. Strong
faultlines explained by CEM were found to disrupt group processes and hinder
success (e.g. [107, 108, 95, 109].

More recently, the focus has been also shifted to detecting moderators of the
diversity-performance relationship to understand under which conditions di-
versity implies certain outcomes [66]. To this end, although framing differently,
both CEM and the network perspective [28, 60, 87] suggest that influence of
diversity can be understood via the examination of team processes. CEM lays
emphasis on understanding the process of social categorization (associated with
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Figure 3.1. Visual presentation of faultline strength. As we can see, Team 1 and
Team 2 have a similar level of diversity considering diversity dimensions of age, gender
and ethnicity separately. However, when observing these dimensions in a cumulative
manner, Team 2 has a significantly higher 0.81 faultline strength. The subgroup for-
mation provides an intuitive understanding on what this value expresses. It is con-
spicuous that the hypothetical dividing lines splitting Team 2 into subgroups results in
undoubtedly more homogeneous subgroups than in the case of Team 1. Thus, the more
homogeneous intra-subgroups and more heterogeneous inter-subgroups are, the higher
the faultline strength is. Therefore, it is assumed that Team 2 is more likely to experience
process losses and erratic communication patterns than Team 1.

the negative effect of diversity) in order to both prevent the negative effects and
provide the preconditions for the positive impact of diversity [97]. On the other
hand, the network perspective claims that different forms of social capital (op-
erationalized as ties of social interactions) regulate the strength of association
between team diversity and productivity [28]. The common, underlying con-
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cept of these theoretical streams is that those seeing diversity as detrimental to
performance expect this relation because diversity can erode groups’ social co-
hesion and induce coordination problems, process losses, and insufficient infor-
mation exchanged via the process of social categorization. Instead, the informa-
tion processing perspective draws attention to the positive influences of diverse
knowledge and ideas within groups. Still, members’ diverse cognitive resources
present a potential rather than a promise for successful problem-solving as long
as the group-level synthesis of individual assets is overlooked. Our research has
been informed by these perspectives, which we adopt and rely on. We build on
the comprehensive model of CEM that is well-supported by empirical evidence
(e.g. [107, 108, 110], and integrate it with the faultline approach. Although we
recognize the added value of faultline theory over that of diversity, we follow
the recommendation of Bezrukova et al. [111, 112] and Lau and Murnighan [71]
to include diversity effects into the analysis with the aim to isolate the unique
effects of faultlines connected to a specific member alignment.

3.2.3 Team familiarity and the strength of intra-group bonds

Faultlines induced by the alignment of team members’ demographic traits in-
crease the likelihood of subgroup dynamics, and thus, threatens social integra-
tion [65]. In other words, teams with strong faultlines are more exposed to
the process of social categorization. However, the perceived importance of dis-
similarities can be mitigated by the time group members spend together [113].
Indeed, team-building adventure is a popular method by which organizations
aim to create a sense of unity in their teams. Factors that promote familiarity
such as proximity or (deep-level) similarity are often discovered through shared
experiences and tasks to be solved, which enhances strong relationships among
team members and thereby makes the team more cohesive [84].
The unity that these practices aim to create accounts for the added value of
teams that makes them adaptive and efficient task-performing systems surpass-
ing individual capabilities. This advantage of teams, specifically that teams
are more than merely the collection of their members’ traits and capabilities
is rooted in their complexity [35]. Therefore, we believe that to understand
teams in their complexity, it is imperative that we investigate their structure –
the system of intra-group relations that outlines the quality of groupness. In this
respect, and considering teams as organized systems of relationships, we focus
on the strength of bonds connecting members to and in the group. Based on
prior research, we assess the strength of relationships by the length of acquain-
tanceship between members. The duration of relationships is one of the most
reliable indicators and an essential dimension of relational strength [78, 79, 80].
Long-term relationships indicate a great amount of knowledge about each other
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that implies predictability and thereby, trust between members [114, 115, 116].
Team familiarity that is prior interpersonal knowledge about other mem-
bers [117, 15] can reduce intra-group biases by changing members’ perception
of group boundaries, and thereby help members to perceive themselves as part
of a unit with a shared identity [118]. Thus, team familiarity enhances cohe-
sion by decreasing the perceived importance of intra-group faultlines [72]. In
addition, Huckman and Staats (2010) found that team familiarity facilitates the
management of the differences in prior experience of group members. Combin-
ing these findings, we assume, that in teams having a strong faultline and thus,
a presumably more pronounced process of social categorization, the elabora-
tion of information is less smooth compared to teams with weaker faultlines.
However, the knowledge familiarity presents can foster the team’s collective
processing of individual task-related ideas. Therefore, we consider team famil-
iarity a mechanism that may well improve coordination and thereby, enhance
team performance.

Regarding familiarity’s main effect on performance, a body of research [74,
75, 76] observed that team familiarity also has a positive observed that team fa-
miliarity has a positive impact on team success, as it provides members with
knowledge of who knows what that helps them to locate expertise and op-
erate in a common context. The existence of this knowledge and shared un-
derstanding is particularly important in project teams that face an innovative,
complex, and non-routine task as the lack of predictability of the task makes
members highly interdependent and thereby resort to team familiarity [75]. In
other words, strong relationships hereby defined as long-lasting social ties make
members less dependent on their own knowledge and decrease uncertainties
induced by social dilemmas and interdependencies. Team familiarity promotes
a shared understanding of the work, facilitates the avoidance of interpersonal
risks, and provides members with collective responsibility for the task. It also
implies a basic psychological safety in which members may incline to voice even
their half-finished thoughts as they do not risk their reputation or being judged
negatively [119]. Navigating ambiguous and creative tasks, it is essential for
project teams to feel safe enough to take risks and communicate honestly.

Based on the above reasoning, we assume that a strong web of (long-term
acquaintanceship) relations accounting for a high level of team familiarity pos-
itively influences problem-solving. We also expect that mutually accustomed
members perceive subgroup boundaries as less important as they had time
to work through their initial differences potentially induced by the process of
social categorization. The level of team familiarity implies a shared under-
standing, trust, and the feeling of unity, and thus, it is assumed to moderate the
potentially negative impact of faultlines on task performance. We formulate
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3.2. Theoretical foundation 21

our related hypotheses in the following way:

H1a: Familiarity has a positive impact on team success.

H1b: Familiarity moderates the negative effect of faultline strength and diversity
on team success.

3.2.4 The role of team-wide interactions

As outlined by CEM, subgroup formation induced by differences endangers
team processes by disrupting information exchange and integration. Thus,
strong faultlines, that is, when attributes of members are correlated (e.g., the
subgroup of women also tend to be young and highly educated) have a negative
effect on the quality of collaboration, while, without engendered subgroup for-
mation, information sharing is assumed to be smooth and effective, and thereby
supporting performance [66, 95].
Information sharing is at the heart of the collaborative problem-solving pro-
cesses. Indeed, Earley and Mosakowski [120] found that team communication
reflecting the extent of information elaboration mediates the relationship be-
tween diversity and performance. Faultline researchers have also begun in-
vestigating moderators of the faultline-performance relationship. According to
Thacher and Patel (2012) [64], only a few moderators such as superordinate
identity or faultline distance have been investigated to a certain extent [72]).
Although communication has been addressed in relation to faultlines and group
learning [71, 82], it has not been examined as a real process moderator in the
faultline-performance relationship. Instead, the moderating role of faultline
strengths has been brought to the fore and showed to have a negative impact in
some aspects of the communication and performance nexus [71, 82].

Here, we contribute to the evolving understanding of what intensifies or at-
tenuates the relationship between faultlines and outcomes by focusing on the
role of actual communication.
The direct role of communication in team performance has been extensively ex-
amined by researchers following a functional and network perspective to study
small groups [121]. From a network perspective, a group can be considered as a
network, where ties are interactions between members. Field studies concluded
that actively communicating groups outperform groups with fewer ties [27, 28].
The exchange and integration of information is a particularly critical process to
performance in the case of project teams dealing with non-routine tasks de-
manding close collaboration (e.g. [122, 123]. Due to the increased interdepen-
dence and the collaboration-demanding nature of the task, group members are
compelled to engage in intense information exchange and discussion [118]. Un-
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der these circumstances, and sharing a common goal, even members who are
reluctant to cooperate due to perceived intra-group differences become inclined
to interact to achieve success [124, 125, 126, 95]. Consequently, research sug-
gests that intense communication might be enough to overcome difficulties re-
lated to the alignment of team members’ demographic attributes (such as con-
flicts, coordination problems, the lack of shared identity, etc.) by attenuating
the effect of diversity on team success. Applying these finding to the faultline-
performance nexus invoking CEM, we believe, that problem solving commu-
nication presents, strictly speaking, one of the most salient group processes
through which diversity can affect team outcomes. Actual communication is
the very social means team members can exploit to elaborate ideas and inte-
grate fragmented knowledge of individual members.
At the same time, much research on collective action assumes that all team
members communicate simultaneously with each other. However, even in the
case of strategizing tasks when people sit around a table and discuss a strategy,
this is often not true. Team members are typically linked to specific others via
network ties [81]. Moreover, the pace and distribution of these interactions are
often highly asymmetric across time of task performance and group members.
Addressing the inherently structural nature of teamwork is supported by the
network approach and not without precedent. For example, LePine [127, 128]
investigated the adaptation of role structure to task-focused interactions as a
response to unforeseen changes making habitual interactions problematic. Sim-
ilarly, other research studied communication patterns and roles in decision-
making processes to understand structural adaptation (e.g. [129, 130]. Res-
onating to the notion of the structure of communication, the social categoriza-
tion and social identity approach claims that group members prefer to interact
with similar others. In strong faultline groups where members can be split into
highly homogenous subgroups, team members will favor to communicate with
members of their own subgroup, “us”, instead of “them”, the subgroup includ-
ing members perceived as different. In this case, the elaboration of information
does not manifest on the level of the team. In other words, the team as a unit
fails to exploit the potential in its complexity, and as such, it cannot function
efficiently. Thus, similarly to Lau and Murnighan [71], we focus on communi-
cation between the faultline-induced subgroups. At the same time, instead of
focusing on faultlines as moderators, we analyze the moderating role of cross-
subgroup interactions in the faultline-performance relationship. We believe that
complexity is the strength of teams making them more than the collection of
individuals, and this complexity is encoded in team processes, such as commu-
nication. When teams manage to transcend subgroup boundaries and thereby
induce an active, team-wide communication, we expect this process to mitigate
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the negative faultline effect on performance.
Most empirical studies attempting to integrate communication with the

notions of diversity and performance, obtain communication data from
self-reports, where participants are asked to evaluate their group’s actions,
interactions, and outcomes [71]. This data is likely to contain biases high-
lighting the most salient or recent event at the expense of all events (e.g.,
communication with a colleague) [131]. Furthermore, interactions in this sense
are the proxy of relational strength [29, 29, 28], rather than ties covering real
interactions between team members – two types of relations we address in this
work while considering the differences in their very nature (e.g.: temporality
and dynamics). Consistent with Carton and Cummings’s [132] and Crawford
and LePine’s [87] calls for researchers to consider the structure of taskwork, we
explicitly take into account the structure of collaborative interactions assessing
whether they occur within or between the faultline induced subgroups. More-
over, in our work we do not rely on retrospective questionnaire data of team
members memory and necessarily biased perceptions but analyze real-time
communication to understand the collaborative dynamics of team activity.
Based on the above-mentioned research detailing the importance of commu-
nication both as a predictor and moderator, we expect that communication
may counteract the potential negative effect of faultlines on performance
when collaborative interactions tend to transcend subgroup boundaries.
Otherwise, the team-wide information exchange and group-level integration
of task-related knowledge do not occur, and faultlines affect performance
negatively via social categorization. Therefore, the non-routine nature and
high collaboration demand of the task might be not properly met, and thus,
both faultlines and within-subgroup communication can directly express their
negative effect on performance. Besides regulating the strength of association
between faultlines and performance, we expect a high level of cross-subgroup
communication to have a beneficial impact on team success. We summarize
our related hypotheses as follows:

H2a: Cross-subgroup communication has a positive impact on team success.

H2b: Cross-subgroup communication moderates the negative effect of faultline
strength and diversity on team success.

3.3 Concepts and Measures

Team success. The very essence of any teamwork is to cooperatively implement
a task. Therefore, we were interested in measuring successful problem-solving.
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We operationalized success as follows: teams that did not manage to escape
within an hour were considered failed groups, while those who did escape
within the available time frame were labeled as successful teams.

Diversity. Although we recognize and build on the added value of fault-
line theory over that of diversity, we follow the recommendation of Bezrukova
et al. [111, 112] and Lau and Murnighan [71] to include diversity effects into
the analysis (as separate control variables) to isolate and compare the unique
effects of faultlines with the traditional diversity measures. Concerning team
diversity, we primarily focused on the most frequently used social-category
differences such as age, gender and the highest level of education of team
members. For the nominal predictor, gender, notation one accounted for men,
while two for women. We measured the highest level of education on a one to
four ordinal level scale, where one denoted elementary, while four indicated
higher education (college/university degree). As both of these variables are
categorical levels, parallel with other diversity research [59, 95], we used
Blau’s [133] index to capture diversity (as variety) in gender and education
background. The continuous variable age was measured by years, and its
diversity measure was operationalized by the standard deviation [59, 95].

Faultline. Among the several methods to calculate faultline strength, we
opted for the average silhouette width (ASW) relying on a cluster-analytic
process [134]. ASW measures the same construct as the most widely used
faultline measure, Fau [64]. Additionally, ASW allows to determine more than
two subgroups. According to Meyer and Glenz [134], ASW is the average of
team members’ individual silhouette width, representing how well a group
member i fits into cluster A compared to cluster B. Individual silhouette width
is expressed by the following formula

s(i) =
bi − ai

max(ai, bi)
(3.1)

where ai is the average dissimilarity of i to all members of cluster A,
bi is the average dissimilarity of i and all members of cluster B.
Dissimilarities are measured by the Euclidean distance between individuals.

Based on a comprehensive empirical comparison by Meyer and Glenz [134],
and Meyer et al. [135], this is the most robust method for detecting faultlines.
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We calculated ASW across the three most frequently considered dimensions of
diversity, that is, age, gender, and education.

The level of team familiarity - group structure. Team familiarity as a struc-
tural factor is requisite for a favorable team environment and is hypothesized
(H1) to moderate the effect of faultline strength and diversity on team success.
To assess the level of group familiarity, we decided to examine the strength
of pre-existing social ties [101], and in particular, the length of acquaintance-
ship [78, 79, 80]. We used the questionnaire to gather this relational and
structural data by asking each member how long (s)he has known each team
member measured in years. The answers outlined the strength of intra-group
relationships. The level of familiarity was measured by the mean of the years
team members have known each other. Teams, having a low average value of
the length of acquaintanceship possess a lower level of group familiarity, while
a high level of familiarity is present in groups with high values of the average
length of acquaintanceship.

Interpersonal interactions - the ratio of cross-subgroup communication. We also
incorporated teams’ real-time communication. As we have mentioned, each
real-time communication was coded from the video records. Here, we focus
on the interpersonal interactions among the subgroups potentially created
by the faultline. Therefore, first, we calculated the cumulative sum of all
communication for each minute of the game. Then we determined the number
of communication ties that occurred between actors of different subgroups
defined by the faultlines. Then, we calculated the ratio of cross-subgroup
communication, that is the division of the cumulative sum of cross-subgroup
interactions by all communication ties for each minute. This measure shows
how (relatively) frequently group members break the faultlines in their com-
munication, by jumping through the homogeneous boundaries.

Type of the escape room. As our data come from two escape rooms, we also
included the variable of the room identifier into the analysis to make sure
that the results are not contingent upon which room the teams performed the
task. The identifiers of rooms Sherlock and Godfather were zero and one,
respectively.

Table 3.1 provides descriptive statistics about the dependent variable suc-
cess, the predictors, and the control variable. Our data is not perfectly balanced
in the sense that we have more failed groups than successful ones, and the
majority of the teams played in the room Sherlock. Successful teams needed 57
minutes on average with small variations to escape either of the rooms. We can
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also see that the average Blau index of gender within a team is 0.37 on average,
which suggests that teams in our sample are rather diverse. The average age
of the participants in our sample is 31 years old, and the average standard
deviation of age in a team is 4.5 years.

mean std min max

time of task performance (min) 57.7 3.884 47 60
success 0.35 0.483 0.0 1.0
room 0.35 0.483 0.0 1.0
gender (Blau’s index) 0.366 0.189 0.0 0.5
age (avg) 30.903 8.743 18 50.5
age (std) 4.465 4.036 0.0 16.19
education (Blau’s index) 0.315 0.246 0.0 0.64
ASW 0.508 0.235 0.0 0.966
acquaintanceship (avg) 7.059 6.905 0.38 35.08
ratio of cross- subgroup interactions 0.589 0.161 0.0 0.866

Table 3.1. Descriptive statistics (team-level)

The average Blau index of the highest level of education within teams is simi-
lar to that of gender, namely 0.315. This value suggests rather diverse teams in
terms of education background. On average, team members have known each
other well (approximately 7 years), however, the variation of average acquain-
tanceship across teams is relatively high (6.9). The ASW values in our sample
range from zero to one, where zero means no hypothetical dividing lines, while
one represents strong faultlines [106]. The average ratio of cross-subgroup com-
munication is 0.59, showing that on average around 60% of all collaborative
communication occurs between the faultline-induced subgroup, with a varia-
tion of 0.16. Both ASW values and the ratio of cross-subgroup interactions are
normally distributed.

3.4 Survival models

We applied multivariate models in the analysis. We employed discrete-time
survival (also called event-history) models [136] with both time-fixed and time-
varying variables, to investigate the direct and moderating effects of team fa-
miliarity and cross-subgroup communication. We used a time-team level data
structure, where a team is present in the dataset in as many rows as many min-
utes they spent with problem-solving. The binary variable, success has the
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value of zero in each minute the group performed the game, and one in the
minute the group succeeded by leaving the room. Time-fixed variables, like
diversity measures, are constant in each minute of the same group, while time-
varying variables, like the cumulative ratio of cross-subgroup interaction, are
changing over time within the group. By employing survival models, we could
incorporate the dimension of time into our investigation, by taking into account
the time-varying nature of the process-related variables.
In the first model group (Model 1,2,3,4) we gradually included predictors into
the analysis to investigate their direct effect on team success. Model 1 is the
baseline model, which shows how much the probability of exiting the room
is raised by the addition of one minute for task accomplishment without con-
sidering any team-related variables. Model 2 additionally includes the time-
fixed, compositional predictors, namely diversity and faultline measures, and
the control variable of the room. In Model 3, we extend Model 2 with the re-
lational variable of familiarity, and in Model 4 with the process-and-structure-
related predictor of the ratio of cross-subgroup interactions to test H1a and H2a.
Then, to Model4 we add interaction terms to examine the interplay of familiar-
ity and cross-subgroup communication with diversity and faultline measures.
We tested the potential moderation role of familiarity and cross-subgroup com-
munication on the effect of diversity and faultline measures on success (H1b,
H2b) by these models.

First, we created the baseline model (Model 1) to examine the relationship
between the minute-based problem-solving time and success. Then, in Model
2 we included faultline strength and diversity measures. The latter also serve
as controls for the faultline. We also added the type of escape room as a control
variable. Model 3 contains the relational predictor (familiarity) too, while the
most comprehensive model, Model 4, involves the ratio of cross-subgroup com-
munication as well. We summarized the results in Table 3.2. All four models
are significant at a 0.001 significance level. With the increasing complexity of
the models, from Model 1 to Model 4, their predictive power, according to the
Tjur R2, also increases within the range of 0.021-0.096.
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Predictors Model 1 Model 2 Model 3 Model 4
Log-Odds Log-Odds Log-Odds Log-Odds

(Intercept) −12.46∗∗∗ −8.72∗ −9.78∗∗ −9.77∗∗

(2.21) (3.59) (3.58) (3.59)
time (min) 0.16∗∗∗ 0.21∗∗∗ 0.23∗∗∗ 0.23∗∗∗

(0.04) (0.05) (0.05) (0.05)
average age -0.10 0.02 0.02

(0.07) (0.08) (0.08)
age diversity 0.01 -0.33 -0.33

(0.14) (0.22) (0.22)
education diversity −4.68∗∗ −4.40∗∗ −4.35∗

(1.75) (1.63) (1.89)
gender diversity -2.70 −4.52∗ −4.48∗

(1.56) (1.85) (2.02)
faultline strength -2.41 -3.20 -3.17

(1.66) (1.87) (1.99)
room 0.39 0.10 0.11

(0.62) (0.63) (0.67)
average acquaintanceship −0.26∗ −0.27∗

(0.11) (0.11)
ratio of cross-subgroup -0.14
interactions (2.77)

Observations 2308 2308 2308 2308
R2 Tjur 0.021 0.081 0.096 0.096

∗p < 0.05 ∗∗p < 0.01 ∗∗∗p < 0.001

Table 3.2. Discrete-time survival models on exiting the room (success).

As the baseline model suggests, providing more time for task accomplish-
ment raises the probability of success. The effect of time on exiting the room
increases when we include compositional variables (Model 2), and increases
further when incorporating the relational and communication characteristics of
the teams (Model 3 and Model 4). In Model 2, we tested the impact of different
dimensions of diversity and faultline strength on success. Keeping all the other
predictors constant, Model 2 only showed a significant (and negative) effect in
the case of education diversity on team performance.

In Model 3, we included the average acquaintanceship, our measure for
group familiarity. Surprisingly, the level of team familiarity has a negative im-
pact on success. Moreover, the average length of acquaintanceship has a sup-
pression effect, as its inclusion into the model induces the predictive power of
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gender diversity. Thus, in those groups where the level of team familiarity is
the same, teams with lower gender and education diversity are more prone to
succeed. Similarly, in teams with the same level of gender and education diver-
sity, the less familiar ones tend to be efficient problem-solvers. Therefore, we
reject H1a, as Model 3 suggests that familiarity does not have a positive, but a
negative effect on team success.

In Model 4, we tested the direct effect of cross-subgroup interactions on team
success (H2a), which turned out to be non-significant. As Model 4 is identical to
Model 3 in terms of the signs and significance of the coefficients, and as the di-
rect effect of cross-subgroup interaction was not significant, we also reject H2a,
so the minute-based cumulative ratio of cross-subgroup communication does
not have a direct influence on exiting the room. In sum, faultline strength is not
detected as a significant predictor of team success. However, gender and edu-
cation diversity as well as the level of team familiarity proved to have a mean-
ingful, negative influence on team performance. In order to understand this
intriguing and somewhat unexpected message and testing the potential mod-
eration effects of both relational and communication features on diversity and
faultline measures (H1b, H2b), we added the interactions of these features to
the last, most complex survival model.

First, we explored if the interactions between team familiarity and team
composition variables (faultline and diversity indicators) have significant ef-
fects on success, and so whether familiarity modifies the impacts of diversity
and faultline strength on success (H1b). The results are summarized in Table
A1 (in Appendices 6). We have not found any significant interaction between
familiarity and diversity or faultline measures. We found that the negative ef-
fect of gender and education diversity on performance is present regardless of
how long team members have known each other on average. Moreover, age
diversity and faultline strength are still irrelevant to success in teams both with
high and low average familiarity. Therefore, in none of these models does the
level of familiarity leverage the effect of diversity or faultline strength on suc-
cess. As a consequence, our expectation on the moderation effect of familiarity
in the relationship of diversity or faultline with success (H1b) is not confirmed.

We built three other models with interaction terms between diversity and
faultline strength, and cross-subgroup communication, to test whether commu-
nication that bridges faultline-created subgroups has a moderating role in the
relationship of diversity and faultline with success. We summarized the results
in Table 3.3.C
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Predictors Model 5 Model 6 Model 7 Model 8
Log-Odds Log-Odds Log-Odds Log-Odds

(Intercept) −13.98∗∗∗ −10.03∗∗ −9.71∗∗ -5.84
(4.12) (3.72) (3.63) (4.19)

time (min) 0.27∗∗∗ 0.23∗∗∗ 0.23∗∗∗ 0.27∗∗∗

(0.06) (0.06) (0.05) (0.07)
average age 0.06 0.02 0.02 −0.01

(0.08) (0.08) (0.08) (0.10)
age diversity 0.37 −0.33 −0.34 −0.36

(0.25) (0.23) (0.23) (0.25)
education diversity −5.12∗ 4.61∗ −2.14 −4.09∗

(2.14) (2.17) (6.22) (1.96)
gender diversity −4.69∗ −3.03 −4.82∗ −6.44∗∗

(1.98) (6.11) (2.30) (2.44)
faultline strength −3.67 −3.42 −3.67 −10.77∗

(2.03) (2.22) (2.54) (4.66)
room −0.40 0.07 0.05 0.17

(0.71) (0.69) (0.69) (0.67)
average acquaintanceship −0.26∗ −0.26∗ −0.27∗ −0.42∗∗

(0.11) (0.12) (0.11) (0.14)
ratio of cross-subgroup 4.97 0.88 0.84 −6.35
interactions (3.69) (4.98) (3.96) (4.34)

ratio of cross-subgroup −1.69∗∗

interactions*age diversity (0.63)

ratio of cross-subgroup −2.82
interactions*education diversity (11.38)

ratio of cross-subgroup −4.22
interactions*gender diversity (11.59)

ratio of cross-subgroup 13.04∗

interactions*faultline strength (6.54)
Observations 2308 2308 2308 2308
R2 Tjur 0.114 0.097 0.096 0.122

∗p < 0.05 ∗∗p < 0.01 ∗∗∗p < 0.001

Table 3.3. Discrete-time survival models on exiting the room - models with interac-
tions.
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As can be seen in Table 3.3, the interactions of cross subgroup commu-
nication with education and gender diversity are not significant (Model 5
to Model 8). However, we detected significant interaction between cross-
subgroup communication and age diversity, as well as cross-subgroup commu-
nication and faultline strength. Model 5 contains the interaction term between
cross-subgroup communication and age diversity, suggesting a cross-over effect
between these predictors on success. Indeed, none of the two predictors has a
significant direct impact on success, unlike the interaction of the two which,
to our surprise, is found to be negative. To reveal where this negative effect
lies, we portrayed the average marginal effects on success for each combina-
tion of low/high age diversity with low/high cross-subgroup communication
(Figure 3.2). The negative effect of age diversity is much stronger in homoge-
neous teams where members tend to initiate a small amount of communication
across subgroups, compared to age-homogeneous teams with a high ratio of
cross-subgroup communication. Similarly, although with smaller differences in
the effect sizes, teams with high age diversity tend to perform better when they
communicate within subgroups.

Figure 3.2. Interaction plot on success by cross-subgroup interactions and age diver-
sity.

According to the interaction term, the negative effect of age diversity on success
can be minimized in different ways: either if team members are close to each
other in age (low age diversity) and communicate a lot across subgroups; or if
the team is diverse in terms of age, and members communicate within rather
than across subgroups.
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Model 8, which includes the interaction of cross subgroup communication
and faultline strength, also shows a significant interrelation but of different
signs (Figure 3.3). In teams with weak diversity faultline, low cross subgroup
communication is a better strategy to succeed than communicating a lot across
subgroups. The differences are more pronounced when we observe teams with
strong faultlines. In these groups, the negative effect of faultlines can be at-
tenuated by a high ratio of communication across these faultline-induced sub-
groups.

Figure 3.3. Interaction plot on success by cross-subgroup interactions and faultline
strength.

The worst-case scenario for performance is when these teams with strongly cor-
related dimensions of diversity do not communicate enough across subgroups.
In other words, faultline strength worsens the chances for project teams to suc-
ceed when the subgroups induced by the faultline do not communicate on an
above-average frequency with each other. It also implies that when teams man-
age to elaborate ideas and integrate knowledge on the group level by crossing
subgroup boundaries with communication, it can counterbalance the negative
faultline effect. Thus, we found support for H2b, as the analysis confirmed that
intense communication across the subgroups do moderate the negative effect
of diversity on team success. Indeed, we identified cross-subgroup commu-
nication as a specifying factor in the relationship of faultline strength and age
with performance and detected the circumstances under which the negative
effects occur, and those situations where they do not. Taken together, the per-
formed survival analyses shed light on several relationships between various
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predictors and team success. Education diversity proves to have a negative in-
fluence on performance. Whereas, gender diversity shows the same kind of im-
pact, only when the length of acquaintanceship is taken into account. Although
cross-subgroup communication does not have a direct effect on success, it has a
notable role in moderating other predictors’ effects. Teams with low age diver-
sity do better with more cross-subgroup communication. Most importantly, we
found that the destructive effect of faultlines can be revealed only in the light
of communication structure: diversity faultline is disruptive to success when
the faultline-induced subgroups do not communicate on an above-average fre-
quency, while in teams that do, the effect of faultlines is much weaker – close to
being insignificant.

3.5 Discussion

This chapter joins and contributes to faultline research by investigating the di-
rect and moderating effects of team familiarity and cross-subgroup communi-
cation in the diversity faultline-success relationship.

Building on the strength – but overcoming disadvantages – of both labora-
tory experiments and field studies, we introduce escape rooms as minimally
biased social laboratories, free from the typical weaknesses of conventional ex-
periments. Exploiting this innovative setting, we collected fine-grained data on
the real-time communications of team members. In parallel, we explored the
wider social embedding of individuals by questionnaire data that informed us
about teams’ composition and social structure.

Relying on the CEM and network perspective, we argued that a strong web
of relationships might help to offset the importance of perceived intragroup bi-
ases induced by subgroup formation. We measured relational strength by the
length of acquaintanceship to determine the level of team familiarity. In line
with previous studies, we first hypothesized that team familiarity positively in-
fluences success (H1a), and it moderates the impact of faultline strength (H1b).
Contrary to our expectations, survival model analyses indicated a negative in-
fluence of familiarity on performance. Moreover, the models revealed the sup-
pression effect of familiarity, as its inclusion into the analysis activated the neg-
ative effect of gender diversity on team success.

A potential explanation for failing to confirm the familiarity-related hy-
potheses (H1a, b) lies in the operationalization of the concept. In this work,
we considered prior interpersonal knowledge about other members [117, 15]
as a proxy for team familiarity. This variable captures a general form of famil-
iarity that cannot distinguish between different dimensions of it, such as prior
work experience with the same crew [137, 138], or prior work experience with
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the same teammates in similar prior tasks [139, 140, 74]. However, our analy-
sis demonstrated a significant, but negative effect. Considering the non-routine
nature of the task to be performed under time pressure in a dynamic environ-
ment, members must adapt to the varying demands of the task rapidly. In these
circumstances, familiar team members may become stuck in routinized patterns
of communication that is rooted in the strength of relationship. This may hin-
der them to efficiently align their collaborative behavior with the dynamically
changing demands of the task [141, 142, 143]. Katz and Allen [144] showed
such negative effect in an industrial setting, at teams who have worked to-
gether for a longer time. Similarly, familiar teams in our data have known each
other for years, presuming well-established communication channels based on
strong relationships. Moreover, the type of these relationships, (e.g.: friendship
or coworkership) may also influence the direction of familiarity’s effect on per-
formance, as Harrison et al. [15] hypothesized an effect that is more likely to be
negative in case of friends. Further research should address these dimensions
of teams’ social relations to clarify the effect of member familiarity on team suc-
cess.

In line with the social categorization perspective, we detected negative influ-
ences of different dimensions of diversity. However, faultline strength proved
to be insignificant in terms of performance. Nevertheless, incorporating into the
analysis our process-related predictor, namely the ratio of cross-subgroup inter-
actions, provided us with some new and intriguing insight. First, we identified
a cross-over effect of our last composition factor, age, and the cross-subgroup
interactions. The model suggested that age diversity can negatively affect suc-
cess in two ways: either when age-homogeneous groups have a high amount of
cross-subgroup communication or when age-heterogeneous teams tend to ini-
tiate within subgroup interactions. More importantly, we found support for the
attenuating power of cross-subgroup communication in the faultline-outcome
relationship (H2b). While the main effect of cross-subgroup communication re-
mained insignificant, similarly to the previous interaction term, we detected a
cross-over interaction between faultline strength and cross-subgroup commu-
nication. A high communication ratio across the faultline-induced subgroups
attenuates the negative influence of strong diversity faultlines. However, when
teams with solid faultlines do not surpass these dividing lines via problem-
solving interactions, they tend to fail. Therefore, faultline strength can neg-
atively affect team outcomes when it obstructs team level communication so
that collaborative interactions typically occur within the faultline-induced sub-
groups. Naturally, when teams are characterized by non-existing or weak fault-
lines, a low amount of cross-subgroup communication is expedient. Yet, in the
presence of strong subgroup formation, communication across these groups no-
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tably increases the likelihood of success. In short, the effect of diversity faultline
and cross-subgroup communication on success can only be understood in rela-
tion to each other. We show that cross-subgroup communication moderates the
relationship between team faultlines and performance. In particular, we spec-
ify the condition under which group faultline affects team success negatively:
when the faultline-induced subgroups do not communicate with each other on
an above-average frequency.

Taken together, to understand collective outcomes in complex systems, in-
cluding success in teams, we need to investigate those processes that consti-
tute the system’s complexity instead of merely studying the characteristics of
its elements. Although we found that cross-subgroup communication does not
predict success itself, we demonstrated that it is a critical variable in those com-
plex interdependencies that influence performance. Our finding on the speci-
fying role of communication is consistent with prior research that reported on
communication as a moderating factor in the gender diversity-performance re-
lationship [120]. Moreover, to the best of our knowledge, the current study
is the first that operationalizes communication as real-time interactions during
problem solving providing a truly process variable, and it examines it in the
faultline-performance relationship. Furthermore, we accounted for the struc-
ture and time-varying nature of these communication ties recognizing that com-
munication is not a static and homogeneous phenomenon, but it is often dis-
tributed across time and team members in an asymmetric manner.

Knowing when communication is more or less critical for teams can be vital
information for organizations that regularly rely on teamwork to enable them
to maximize performance. Considering team composition, a factor that can be
easily manipulated by managers, a possible implication of faultline theory is to
prevent the formation of these dividing lines. This could be achieved by com-
posing rather homogeneous groups based on one or two diversity dimensions,
for instance, on gender or ethnicity – an undesirable goal that would deepen
social inequalities especially regarding the access to job opportunities for mi-
nority groups. Furthermore, this may distort the supply-demand relations of
the job market by regulating who should be selected for certain positions where
applicants’ qualifications and competence would be less decisive. Therefore, in-
stead of preventing faultline formation, a more realistic and desirable way is to
understand the mechanisms by which faultlines can influence team outcomes
and manage them. From this perspective, our result showing that team-wide,
real-time communication mitigates faultline effect is an important insight. This
finding suggests that managers should facilitate communication between the
faultline-induced subgroups as much as possible to ensure efficient team func-
tioning for tasks that require the synthetized knowledge of the whole team as a
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single unit. At the same time, strong faultline-groups with low cross-subgroup
communication might be assigned to tasks that can be easily divided and later
integrated into their final forms by leaders or coordinators. Both strong- and
weak-faultline groups are present in real life, and can function efficiently, if we
understand their core mechanisms and know how to build on the strength of
these teams.

Our novel research design utilizing escape rooms could also provide far-
reaching potential for practical applications. Although, in this work, we were
interested in teams as adaptive task performing systems, this environment
could be used for evaluating individual social behavior as well, similarly to
assessment centers. As opposed to psychological tests that can be easily manip-
ulated, escape rooms considered as non-interventional social laboratories can
portray a prospective team member’s wide range of characteristics including
their socioemotional dynamics, participation level, behavioral answers to time
pressure, attitudes toward other members, etc. Therefore, escape rooms could
be employed already during the selection process, and not only for team build-
ings. Although there is a great variety of tasks in assessment centers, escape
rooms can present a treasure chest of information on social behavior during a
typically longer duration, in a more controlled but less stressful environment of
a selection process compared to assessment centers.

Nevertheless, regarding the present work, we are cautious on a generaliz-
ability of our results. A clear limitation of our data is its small, but not unprece-
dentedly small sample size. This is related to the time-effort-and resource con-
suming collection of real-time interaction data despite the advantages of escape
rooms over laboratory experiments in this regard as well. In addition, the em-
ployed survival models consider the temporal nature of communication, and
as a byproduct of this method, we observed time-group level data including
much more data points than what we had on the team level ignoring commu-
nication dynamics. Although, the performed statistical analysis accounts for
sample size, and thus, it does not discount the validity of our findings based
on significant relationships, we should be careful with rejecting unsupported
hypothesis. Last, but not least, although teams in escape rooms meet the def-
inition of project teams in terms of the non-routine nature of the task, we are
aware that in many cases, project teams are composed of members whose skills
complement each other. However, in contrast to the previous future directions,
this matter could only be addressed by significant intervention in the research
setting, as one would have to recruit members and design the experiment rig-
orously, which could lessen the advantages of the present data collection such
as its non-interventional nature and the minimized Hawthorne effect.
In addition to the indisputably desirable bigger sample, future research could

C
E

U
eT

D
C

ol
le

ct
io

n



3.5. Discussion 37

also provide a more sophisticated picture on the information components of
communication, whether communication is directed to the task or social rela-
tionships, for example. Moreover, several control variables could be incorpo-
rated into future research such as controlling for potentially varying levels of
task motivation and extraversion of team members – two individual-level char-
acteristics that might influence the amount of cross-subgroup communication.
Items measuring these individual aspects could be included in the question-
naire on socio-demographic traits.

In short, our work contributes to faultline research by investigating team
familiarity and communication between faultline-induced subgroups as pre-
dictors and moderators of team success. In line with the theoretical under-
pinnings of CEM and the network perspective, examining team processes is
crucial to capture the diversity-performance relationship in its richness. Based
on this idea and by relying on the innovative quasi-experimental setting of es-
cape rooms, we incorporated real process variables into our analysis. We found
that real-time communication (during non-routine problem-solving) across the
faultline-induced subgroups plays a crucial role to understand when diversity
can affect success in collaborative problem-solving. We hope that our work en-
courages more research analyzing teams in their complexity.
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CHAPTER 4

THE ANATOMY OF SOCIAL DYNAMICS
IN ESCAPE ROOMS: TEMPORAL,
SIGNED AND GROUP INTERACTIONS

4.1 Prelude

From the viral spread of rumours to the emergence of large-scale cooperation,
human societies produce social dynamics and collective endeavours often hard
to understand, characterize and predict. At the heart of this phenomenon is
the innate need and ability of humans to collaborate and connect to others [2].
Social interactions are indeed key to understand information exchange [78] and
social contagion [145, 146, 147, 148]. In recent years, advances in technologies
have allowed us to track at unprecedented fine-grained scale face-to-face com-
munication patterns in a variety of different contexts [45, 149, 47, 46, 41, 44, 37],
drawing attention to the importance of high-frequency time-resolved social pro-
cesses [48] to understand collective intelligence [39] and collaborative problem
solving [40, 41, 42, 43]. In the last decades, network science has proved to be
a powerful and flexible framework to understand the complex relational struc-
ture of human dynamics [150, 151], from structural balance theory [152, 153] to
the detection of emergent mesoscale structures such as communities [154] and
cores [155], associated with the coordinated behavior of multiple individuals in
human societies.

This chapter portrays a nuanced and meticulous picture about the social dy-
namics of problem-solving teams in escape rooms. Exploiting the innovative
setting of escape rooms and the collected fine-grained data, we analyze teams’
high-resolution social dynamics, including collaborative network evolution and
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conversation rules guiding communication, and exchanges of emotions and
group interactions, linking them to successful team performance. Besides, we
integrate such information by exploring the wider sociodemographic charac-
teristics of team players, including gender, age and education, and their prior
acquaintanceship, and meeting frequency. This chapter highlights the poten-
tial of escape rooms to investigate task-performing teams in a minimally biased
environment, contributing to advance the new science of teams.

Figure 4.1. The complex and diverse dimensions of social interactions in es-
cape rooms. Interactions are represented as temporal networks, which capture skeletal
structure of communication between team members. Each interaction is directed, can
be emotionally neutral or charged (either positively or negatively), addressed to a par-
ticular person (pairwise) or to a wider group.
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As detailed in Chapter 2, for each team (composed of 4 or 5 individuals, for
a total of 171 players, all from Hungary) we extracted high-resolution temporal
interactions from video records. Again, we deemed teams that managed to es-
cape within one hour ’successful’, while teams unable to do so were labeled as
’failed’ groups. As a brief reminder, teams in escape rooms, must explore and
exploit information, possibly through collaborations, by searching for clues, de-
ciphering codes or opening locks. For each team, we also recorded the sociode-
mographic characteristics of each player such as age, gender and education,
and relational data among team members such as prior acquaintanceship and
meeting frequency by a questionnaire filled individually right before the game.
Moreover, using this questionnaire, we asked participants to appoint the leader
of their group if there is any.

Our data can be mapped as a temporal network, where interactions among
individuals occur at specific points in time [156]. In Fig. 4.1 we present a
schematic picture of collaborative social activities in escape rooms and its net-
work representation at five different temporal snapshots. We record both verbal
and non-verbal (e.g. showing something) interaction ties between team mem-
bers, between one sender and one receiver (pairwise interaction) or more than
one receiver (group interaction). Interactions are directed, and assigned either
a neutral, positive or negative sign (see Methods). In the following, we provide
a data-driven characterization of different dimensions of the social dynamics
taking place in escape rooms.

4.2 General features of collaborative groups

Conversations in escape rooms are fast-paced, with teams having on average 30
interactions per minute among members, each one typically lasting 3 seconds.

We find that older and more educated players speak for longer stretches at
a time (Figs. 4.2A,B). The strength of a relationship between individuals has
a significant role in determining the intensity of their collaborative pairwise
interactions during problem-solving. In particular, prior member familiarity
promotes communication, and the more time two players have known each
other, the higher their rate of communications (Fig. 4.3A). Moreover, people
who meet frequently (more than once in a month) interact approximately 1.6
times more during problem-solving than those with lower meeting frequency
(Fig. 4.3B)
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Figure 4.2. Interactions and demographics. Individual demographics of team mem-
bers determine their interaction patterns. Older (A) and more educated (B) members
tend to initiate longer interactions.

Figure 4.3. Interactions and group relations. Relational characteristics of members
determine their interaction patterns. Both the length of prior acquaintanceship (A) and
meeting frequency (B) are associated with an increased number of interactions during
problem-solving.C
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4.3. The microscopic architecture of team interactions 43

4.3 The microscopic architecture of team interac-
tions

Conversations involve participants taking turns to speak, punctuated by
stretches of silence. Changes in these turns among the participants are governed
by rules, ensuring a basic level of order and intelligibility. To understand which
rules govern collaborative communication in escape rooms, we use the Partic-
ipation shift profile (P-shifts) framework developed by Gibson [1]. P-shifts are
behaviourally meaningful and easily interpretable inventory of network motifs,
small subgroup patterns that carry information about the underlying mecha-
nisms of social interactions.

Figure 4.4. Inventory of Participation Shift Profiles. We identify ordered com-
munication sequences in escape rooms by Gibson’s Participation Shift Profile frame-
work [1]. P-shift motifs started with a directed remark (pairwise) can be clubbed up
into 3 categories denoting the way by which the second speaker get they turn.

We count the frequency of all possible P-shifts associated with pairwise in-
teractions, capturing the rules of conversation a team adopts. P-shifts can be cat-
egorized into three types – turn-receiving, turn-continuing and turn-usurping
– for interpretation purposes (Fig. 4.4), on which we elaborate in the follow-
ing. By comparing them with what found in a suitable null model, we de-
termine whether the motif frequencies of the empirical data are significantly
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different from those observed by random chance in systems which preserve the
same number of interactions, but where temporal correlations are washed away
(Fig. 4.5).

The most frequent P-shift is AB-BA, a turn-receiving shift, where the sec-
ond speaker B receives the entitlement to speak from the first speaker A. For
this reason, the AB-BA motif is often referred to as the “current-select” rule,
and usually covers questions, commands, requests or accusation-denial type
of action-reaction pairs. The over-representation of this motif suggests a high
demand for practical actions and task implementation under time pressure in
escape rooms.

Figure 4.5. Conversation rules in escape rooms. The prototypical turn-receiving P-
shift AB-BA (which refers to an immediate reciprocation by B is overrepresented at the
expense of AB-BY, while pairwise turn-continuing motifs such as AB-AY and AB-A0
are underrepresented in escape rooms.

Another turn-receiving motif, AB-BY, was instead significantly underrep-
resented in our data. AB-BY refers to those situations when an unaddressed
recipient is turned into a target in the next speaking turn. This interaction chain
is rare, in contrast to AB-BA, indicating that escape room players tend to have
repeated exchanges as pairs, possibly associated with the presence of subgroups
within teams.

Turn continuing motifs (such as AB-A0 and AB-AY) where the same speaker
shifts from one target to another, either a group or a third person, are also found
to be statistically underrepresented. As Gibson predicted based on his case
study [1], “holders of formal authority had a penchant for turn-continuing”.
Here, we show that his statement originally developed in the context of man-
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Figure 4.6. P-shifts and gender. Men and women participate differently in team
conversations. Women are more likely to usurp the turn (A) as opposed to men. This
is probably connected to the observation that women tend to receive less opportunity to
speak (B). Thus, they have to seize the floor to express their opinion.

agerial teams with diverse goals, it also holds true for problem-solving project
teams. Although the presence of these P-shifts is the rarest, we found that, the
pre-established leader - a team member who has been nominated by at least
50% of the team as a leader - inclines to emerge in turn-continuing motifs (Fig.
4.5/C). Moreover, the higher level of authorization (number of nominations)
they receive from team members, the stronger they tendency is to turn continue
(rs = 0.41, pval = 0.043) and the weaker the inclination is to speak after they
received the turn as B in motif AB-BA (rs = −0.38, pval = 0.058).

Interestingly, a few roles tend to be associated with particular socio-
demographic characteristics, such as age, education and gender, highlighting
– in Gibson’s words – a role differentiation [1]. This can be easily quantified by
computing the Spearman’s rank correlation rs and the Kolmogorov-Smirnov
2-sample test statistic D between a specific P-shifts motif and such features.
We find that older people are more inclined to address the group regardless
whether they receive the turn (as B in AB-B0, rs = 0.17, pval = 0.025), or usurp
the turn (as X in AB-X0, rs = 0.2, pval = 0.025). Players with the lowest level of
education (elementary school) are more inclined to assume turn-usurper roles
(both as X in AB-XA, rs = −0.2, pval = 0.007, and in AB-XB, rs = −0.16,
pval = 0.037), though they are less likely to turn-usurp by addressing the group
(AB-X0, rs = 0.16, pval = 0.031).

We also observe correlations between gender and given roles in escape
rooms. We find that women typically turn usurp (as X in AB-X0/AB-XA/AB-
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XB/AB-XY, D = 0.23, pval = 0.02, Fig. 4.6) at the expense of receiving the turn to
speak (as B in AB-BA/AB-B0/AB-BY, D = 0.23, pval = 0.019, Fig. 4.6). This shows
that women are rarely given the opportunity to speak after being addressed,
and that they have to rather seize the floor in order to express their opinion.
Indeed, these associations are even more pronounced (D = 0.61, pval = 0.039
and D = 0.78, pval = 0.003, respectively) when we reduced our analysis to male
dominated teams only, where there is a single woman in the team. We also
observe that the lack of turn receiving opportunities lead women in male dom-
inated groups to communicate much less than their teammates (as measured
by their fraction of outgoing communication ties, D = 0.611, pval = 0.04), a
finding which is neither present in balanced groups nor in women dominated
groups. This suggests that the social environment can impose constraints on
women communication and relationship behavior in task-focused groups, com-
plementing previous observations [157].

4.4 Signed interactions

Our experiment also gave us access to information about the emotional load
of each interactions, classified as neutral, positive or negative. Praising, en-
couragement, and more in general every relationship-oriented behavior that
has a positive effect on team spirit was classified as a positive tie. Negative
edges were considered those that influence team spirit adversely such as creat-
ing tension, provocation or disparagement. The wide majority of the recorded
task-related exchanges were classified as neutral. However, if a task-related re-
mark is emotionally loaded (e.g. somebody is yelling), a non-neutral sign is
assigned to the communication tie (negative). This classification aims to mimic
the well-established distinction between task-related and relationship-related
social behavior [51, 52, 53].

We find that both older (Fig. 4.7) and more educated players tend to have a
smaller amount of emotionally loaded interactions (rs = −0.27, pval = 0.0003
and rs = −0.18, pval = 0.021, respectively). By looking at their signs, we observe
that the fraction of negative ties are the ones that account for the previous, nega-
tive correlations (rs = −0.3, pval = 0.00007 and rs = −0.23, pval = 0.003, for age
and education level, respectively), while these two socio-demograhic features
are not associated with higher chances of initiating positive interactions. These
associations suggest that older and more highly educated team members are
less likely to engage in social behavior that has a negative effect on team spirit.

Although there is a similar amount of emotional interactions in both success-
ful and failed teams, Fig. 4.8 suggests that these emotional interactions are not
equally distributed. Successful teams are more balanced in terms of emotional
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Figure 4.7. Signed interactions and age. Older players initiate less signed commu-
nication than younger members, suggesting a greater focus on task performance.

Figure 4.8. Emotional balance and team success. While the total amount of emo-
tionally charged interactions is similar in successful and failed teams, successful groups
are more emotionally balanced across their individuals than the failed ones. This is
quantified by the standard deviations of signed interactions across team members.

C
E

U
eT

D
C

ol
le

ct
io

n



48
CHAPTER 4. THE ANATOMY OF SOCIAL DYNAMICS IN ESCAPE

ROOMS: TEMPORAL, SIGNED AND GROUP INTERACTIONS

charge (D = 0.40, pval = 0.078). In other words, members of successful teams
tend to initiate a similar amount of emotional interactions with one another,
while in failed groups an emotional polarization emerges, where only one or
two actors display a higher number of emotionally loaded behavior. An inves-
tigation of how emotional ties evolve across time during the task performance
reveals different temporal patterns for successful and failed teams (Fig. 4.9A,
5-minute rolling window applied). During the initial stages of the game, failed
teams show a higher rate of emotionally loaded interactions. However, over
time the rate of non-neutral interactions becomes higher for successful teams.

Figure 4.9. Emotional dynamics and team success. Failed teams are characterized
by a greater frequency of positive interactions in the initial stage of the game, which
however rapidly declines over time (A). This trend is largely due to the high initial fre-
quency of positive ties (B), possibly suggesting a lower amount of task focus. Surpris-
ingly, successful teams show a slightly higher rate of negative interactions, suggesting
that a minimum level of tense communication might be beneficial for collective problem
solving.

We can gain more insights on these patterns by decomposing signed inter-
actions into positive and negative ties (Fig. 4.9B, 5-minute rolling window ap-
plied). Surprisingly, the initially greater amount of emotionally loaded interac-
tions in failed teams is due to a high rate of positive interactions (13%, doubling
the amount of successful teams), which however rapidly declines within the
first 15 minutes. This unexpected feature might reflect a lower focus (e.g. mak-
ing jokes, laughing), which will eventually reveal crucial for the outcome of the
game. As the game progresses, we find a greater frequency of positive interac-
tions for successful teams, reaching 14% after 40 minutes, when many crucial
tasks have already been completed. The dynamics of negative interactions is
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less rich. Negative ties are less frequent than positive ones for both successful
and failed teams, and show no significant temporal patterns, with the excep-
tion of the rapid decline in negative interactions for successful teams towards
the very end of the game. The slightly greater rate of negative ties in successful
teams compared to failed ones (6% and 4% respectively) suggests that a min-
imum level of tense communication might be beneficial for task performance
in collective problem solving. As some successful teams start leaving the room
around the 47 minute mark, only the remaining successful teams contribute to
the curves shown in Fig. 4.9A,B.

4.5 Group interactions

Beyond pairwise communication, we also investigate group interactions [158],
where more than a single recipient is addressed. Group interactions constitute
≈ 20% of all the interactions, and are typically 0.77 shorter than one-to-one in-
teractions. We find that older (Fig. 4.10A) and more educated (Fig. 4.10B) peo-
ple have a higher frequency of group interactions (rs = 0.23, pval = 0.003, and
rs = 0.2, pval = 0.009, respectively), suggesting an unequal level of confidence
and authority in the teams.

Figure 4.10. Group interactions and demographics. Older (A) and more educated
(B) players display a higher frequency of group interactions, suggesting an unequal
level of confidence and authority in the teams.

Observing the temporal dynamics (in 5-minute rolling windows, Fig. 4.11),
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teams tend to start the game with a high amount of group interactions. This
pattern is associated with teams ‘warming up’, familiarizing themselves with
the environment, and discussing together a strategy. Such a number falls
abruptly after the first 5 minutes, reflecting division of work and individual
focus. Such temporal group dynamics also display differences between suc-
cessful and failed teams. Failed teams show a greater amount of group inter-
actions around the 20-minute mark, associated with the emergence of potential
early problems. By contrast, successful teams only display a low rate of group
interactions around the same time, possibly reflecting greater focus and produc-
tivity. After manual visual inspection from the videos, we were able to associate
the peak in group interactions in successful teams at the 30-minute mark to the
presence of productive halftime get-together, where members synthesize their
knowledge, discuss achievements how to proceed. As a few successful teams
managed to escape slightly before the end of the game, only the remaining suc-
cessful teams contribute to the curves shown in Fig. 4.11.

Figure 4.11. Temporal group interactions and team success. An investigation of
the dynamics of group interactions reveal that after an initial get-together, members
tend to work in smaller groups. An increase in group interactions for failed teams
around the 20-minute mark reflects the emergence of possible early issues, while the
rapid increase for successful teams in the latest part of the game is associated with
celebration.

Conversation rules governing group interactions can be analysed by a suit-
able extension of the previously introduced P-shift profiles [1]. Following a
group remark, where 0 identifies the group, either the speaker continues their
turn (as A in A0-AY, turn continuing), or someone else claims the turn (turn
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claiming). Turn-claiming can happen in three distinct ways, as X in A0-XA/A0-
X0/A0-XY, where the addressee can be the first speaker A, the group 0, or an-
other person Y. Observing the pattern of ordered group interactions accounting
for conversation rules, we find that when someone claims the floor, it typically
happens in the form of A0-X0 or A0-XA at the expense of A0-XY (Fig. 4.12).
These two P-shifts overrepresented in our data cover those situations when a
remark addressed to the group is followed by a reaction.

Figure 4.12. Group interactions and P-shifts. P-shift analysis reveals the overabun-
dance of motifs A0-X0 and A0-XA, typically associated with the delivery of complex
messages.

To assess the relevance of each motif, we compare its frequency in the real
data against what observed by random chance in systems which preserve the
same number of interactions but where temporal correlations have been elimi-
nated (Fig. 4.12, no significant difference between successful and failed teams).
We find that the most overabundant motif is A0-XA, the ’group version’ of the
previously discussed AB-BA pairwise motif [1]. A second group motif, A0-X0,
is also found to be overabundant. Both of these P-shifts (someone addressing
a group followed either by a second speaker addressing the group again or a
team representative replying to the original communicator) are usually associ-
ated with the delivery of complex messages. For example, after A proposes an
idea or gives an instruction to the group, X takes the floor to explain or trans-
late A’s idea (A0-X0), or asks for clarification to A’s action on behalf of the team
(A0-XA).
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4.6 Leadership and authority

Leadership is a cooperative process that cannot be understood independently
of followership [159, 160, 161]. Therefore, leadership – as one of the most salient
social roles – is an outspoken indicator of group hierarchy. Leadership refers to
”guidance of others in their pursuits, often by organizing, directing, coordinat-
ing, supporting, and motivating their efforts [84](pp.246)”.

Our leadership data come from two different sources. On the one hand, we
acquired information on who is the leader of the teams (if any) by asking the
members to name a person in the questionnaire (pre-established leader). On
the other hand, we measured leadership relying on the interaction data. Here,
we intended to detect classic, centralized leadership implying control and giv-
ing orders. Actors who possess high out-degree centrality are considered as
opinion leaders, which refers to the extent to which a team member is able to
influence other members’ attitudes or overt behaviour in a desired way infor-
mally and frequently[49]. Thus, we identified the highest out-degree holders,
that is, the players with the highest participation level during problem-solving
as opinion leaders. We compared this emergent leader with the pre-established
leader. In those cases, when there is a a pre-established leader of the team, and
this person is identical to the emergent leader, it is assumed that teams have
a clear perception on their intragroup roles. In the opposite case, when the
pre-established leader is not the opinion leader during problem-solving, teams
either have a less obvious vertical structure of roles, or the initial hierarchy can
be dissolved during the game. The third option is when there is no leader of the
team due to either the lack of consensus or because the majority of votes went
to nobody.

We find that teams with a mismatch between the pre-established and emer-
gent leader are efficient in 55%, while none of the groups with a clear perception
on intragroup roles managed to exit the room in the given timeframe. Escape
room teams with no leader proved to be successful in 30% (Fig. 4.13). In other
words, teams with a clear perception on the leader of the groups (match), that
is, those groups having a rather rigid role structure with some level of hierarchy,
failed to complete the task uniformly. In contrast, teams with an unidentifiable
leader, and thus, supposedly with a rather flexible role structure or a dissoluble
hierarchy (mismatch) were efficient in a much higher percent - with even higher
success rate than those teams with admittedly no leader. This result might re-
flect on the the fact that the environment team performing the task under time
pressure is relatively random and unpredictable for each member regardless of
the different amount of authority they might possess.

In teams with a rather rigid role structure, there is a higher chance for a
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Figure 4.13. Leadership and success rate. Comparing the pre-established leader with
the emergent leader, we investigated if the fact whether teams have or do not have a clear
perception of their leader (match between the pre-established and the emergent leader)
facilitates team success. We found that teams without a clear perception of their leader
tend to be more successful, suggesting that a similar amount of intra-group authority
enhances performance in problem-solving.

group culture dominated by implicit expectations connected to behavioral con-
straints and respect for authority. Members of these groups might be reluc-
tant to express their half-finished thoughts but think well what and when they
speak. While, teams with a flexible role structure or less diversity in the amount
of members’ authority, we assume a more elevated atmosphere where idea shar-
ing is likely to be smoother facilitating efficient group work.

4.7 Discussion

Despite recent intensive efforts in characterizing human behavior from large-
scale data, understanding the social and demographic drivers of successful
team interactions is still a largely open and widely debated research area. Here
we provided for the first time a characterization of the social dynamics of team
interactions in escape rooms, non-interventional social laboratories previously
unexplored in a fine-grained quantitative manner. By capturing high-frequency
real-time social interactions in this innovative quasi-experimental setting, we
were able to extract the building blocks of cooperative work. Our analysis
revealed that socio-demographic characteristics may impact problem-solving
communication. For instance, older and highly educated actors were observed
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CHAPTER 4. THE ANATOMY OF SOCIAL DYNAMICS IN ESCAPE

ROOMS: TEMPORAL, SIGNED AND GROUP INTERACTIONS

to speak for longer, more often to the group, and initiate less emotional (in par-
ticular less negative) interactions, while prior strength of relationships between
group members was positively associated with enhanced social interaction.

An investigation of P-shift profiles revealed the high demand for practi-
cal actions under time pressure, manifested in conversation rules such as the
”current-select” rule (AB-BA), associated with frequent pairwise action-reaction
exchanges. Interestingly, the behavior of men and women was found to be
characterized by different conversation rules, with women often forced to turn-
usurp in order to express their opinion, a pattern particularly overabundant in
teams with only one female member. Pre-established leaders, as holders of for-
mal authority were found to have a tendency to continue their speaking turns.
Successful teams displayed a higher emotional balance across their members,
possibly reflecting the higher collective nature of team organization. In spite of
a tendency for prosocial communication at the initial stage of the game, a tem-
poral analysis revealed that already after 20 minutes failed teams had different
interaction patterns from successful ones, displaying less task-focused behav-
ior and the first signs of social conflict. Interestingly, also prosperous groups
were found to maintain a non-negligible number of negative interactions until
the end of the game, suggesting that a minimum level of tense communica-
tion might be beneficial for collective problem solving. Interestingly, successful
teams can be also characterized by a more fluid role structure than that of failed
groups, suggesting that groups with less hierarchy and more agility tend to do
better in escape rooms.

In summary, here we have proposed escape rooms as an innovative research
setting for studying groups in controlled, yet non-manipulated environment,
where one can obtain high resolution data on collective behavior. By investigat-
ing social dynamics at a fine-grained scale, we were able to portray an innova-
tive and nuanced picture of the collective actions of these project teams. In the
future, we intend to further investigate the division of work in this problem-
solving groups to understand how exploration and exploitation tasks impose
different demands on teams to allocate their resources, and how they are asso-
ciated with bottlenecks slowing down collective performance. We hope that
these insights will spark more research on team processes in escape rooms,
easily accessible social laboratories contributing to a deeper understanding of
intra-group dynamics and collective action.
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CHAPTER 5

CONCLUSION

This thesis demonstrated the utility of escape rooms in researching human in-
teractions. In Chapter 2, I introduced escape rooms as minimally biased, non-
interventional social laboratories free from the typical weaknesses of both lab-
oratory experiments and field studies. I collected real-time, fine-grained data
on the collaboration network of small teams during problem solving in escape
rooms relying on video records. In addition, I obtained teams’ demographic
and relational information by a questionnaire designed to explore and relate
sociodemographic characteristics to social dynamics. This unique and novel
quasi-experimental setting allowed me to study the collaborative problem solv-
ing activity of intact, non-manipulated teams in a meticulous manner. With this
research design, I also intended to contribute to the increasingly rare studies
of interacting groups that carry out actual activity as opposed to just thinking
about something, to study human interactions based on a direct and objective
data source.

Specifically, leveraging this unique data enabled us to extend faultline re-
search by studying - for the first time - the role of collaborative communica-
tion in the faultline-success relationship, where communication is measured by
real-time interaction data. The main finding of Chapter 3 suggests that when
investigating team success, the effect of diversity and collaborative communi-
cation can only be understood in relation to each other. We found that group
diversity is detrimental to team success when the faultline-induced subgroups
do not interact with each other on an above-average frequency. This suggests
that managers should facilitate communication between the faultline-induced
subgroups as much as possible to ensure an efficient team functioning for task
that requires the synthesized knowledge of the whole team as a single unit. On
the other hand, strong faultline-groups with low cross-subgroup communica-
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56 CHAPTER 5. CONCLUSION

tion might be assigned to tasks that can be easily divided and later integrated
into their final forms by leaders. In a more abstract sense, our finding reinforces
a fundamental concept of the network approach to investigate those processes
that constitute a system’s complexity instead of merely studying the character-
istics of its elements.

A more data-driven, case study in Chapter 4 provided a nuanced picture
about teams’ social dynamics and interpersonal behavior in escape rooms. We
treated interactions as temporal networks, which captured the skeletal structure
of communication between team members. We have identified peculiar interac-
tion patterns (e.g. longer and typically more task-directed communication often
addressed to the group) linked to specific demographic characteristics (older
and more educated team members). We have also seen that the length of inter-
personal relationships contributes to active problem-solving interactions, and
that the dominant conversation rules [1] are manifested in action-reaction pair
motifs reflecting the high demand for practical actions in escape rooms. Con-
firming previous studies on women’s disadvantage [157], we also found that
women need to assert themselves to seize the floor to speak in order to express
their opinion as opposed to men, who typically receive the turn to speak.
Considering team success, our analysis revealed different patterns for success-
ful and failed groups in two dimensions of interactions. First, investigating
signed networks, successful teams were found to be more engaged in task-
directed communication at the beginning of the task performance. At later
stages, though relationship-oriented communication seemed to have a posi-
tive influence on efficiency. Second, successful groups typically had a more
fragmented temporal collaboration network than failed teams. However, we
identified group-wide conversation around the middle and the end of the game
when members gathered to synthesize their knowledge - a potential sign of a
conscious strategy.
Finally, we found that successful teams tend to have a rather similar amount
of authority which presumably enables them to create an elevated group atmo-
sphere entailing smooth and efficient communication in this setting.

Understanding teams in their complexity requires nuanced and detailed
information about their social dynamics that accounts for the core process
of any team-related emergent phenomenon. This thesis introduced escape
rooms as an innovative research setting for studying groups in controlled, yet
non-manipulated environment. The utilization of this unique, high resolution
data can pave the way for both research aiming to address complex theoretical
questions or to explore the data itself systematically to gain new insights into
human problem solving behavior. I argue that using escape rooms as easily
accessible social laboratories carries the potential to open up new directions

C
E

U
eT

D
C

ol
le

ct
io

n



57

at the intersection of sociology, organization science, network science and
small group research by contributing to a deeper understanding of intra-group
processes and collective action. This thesis is the first step into this direction.

My data still has numerous untapped opportunities. One of these poten-
tial research directions we are currently addressing is marked by a task-based
inquiry. Throughout this thesis, the unit of observation were teams, and their
success was operationalized as a binary variable (escaped/non-escaped). At the
same time, in escape rooms, several sub-tasks have to be implemented by the
teams to get the opportunity to face the ultimate task, that is, to reach the final
door that leads out of the room. Proposing a different perspective for our future
research avenue, we go to the level of these sub-tasks. Following this problem-
based approach, on the one hand, we can work with an increased amount of
data (number of teams times the number of sub-tasks implemented by them).
On the other hand, we can use the problem solving time as a more sophisti-
cated measure of team success. Consequently, we can utilize the high temporal
resolution of the data even more comprehensively.
The sub-tasks in both escape rooms have a peculiar arrangement that shows
the dependency between them (Figure 5.1). All sub-tasks can be categorized
as either exploration or exploitation. Exploration refers to the act of searching
for clues and relevant information pieces, while exploitation is about utilizing
and combining knowledge. Thus, implementing an exploitation task assumes
that the relevant information for that has already been explored. This arrange-
ment of escape room tasks structures problem-solving time naturally. We use
these time slices to investigate team success in the following way. First, we
calculate how much time it took for the team to implement the sub-task after
all related conditions were met - our new measure for success. Then, we seek
to identify behavioral patterns predicting problem-solving time in these time
intervals assuming that efficient problem solving at exploration phases might
require different collaborative activity than that of at exploitation phases.

Although this work is still in its infancy, we can already see two promis-
ing indicators, the average number of connected component of collaboration
networks, and the standard deviation of out-degrees. Our preliminary find-
ings show that teams with a high average number of (second-based) connected
components are faster in solving exploration tasks, but not when implementing
exploitation tasks. Moreover, teams performing both exploration and exploita-
tion tasks are also faster when members speak on a similar frequency. These ini-
tial results suggest that multitasking (simultaneous operation of sub-teams on
different sub-tasks) enhance efficient performance of exploration task, but not
that of exploitation tasks. In general, the higher differences are between team
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58 CHAPTER 5. CONCLUSION

Figure 5.1. Task dependency in room Sherlock presented on the example of a suc-
cessful (Team 10) and a failed (Team 19) team. We can see that Team 10 accomplished
all tasks and was able to exit the room in minute 46 as opposed to Team 19 that failed to
solve many tasks. Circles represent exploration phases, while squares denote exploita-
tion tasks with the numbers showing the absolute time elapsed to perform the given
task. In general, the edges indicate the time difference between two nodes, and the red
ties are those with minimum time spent between two dependent tasks.

members in the amount of initiated communication ties, the more time it takes
for them to implement either an exploration or an exploitation task. Therefore,
egalitarianism – hereby referred to as a similar amount of interaction initiated
by each team member – seems to assist the progress of collaborative problem
solving. Enriching this theme, we also plan to investigate if there is an optimal
organization of sub-task implementation.

Regarding long-term plans, stochastic actor-based models (SAOM), and ex-
ponential random graph models (ERGM) present themselves as natural meth-
ods to investigate the temporal escape room data among many other potential
ways to further explore traits of collaborative problem solving. We hope that
this thesis sparks interest in these directions.
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60 CHAPTER 6. APPENDICES

6.0.1 Table A1

Predictors Model A5 Model A6 Model A7 Model A8
Log-Odds Log-Odds Log-Odds Log-Odds

(Intercept) −9.94∗∗ −9.98∗∗ −9.17∗∗ −11.64∗∗

(3.66) (3.77) (3.57) (3.86)
time (min) 0.23∗∗∗ 0.23∗∗∗ 0.23∗∗∗ 0.25∗∗∗

(0.05) (0.05) (0.06) (0.06)
average age 0.02 0.00 0.03 0.02

(0.08) (0.09) (0.08) (0.09)
age diversity −0.27 −0.28 −0.36 −0.34

(0.30) (0.24) (0.21) (0.24)
education diversity −4.30∗∗ −2.12 −4.86∗∗ −3.63∗

(1.67) (2.56) (1.79) (1.63)
gender diversity −4.53∗ −4.14∗ −6.20∗ −5.58∗∗

(1.86) (1.80) (2.94) (1.97)
faultline strength −3.05 −2.70 −3.79 −0.64

(1.97) (2.00) (2.05) (2.27)
room 0.21 0.09 0.02 0.26

(0.75) (0.64) (0.63) (0.65)
average acquaintanceship −0.25 −0.20 −0.33∗ −0.20

(0.13) (0.12) (0.14) (0.12)
average acquaintanceship −0.01
*age diversity (0.05)

average acquaintanceship −0.51
*education diversity (0.49)

average acquaintanceship 0.29
*gender diversity (0.38)

average acquaintanceship −0.38
*faultline strength (0.24)
Observations 2308 2308 2308 2308
R2 Tjur 0.096 0.099 0.098 0.114

∗p < 0.05 ∗∗p < 0.01 ∗∗∗p < 0.001

Table 6.1. Discrete-time survival models on exiting the room - models with interac-
tions.
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6.0.2 Consent form
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CONSENT FORM 

Study Title: The micro-dynamic nature of group interactions

What is this study about? 

The purpose of the study is to reveal how project teams’ 
collaboration network evolve across time and team members, and
how it correlates with successfulness.

What will I do if I choose to be in this study?

You will be asked to give your permission to us to use the video 
data on your group’s activity (game) that is recorded by the 
escape room operators. This is the data from which we can 
construct the team’s collaboration network and analyse its 
dynamics in terms of task performance.
Also, you will be asked to fill a 5-minute questionnaire to inform 
us about some demographics and group relations.
No sensitive confidential data will be requested. A random 
ID/chosen name by you will be used to protect your identity, 
(unless you specifically request that you be identified by your true
name).

How will you protect the information you collect about me,
and how will that information be shared?

Results of this study may be used in publications and 
presentations. We will not use any sensitive confidential data, as 
we will not collect identifiable personal information. 

Who can I contact if I have questions?

If you have questions, you are free to ask them now. If you have 
questions later, you may contact the researcher(s) at 
Szabo_Rebeka@phd.ceu.edu 
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6.0.3 Questionnaire
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Dear Participant,

This questionnaire is part of my data collection for my PhD research, in which I observe 

the temporal changes of group interactions and its correlation to task-solving. 

At the item(s) of the questionnaire requiring names, the indication of the first name or 

nickname is sufficient and only serves to distinguish team members.

Estimated time of the questionnaire: 5 minutes. 

 

1. Imagine that you go for a one-day bus trip with your current team-mates. The figure 

below represents the seats on the bus. Please have your team mates “sat down” 

including yourself. (One square represents one seat, therefore one name is supposed to 

get there.)

2. Is there a leader of the group among your current team-mates?

(If there is, please, write down his/her name and that why you consider him/her as the 

leader.)

…………………………………………………………………………..

3. How long have you known each other with your current team mates?

(Please answer this question in case of each of your team-mates.) 

a) Name (first name/nickname):

………………………………………………….................................

I know him/her (approx.) ……………………………………………………..year/month ago; 
From (school/workplace/via a friend/relative/relationship, etc.):………………………….; 
We talk, meet: each day / each week / biweekly / monthly / less often

b) Name (first name/nickname):

………………………………………………….................................

I know him/her (approx.) ……………………………………………………..year/month ago; 
From (school/workplace/via a friend/relative/relationship, etc.)………………………….; 
We talk, meet: each day / each week / biweekly / monthly / less often

c) Name (first name/nickname):
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………………………………………………….................................

I know him/her (approx.) ……………………………………………………..year/month ago; 
From (school/workplace/via a friend/relative/relationship, etc.):………………………….; 
We talk, meet: each day / each week / biweekly / monthly / less often

d) Name (first name/nickname):

………………………………………………….................................

I know him/her (approx.) ……………………………………………………..year/month ago; 
From (school/workplace/via a friend/relative/relationship, etc.):………………………….; 
We talk, meet: each day / each week / biweekly / monthly / less often

e) Name (first name/nickname):

………………………………………………….................................

I know him/her (approx.) ……………………………………………………..year/month ago; 
From (school/workplace/via a friend/relative/relationship, etc.):………………………….; 
We talk, meet: each day / each week / biweekly / monthly / less often

4. Your current job: ……………………………………………………..

5. Highest level of education: ……………………………………..

6. Your age: ……………………

7. Your first name/nickname (what you have used before in the questionnaire):

CONSENT 

I have read the Consent Form and the research study has been explained to me. I agree 
to participate in this research study.

……………………………………………………………….
Participant’s first name/nicname

………………………………………………………………. ………………………………...
Participant’s signiture Date

Thank you for your help!

Have fun!
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6.0.4 Transcription guide
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DNDS - The micro-dynamic nature of team interactions 

 

 

TRANSCRIPTION GUIDE 

 

 

Quality aspects: 

 

1. If you are not sure about something, anywhere (e.g.: who talks to whom, what the emotional 

charge of the communication is, etc.). Please, ask! - we'll discuss and work it out together! This is very 

important for quality! 

 

2. If you feel your brain is running out of your ears and every part of your body, both physically and 

mentally, is protesting against continuing the coding, let me know! Relax a little and rather have the 

description later than be inaccurate and put fatigue at the expense of precision! 

 

WhatsApp/telefon: O. Szabó Rebeka, +36703832223, or after 7 pm: o.sz.rebu@gmail.com 

 

Technical aspects: 

 

Coding scheme - example 
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DNDS - The micro-dynamic nature of team interactions 

 

 

!!!IMPORTANT!!! 

 

• An interaction is more than communication! For example, if a player shows something to 

another player without speaking, it is also considered an interaction, so we record it! 

 

• Other non-verbal communication can be nodding; ‘reply’ for a request for example giving 

something to someone upon asking, etc. In contrast, natural moving in the room while searching 

for clues is not an interaction.  

 

• An interaction is one train of thought. So, if someone starts talking but takes a tiny break (takes 

a breath – max. 1-2 seconds) and then continues while there is no other interaction in the 

meantime, it can be taken as one piece of interaction. 

 

To be recorded: 

 

1. start time 

2. end time 

3. sender 

4. receiver 

5. emotional charge 

6. transcription 

7. general impression about the team 

8. sub-results 

 

1. Start time: 

 

Record the second in which the interaction starts. 
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DNDS - The micro-dynamic nature of team interactions 

 

 

2. End time: 

 

The last second in which the interaction is ongoing. I f somebody speaks until 21:32:09, so that in the 

9th second they do not speak, the proper end time to be recorded is 21:32:08 as this is the last second 

the interaction is happening. 

 

3-4. Sender-receiver: 

 

 

• The sender and receiver/addressee of the interaction.  

• If someone speaks to several people at the same time (a group interaction), we record in the 

same way as in the example above: E speaks to ME, D, and MA at the same time, because all 

three lines have the same start and end time of the interaction. 

 

+ operator’s call: we record when the interaction starts and ends, and who speaks with the operator 

 

5. Emotional charge: 

 

We classify the emotional charge of interactions into 3 categories: positive, negative and neutral.  

 

Positive interactions are all interactions that relate to the previous action positively/have positive 

emotional charge AND is not directed to the task itself but is rather related to interpersonal 

relationships. 

Examples: 

- praise, 

- laughing, 

- joking, 

- inspiration/emotional support, etc. 

 

That is every interaction that influence team spirit positively. 
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DNDS - The micro-dynamic nature of team interactions 

 

 

 

 

• Smooth collaboration between team members on a task does NOT account for positive 

interactions until these interactions are not emotionally loaded.  

• Example: A: ‘we have to smell these tobaccos and identify them’ → B: ‘wow, cool!’: neutral, as 

B’s inspiration does not reflect to A’s action (but to the situation/circumstances)  

 

Negative interactions are all interactions that relate to the previous action negatively/have negative 

emotional charge AND is not directed to the task itself but is rather related to interpersonal 

relationships. 

Examples: 

- disapproving, 

- despising, 

- trivialize, 

- ironic, cynical reaction, 

- intentional ignoration of someone  

- quarrel, etc. 

 

That is every interaction that influence team spirit negatively. 

 

• The word ‘no’ does not make the interaction automatically negative! 

• When one draws the other’s attention to a fact that the other has thought wrongly and happens 

to have the word ‘no’ in it, the interaction is still neutral because the point is to pass on facts / 

communicate information.  

• E.g.: A: ‘here is a mongoose’ → B: ‘no, because look, it is the pipe…’. So, the interaction is 

tension-free, AND it is not a conflict of individual opinions, but a statement of fact (=task-

related interaction=neutral). It would be negative if someone raises, they voice and there is a 

touchable tension. 
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DNDS - The micro-dynamic nature of team interactions 

 

 

Neutral interactions are directed to the task itself and not to the relationships AND are not 

emotionally loaded.  

Examples: 

- finding of facts, 

- emotionless communication, 

- questions, 

- showing something, etc. 

 

SPECIAL CASES: 

 

1. Cutting into one’s sentence while talking to another person, e.g. A cuts into ZS’s sentence in a 

raised voice while (s)he talks to T. This is an important interaction that should be coded as two 

interactions: 1) A talks to T (neutral); 2) A send a negative interaction to ZS (as A silences ZS).  

 

2. Approval, but nervous reaction: negative – so the strong emotional charge overwrites the 

emotional charge of the interaction. From neutral to negative in this case.  

 

3. Talking to herself/himself OR any action which is not shared by someone: So it is not 

addressed to anyone, not a reaction to a previous action, also when it is so quiet that nobody could  

have a chance to hear it => both the sender and the receiver are the same person, e.g.: A talk to A 

(as (s)he grumbles something under her/his nose) 

 

4. If there are parts with different emotional charge within the same sentence, it is coded in two 

separate lines with the corresponding emotional charge (this is very rare!) 

E.g.: ‘I think it’s a pig, so you said pure nonsense first’. - although the first half of the sentence is a 

statement and has a neutral emotional charge, it is used by the speaker to justify the second part of 

the sentence (that the addressee is stupid). So, it is organically connected, so overall it is one 

negative interaction. 

(It could be separated if there is another interaction during the sentence since we are coding in 

chronological order.) 
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DNDS - The micro-dynamic nature of team interactions 

 

 

Another example: 

A: ‘we can't even unload this’  

- if (s)he grumbles under her/his nose, (s)he is the sender and the receiver 

- if (s)he says it out loud, it is a derogatory (neg.) sentence addressed to everyone, and it is easy to see 

that it can be destructive to team spirit 

 

6. Transciption: 

 

Accurate description of communication! - Any questions, you don't hear something, please, put a 

question mark, I'll look into it later. 

The text description should be as complete as possible! This includes the audible part of the 

conversation with the operator! (+ non-verbal interactions, of course) 

 

7. General impression on team spirit: 

 

- as a team: lively / enthusiastic / innervated, etc.? 

- as players: Everyone is equally motivated? Some are very enthusiastic, while others are quieter and 

more withdrawn? 

 

8. Sub-results: 

 

If the subtask is not fulfilled entirely, for example in the case of the first code, if the coin is placed in 

the wallet but the 4 cards are not found, the partial result should not be recorded as it is not considered  

a valid subresult. 

Only a fully solved subtask can be considered as completed, partial result. 

 

For the exact subresult codes, please see the flowchart of the rooms and use the provided names of the 

subresults uniformly. 
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DNDS - The micro-dynamic nature of team interactions 

 

 

AT THE END: 

 

The game & coding is over when the key of the door is found and identified for what it is for. 

(Sometimes they don't know what it opens for minutes.) 
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DNDS - The micro-dynamic nature of team interactions 

 

 

 

HELP FOR CODING SUBTASKS 
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DNDS - The micro-dynamic nature of team interactions 
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