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Abstract

Observing the interactions that take place between group members teaches much about

the dynamics that occur in teams. Social network analysis (SNA) provides the tools that

help scientists to better understand how teams function internally and reveal how these

patterns influence the effectiveness and success of groups. Communication, leadership,

and support networks play a particularly important role in network based team research.

Measures of density, centrality, and centralization have been found to be the most rele-

vant patterns in this field. However, as leadership patterns are considered, core-periphery

structures are increasingly coming into focus. How best to apply and combine these net-

work patterns to make predictions about team outcomes and leadership structures is the

central question addressed in this thesis. The second central question of this thesis is

whether the behavior of players in the virtual worlds of MMOGs is able to reflect human

behavior in the real world (mapping principle). Drawing on two extensive datasets from

the game Travian, we are able to show that it is possible to predict team success and

identify leadership structures with a network-based machine learning approach. Based

on an extensive literature review, we are also able to show that the relationships between

intra-team interaction patterns and team success observed in our case study are consis-

tent with the interdependencies identified in meta-studies of real-world work teams. Due

to the small number of studies conducted to date, the question of whether findings from

MMOG-based research can be generalized to real-world settings has remained largely

unanswered. Thus, our study provides further scientific evidence that human behavior

in a virtual online gaming context does not necessarily differ from behavior in traditional

offline contexts. However, our case study also confirms once again that it is imperative

to take into account the circumstances and incentive structures of the respective virtual

world when conceiving the research design. Given these limitations, we conclude that

MMOGs should continue to be used as useful research environments for the study of

human behavior. In addition, our two proofs of concept for potentially predicting team

success and identifying the best performing players laid the groundwork for future work

in this area. In summary, the results and case studies of this dissertation show the pos-

sibilities, as well as the restrictions, that MMOG game worlds like Travian, with their

large amounts of interaction data, are able to offer to the research community. So far,

no reliable trend has emerged to indicate whether these new research environments will

be widely applied in all kinds of research disciplines in the long run, or whether research

in MMOGs will remain a niche for the particularly technology-savvy field of computer

science.
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Zusammenfassung

Die Beobachtung der Interaktionen zwischen Gruppenmitgliedern gibt Aufschluss über

die Dynamik, die in Teams herrscht. Die Analyse sozialer Netzwerke (SNA) liefert

die Instrumente, die Wissenschaftlern helfen, besser zu verstehen, wie Teams intern

funktionieren, und aufzuzeigen, wie diese Muster die Effektivität und den Erfolg von

Gruppen beeinflussen. Kommunikations-, Führungs- und Unterstützungsnetzwerke spie-

len in der netzwerkbasierten Teamforschung eine besonders wichtige Rolle. Messungen

der Dichte, Zentralität und Zentralisierung haben sich als die relevantesten Muster in

diesem Bereich erwiesen. Bei der Betrachtung von Führungsmustern rücken jedoch

zunehmend Kern-Peripherie-Strukturen in den Fokus. Wie diese Netzwerkmuster am

besten angewendet und kombiniert werden können, um Vorhersagen über Teamergeb-

nisse und Führungsstrukturen zu treffen, ist die zentrale Frage dieser Arbeit. Die zweite

zentrale Frage dieser Arbeit ist, ob das Verhalten von Spielern in den virtuellen Welten

von MMOGs in der Lage ist, menschliches Verhalten in der realen Welt zu reflektieren

(Mapping-Prinzip). Anhand von zwei umfangreichen Datensätzen aus dem Spiel Travian

können wir zeigen, dass es möglich ist, mit einem netzwerkbasierten maschinellen Ler-

nansatz Teamerfolg vorherzusagen und Führungsstrukturen zu identifizieren. Basierend

auf einer umfangreichen Literaturrecherche können wir zudem zeigen, dass die in unserer

Fallstudie beobachteten Zusammenhänge zwischen teaminternen Interaktionsmustern

und Teamerfolg mit den in Metastudien zu realen Arbeitsteams identifizierten Inter-

dependenzen übereinstimmen. Aufgrund der geringen Anzahl der bisher durchgeführten

Studien blieb die Frage, ob sich die Erkenntnisse aus der MMOG-basierten Forschung

auf reale Situationen verallgemeinern lassen, bisher weitgehend unbeantwortet. Unsere

Studie liefert daher weitere wissenschaftliche Belege dafür, dass sich menschliches Ver-

halten in einem virtuellen Online-Gaming-Kontext nicht unbedingt von dem Verhalten

in traditionellen Offline-Kontexten unterscheidet. Allerdings bestätigt unsere Fallstudie

auch einmal mehr, dass es unabdingbar ist, die Umstände und Anreizstrukturen der

jeweiligen virtuellen Welt bei der Konzeption des Forschungsdesigns zu berücksichti-

gen. In Anbetracht dieser Einschränkungen kommen wir zu dem Schluss, dass MMOGs

weiterhin als nützliche Forschungsumgebungen für die Untersuchung menschlichen Ver-

haltens genutzt werden sollten. Darüber hinaus haben unsere beiden Konzeptnach-

weise für die potenzielle Vorhersage des Teamerfolgs und die Identifizierung der leis-

tungsstärksten Spieler den Grundstein für zukünftige Arbeiten in diesem Bereich gelegt.

Zusammenfassend lässt sich sagen, dass die Ergebnisse und Fallstudien dieser Disser-

tation die Möglichkeiten Möglichkeiten, aber auch die Einschränkungen, die MMOG-
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Spielwelten wie Travian mit ihren Spielwelten wie Travian mit ihren großen Mengen

an Interaktionsdaten der Forschungsgemeinschaft zur Verfügung stehen. Bislang hat

sich noch kein verlässlicher Trend abgezeichnet, ob diese neuen Forschungsumgebun-

gen langfristig in allen möglichen Forschungsdisziplinen eingesetzt werden, oder ob die

Forschung in MMOGs eine Nische für den besonders technikaffinen Bereich der Com-

puterwissenschaften bleiben wird.
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Chapter 1

Introduction

“Networks are at the core of all organizational life” (Nohria and Eccles 1992). It is

with this statement that Nohria and Eccles introduce their book “Networks and Orga-

nizations”. The reason they attribute this great importance to networks is that these,

formed by the connections between individual actors, create patterns that both drive

and constrain group action. These patterns can reveal whether a group or organization

is working together effectively, making it possible to predict whether it will succeed or

fail. The basis for the identification of these patterns is network data, which is the result

of interactions between group members.

In particular, communication and support networks are powerful in unveiling “how

work really gets done in organizations” (Cross and Parker 2004). They help us to answer

the question of what the optimal interaction network of a high-performing team looks

like (Bavelas 1950; Monge and Contractor 2003; Zenk et al. 2010). For this purpose, a

large number of different approaches have been investigated over the past few decades

(Borgatti and Foster 2003). The most common view is that effective collaboration in

a group is characterized by two factors: (1) The way the group is led and capable of

coordinating itself, and (2) the way resources flow within the group.

The first aspect, the leadership structure within a group, can be best represented by a

continuum from hierarchical to distributed leadership (Pearce and Conger 2003a). This

concept stands in stark contrast to the traditional view of leadership (Lord et al. 2017).

“Historically, leadership has been conceived around a single individual - the leader - and

the relationship of that individual to subordinates or followers. [...] This relationship

between the leader and the led has been a vertical one of top-down influence. As a result,

the leadership field has focused attention on the behaviours, mind-sets, and actions of

“the leader” in a team or organisation”(Pearce and Conger 2003a).

In contrast to this, the concept of shared leadership defines it as “a dynamic, interactive

influence process among individuals in groups for which the objective is to lead one

another to the achievement of group or organizational goals” (Pearce and Conger 2003a).

The exercise of shared leadership is reflected in a number of activities carried out by

the various members of the team. The decisive factor here is that shared leadership

means interacting with others in the group. It manifests itself in behaviors such as

communicating, influencing, making suggestions, and holding people accountable (Aime

et al. 2014). From this perspective, “shared leadership entails a simultaneous, ongoing,
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Chapter 1 Introduction

mutual influence process within a team that is characterized by “serial emergence” of

official as well as unofficial leaders” (Pearce and Barkus 2004). In order to take into

account this new approach to the distribution of the leadership task within the team, it

is necessary to be able to operationalize it.

For this purpose, Mayo et al. 2003 developed a network-based model that allows us

to map the extent to which leadership within a team is concentrated in a single central

actor (decentralization). Simultaneously, they take into account the density of leader-

ship relationships within the group. This combination has made it possible for the first

time to apply network data to the identification of (shared) leadership structures. The

model was originally based on leadership networks, which can only be collected through

traditional surveys. Since these were difficult to operationalize, communication networks

were introduced as an alternative (Monge and Contractor 2003). Researchers have noted

that by applying various relational theories, leadership can be viewed as socially con-

structed through the exchange of communication (Cullen-Lester et al. 2017). This is

especially important because leadership is inextricably linked to communication among

group members (Ahuja et al. 2003). This is particularly of relevance since communica-

tion has always been understood as the core element of any group (Sarker et al. 2011).

In addition, there is another very practical reason for using communication networks.

Unlike the traditional collection of network data via surveys, communication networks

can be collected very easily and non-obstrusively via the use of electronic communica-

tions such as email (trace data). The studies that are part of this dissertation have also

taken advantage of this.

Support networks, on the other hand, are particularly well suited to represent the

results of these coordination processes, and therefore allow us to track whether a group

has been able to achieve the desired goals. However, they have been used in very few cases

in network-based team research (White et al. 2016). Therefore, in this dissertation, we

have developed a number of concepts and tested them in the context of the prediction of

team success. The combination of communication networks with support networks seems

to have particular potential (multiplexity) (Contractor et al. 2012). The same applies to

the time-sensitivity analysis of cause and effect of the above-mentioned network patterns

on the success of team collaboration. However, there is still a lot of ground work to be

done here, which means that these areas are primarily of interest for future work.

As a new innovative experimental laboratory for the above-described possibilities of

analyzing team structures, Massively Multiplayer Online Games (MMOGs) have increas-

ingly come into focus in recent years (Castronova 2005; Ducheneaut 2010; Assmann et

al. 2010b; Wigand 2018). Especially in the field of network analysis, quite a number

of studies have been published demonstrating the potentials of MMOGs as research en-

vironments (Shim et al. 2010; Szell and Thurner 2010; M. Zhu et al. 2013; Fuchs and

Thurner 2014; Corominas-Murtra et al. 2014; Hajibagheri et al. 2018). The two predom-

inant research questions of these mostly exploratory studies were: (1) How best to apply

and transform the vast amounts of raw data (secondary data) so that they can be used

2



in appropriate research designs? (2) Do the behavioral patterns observed in trace data

of MMOGs correspond to those of human behavior in the real world? This dissertation

is also devoted to these two sets of issues.

The structure of this work is therefore as follows: The theoretical foundations of

the interplay between social dynamics in teams and the influence of leadership on team

performance are discussed in section 2. Section 3 looks at different ways of mapping these

dynamics using the toolbox of social network analysis. The use of MMOGs for this type

of research will be the subject of a discussion in Section 4. In addition, the history of the

emergence of this relatively new field is discussed in detail. Further, this section provides

insight into how the research used in this paper came to exist. In addition to describing

data collection, this section also discusses the extraction and processing of raw data

from game database. For a better understanding of this data, a short introduction to

the game world of the MMOG Travian is also given here. Section 5 provides a list of the

published peer-reviewed publications that form the basis of this dissertation. Section 6

concludes with a summary of achievements and contributions. In addition, there will be

a discussion of the obstacles and limitations which have become apparent in the course

of the work. An outlook for future work and a conclusion conclude this paper.

Introduction: 
Research Questions & Motivation

Data: 
Collection, Extraction & Processing
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Figure 1.1: Schematic diagram of the dissertation

3





Chapter 2

Intra-team dynamics and team performance

2.1 Performance: Exploring what makes teams successful

The question of what distinguishes an average team from those that achieve the ex-

traordinary has always been one of the central questions in research on groups and

organizations (Goodman et al. 1997; Hackman 1987; Shea and Guzzo 1987; Betten-

hausen 1991). Therefore, an important goal throughout the history of organizational

research has been “to identify the factors and processes that give rise to increased group

performance” (Beal et al. 2003). It is therefore no coincidence that “performance is the

most widely studied criterion variable in the organizational behavior and human resource

management literatures” (Bommer et al. 1995) and thus the construct validity of per-

formance measures is of high importance. However, a look at the theoretical literature

shows that a “global conceptualization” of the construct performance is hard to find

(Campbell et al. 1993). Starting with a basic consensus, scholars therefore proposed the

view that “teams exist to perform tasks” (Mathieu et al. 2008) by regarding a “task”

as “virtually any task that the culture views as having value” (Campbell et al. 1993).

This shift in view led to a new perspective in which performance can alternatively be

seen as a behavior (Campbell et al. 1993; Beal et al. 2003; Mathieu et al. 2008; Ko-

zlowski and Bell 2012). Along these lines, Campbell et al. introduced the construct of

performance as behavior whose measure is an evaluation of actions or behaviors relevant

to the achievement of group goals (Beal et al. 2003). Simultaneously, they considered

performance as an outcome when the measure represents the consequences or results of

performance behavior. This split of the construct of performance into behavior (perfor-

mance as doing) and outcome (results of actions) laid the foundation for the development

of the concept of team effectiveness that became “the core focus of theory and research

on teams and all topics addressed” (Kozlowski and Bell 2012). Performance efficiency

was thus defined as “the effectiveness of a group with some consideration of the cost

of achieving that level of effectiveness, that is, a ratio or factoring of inputs relative to

outputs” (Beal et al. 2003). Potential inputs are usually interpreted in a very broad

way (Gist et al. 1987; Mcgrath 1991; Beal et al. 2003), “including time, effort, and other

resources expended, as well as number of errors made and relative size of the group”

(Beal et al. 2003).

A pioneering work in this respect has been the review articles written in recent years

5



Chapter 2 Intra-team dynamics and team performance

by Koslowski and Bell. At the time of their original review in 2003, “most models of

team effectiveness were loosely formulated around the Input–Process–Outcome (IPO)

framework posited by McGrath (1964)” (Kozlowski and Bell 2012).

Team

Individual

Organizational

Processes

Inputs Processes Outcomes

Performance

Figure 2.1: Input-Process-Outcome (IPO) Team Effectiveness Framework - adopted

model by Mathieu et al. 2008

Other researchers have built on this work. In this respect, Mathieu et al. 2008 conclude

that the IPO model “has served as a valuable guide for researchers over the years, but

it has also been modified and extended in several ways”. Others emphasize that IPO

models have been critiqued for failing to differentiate between different types of processes

and outcomes (Ilgen et al. 2005). These team processes are of importance because they

describe the interactions of team members focused on task accomplishment and thus

represent how the team’s input is transformed into results. Some examples for those

processes are: cooperation, relationships and task conflicts (Mathieu et al. 2008). Earlier

work again classifies these processes into the categories: influence (facilitation, social

impact, loafing), development (identification, team development), and decision making

(participation, information generation, alternative evaluation, consensus building) (Gist

et al. 1987). Or more generally: “Processes represent mechanisms that inhibit or enable

the ability of team members to combine their capabilities and behavior” (Kozlowski and

Bell 2012).

Regarding inputs, a common classification is following the different organizational

levels: organization, team and individual. Further, inputs are typically divided into in-

ternal and external input factors (Kozlowski and Bell 2012). Some examples of internal

input factors are: skills, abilities, personalities, composition of knowledge, group struc-

ture and team design. Examples for external input factors are: rewards, training, or

organizational climate. Beyond that, later works have introduced other input factors as

psychological safety (Edmondson 1999; Zohar 2000; Gilson et al. 2015), emergent states

(Wang et al. 2014; Mathieu et al. 2017), shared mental models (Mathieu et al. 2000;

Levesque et al. 2001; DeChurch and Mesmer-Magnus 2015; Lungeanu et al. 2022), trust

(Mayer et al. 1995; Colquitt et al. 2007; Costa et al. 2018), and leadership (Goodman

6



2.2 Processes: The interaction of team members

et al. 1997; Hoch and Kozlowski 2014; Lord et al. 2017).

2.2 Processes: The interaction of team members

Team processes are of particular importance, as they describe the interactions between

members that are geared towards the fulfillment of tasks. They can therefore be seen

as interdependent actions of members that transform inputs into outcomes through cog-

nitive, verbal, and behavioral activities aimed at organizing work to achieve collective

goals (Marks et al. 2001). These individual socio-psychological processes can manifest

as group, subunit, and organizational phenomena and are reflected in models of organi-

zational behavior (Kozlowski and Klein 2000).

Historically, team processes have been categorized as either task work or teamwork.

Essentially, taskwork refers to the functions that individuals perform to accomplish the

team’s task, while teamwork refers to the interactions between team members (Mathieu

et al. 2008). Further, “taskwork communication involves exchanging task-related infor-

mation and developing team solutions to problems. Teamwork communication focuses

on establishing patterns of interaction and enhancing their quality” (Kozlowski and Bell

2012).

In their original 2003 review, Kozlowski et al. identified three broad, observable

process mechanisms that influence team effectiveness: (a) coordination, (b) cooperation

and (c) communication. They differ in that coordination involves a temporal component

that is not an essential part of cooperation or collaboration, and that communication is

a means of enabling coordination or cooperation (Kozlowski and Bell 2012).

These three main mechanisms play a central role in this dissertation’s investigation of

individual interaction patterns. Above all, the flow of communication within the group

proved to have a major impact on the success of the team and its predictability (Müller

et al. 2020). In turn, the patterns showing how mutual support took place in the team

proved to be suitable for representing the success and thus the result of the coordination

measures (Müller et al. 2023).

2.3 Input factor: Organizational

“Organizations are multilevel systems”. This axiom, which can be considered as the

foundation of “virtually all contemporary theories of organizational behavior” (Ko-

zlowski and Klein 2000), is of great importance in understanding how human collab-

oration works. The system is divided into organizational, group, and individual levels,

with each level falling under the purview of different disciplines, theories, and approaches

(Kozlowski and Klein 2000). In their updated review of working groups and organiza-

tions Kozlowski and Bell summarize: “Teams don’t behave, individuals do; but they do

so in ways that create team-level phenomena. Individuals are nested within teams, and

teams in turn are linked to and nested in a larger multilevel system. This hierarchical

7



Chapter 2 Intra-team dynamics and team performance

nesting and coupling, which is characteristic of organizational systems, necessitates the

use of multiple levels — individual, team, and the higher level context” (Kozlowski and

Bell 2012). Figure 2.2 depicts the multi-level approach proposed by Scott-Young et al.

that simultaneously considers all three nested levels of functioning: Micro (individual),

Meso (team and project), and Macro (organization).

Organisation

Member

Input factors

Team

Individual

Figure 2.2: Illustration of input factors from multi-level systems model in work teams

proposed by Scott-Young et al. 2019

Kozlowski and Klein 2000 go on to conclude that this broader system imposes top-

down constraints on how well teams perform. At the same time, team reactions are

complex bottom-up phenomena that emerge over time from individual perceptions, af-

fect, behavior, and interactions among members in the team context.

In the context of this dissertation, the organizational perspective, which in this model

is hierarchically subordinate to the team perspective, plays only a minor role. This is

due to the limitations of the research environment used rather than the lack of relevance.

In our applied virtual research environment, collaboration between individuals plays a

critical role at the team level, while collaboration and interdependence between groups

is more peripheral.

2.4 Input factor: Team

The most frequently studied input level, and the focus of this dissertation, is that of

teams or groups. They are the vital link between individuals and organizations (Math-

ieu et al. 2017). Therefore, researchers refer to teams as the central building blocks of

organizations, embedded in an open but bounded system of multiple, nested levels (Ko-

zlowski and Bell 2012). Systematic research in this area goes back at least as far as the

Hawthorne studies of the 1920’s and 1930’s. From the 1990s to the present, the scope

8



2.4 Input factor: Team

of research and the types of topics addressed by the research on groups have expanded

significantly. During this period, the focus shifted from individuals within teams or

comparisons between individuals to a focus on the team itself and larger team systems

(Mathieu et al. 2017).

Over time, various definitions of work groups or teams have emerged.1 An established

definition is that of Kozlowski and Bell 2012. According to them, work teams and

groups are defined by the collection of the following characteristics: They (a) consist of

two or more individuals, (b) who exist to perform organizationally relevant tasks, (c)

share one or more common goals, (d) have task interdependencies (i.e., workflow, goals,

knowledge, and performance), (e) interact socially (face-to-face, virtually), (f) maintain

and manage boundaries, and (g) are embedded in an organizational context that sets

boundaries, constrains to the team, and influences interactions with other units in the

larger entity. These individual points are discussed in more detail below.

2.4.1 Membership and team size

Teams vary greatly in nature, depending on the number of members (Caplow 1957). It

is therefore impossible to examine the membership and the size of the team separately.

This creates a compelling need to account for variable team size when designing a study

dealing with teams or groups (Kozlowski and Klein 2000). Two appropriate options here

are to include team size as a control variable or to compare only groups of similar size.

This is especially important because small groups and large groups have very different

characteristics, strengths, and weaknesses (Slater 1958). Larger teams, for example, draw

on more resources such as time, energy, money, and expertise that can facilitate team

performance on more difficult tasks (Hill 1982). They also tend to survive longer (Gist

et al. 1987). Other researchers have clearly shown that larger teams tend to be more

dysfunctional than smaller teams. Further they found differences in leadership patterns,

conflict resolution, and engagement across teams of different sizes (Pearce and Barkus

2004; Slater 1958; Gist et al. 1987). Due to these existing trade-offs, the prevailing

opinion in the literature is that it is impossible to define the one optimal team size, as

it always depends on the appropriate type and purpose of the team (Pearce and Barkus

2004).

In the context of this work, the wide variety of group sizes in the already existing

dataset posed a major challenge. It included group sizes ranging from 2 members (very

small teams) to 60 members (large teams), representing the full range normally used

in team research (Müller et al. 2023). Thus, it became apparent that the possibility of

using group size as a control variable quickly reached its limits. In contrast, combining

groups of similar size and sub-datasets proved to be more helpful. However, it should be

noted that data point sizes were often very small, limiting the ability to perform some

1. While these two terms were initially used differently, in recent years the consensus has developed

to use these two terms symonymously (Sundstrom et al. 2000; Mathieu et al. 2017).
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types of analysis.

2.4.2 Performing tasks

“Teams exist to perform tasks” (Mathieu et al. 2008). This simple statement, combined

with the fact that the performance of these tasks must be important to the organization,

lays the foundation for the raison d’être of any workgroup. The nature of these tasks

varies widely, depending on the goals of the group (Hackman and Walton 1985). One of

the most important classifications in the literature of organizational behavior is that of

creative tasks versus routine tasks (Mathieu et al. 2017). This distinction is important

because there is evidence that task heterogeneity in work teams is more desirable in the

creative environment of project teams than in the routine environment (Stewart 2006).

An extended classification of team tasks comes from Sundstrom et al. 2000, who lists

several categories, including:

• Generating solutions versus Executing action plans (McGrath 1984)

• Technical versus Interpersonal demands (Herold 1978)

• Difficulty (Shaw 1981)

• Number of desired outcomes and trade-offs between them (Campbell 1988)

• Intermember communications (Naylor and Dickinson 1969)

• Fulfilling coordination requirements (Nieva et al. 1983)

• Task divisibility (Steiner 1972)

• Subtask demands (Roby and Lanzetta 1958)

Keeping these different dimensions in mind is important because maximizing the com-

bination of capabilities of group members as a whole is a key leadership task and central

to maximizing the performance of the group (Zajonc and Smoke 1959).

In the context of this dissertation, there are a number of standardized tasks that must

be completed by study participants (players). In addition, there are a number of game

specific tasks that relate to communication, as well as leadership and coordination of

the group. Participants in the MMOG environment are free to perform these tasks as

desired. In the same way, the groups can decide for themselves how to distribute the

pre-defined tasks among themselves.

2.4.3 Shared goals

The role that shared goals play in the formation of a group can best be understood by

looking at the stages of Tuckman’s theoretical model of team development (Tuckman

1965). The idea behind this is that a group’s efforts to create a structure to govern
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its interpersonal interactions are motivated by progress toward the goal (Kozlowski and

Bell 2012). Tuckman describes this in terms that goal setting can be seen as a phase in

which the group unites and is characterized by a common goal and group spirit (Tuckman

1965). In the theoretical model of the team life cycle, this is reflected in the goal-setting

phase, which involves clarifying the team’s goals (general and specific), defining subtasks,

and establishing schedules (Sundstrom et al. 1990).

In the research environment of this thesis, goals also play a central role in forming

alliances. On the one hand, groups protect their members from external threats (espe-

cially other groups and individuals); on the other hand, the game environment specifies

goals and tasks that can only be achieved collectively.

2.4.4 Task interdependence

A key characteristic of a team is that its members have different skills. Especially when

executing the more demanding, non-routine tasks, the combination and coordination of

these skills is one of the most important prerequisites for mastering complex tasks. A

central assumption is that the individual contributions of the specialized team members

(accomplished tasks) cannot be performed in parallel or independently of each other

(Sundstrom et al. 2000). This interdependence of group members distinguishes a collec-

tion of individuals from a work group. Therefore, scholars note that the “recognition of

the central importance of the team workflow, and the task interdependence it entails, to

team structure and process is a [...] key characteristic of the organizational perspective

on work groups and teams” (Kozlowski and Bell 2012).

In the MMOG research environment, which is the data base for this work, there are

a number of clearly defined tasks to be performed by each participant. In principle, the

tasks that the participants have to accomplish are the same for all of the participants.

However, each participant has the opportunity to specialize in the tasks that best suit

his or her personality and preferences. This results in a specialization and thus a task-

related dependence of the individual group members on each other. Coordinating these

well is ultimately the job of the leaders of each team.

2.4.5 Social interaction and virtuality

The social interaction among team members is an important feature of teams, as norma-

tive expectations, shared perceptions, and compatible knowledge emerge and are created

through them (Kozlowski and Bell 2012). Conversely, the interactions between members

of a work team are significantly influenced by the resulting workflow structures that link

individual contributions, outcomes, and goals (Steiner 1972). McGrath 1984 summarizes

this dual relationship as follows: “The group interaction process itself is both the result

of these shaping forces and the source of some additional forces”.

Interactions can occur in a variety of ways. Kozlowski and Bell 2012 define three types

of interactions that are of particular relevant in the context of this work: (a) determining
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the flow of activities, (b) exchange activities, and (c) communication (Kozlowski and Bell

2012).

Communication plays a central role here, as it can take place both virtually and in per-

son. This is especially important since team virtuality plays a crucial role in the context

of this dissertation. While traditional organizational research has generally assumed that

members interact in direct face-to-face exchanges, technological developments in recent

years have significantly changed this.

To better distinguish these new types of collaboration (especially virtual team collab-

oration) from traditional ways of working, Bell and Kozlowski 2002 developed a frame-

work. The core of this classification that is (a) spatial distance and (b) information,

data, and personal communication is shown in Figure 2.3.

Conventional TeamsVirtual Teams

Spatial Distance Spatial DistanceCommunication Communication

Distributed Proximal Face-to-FaceTechnologically
Mediated

Figure 2.3: Characteristics that differentiate virtual teams from conventional teams

taken from Bell and Kozlowski 2002

With this theoretical background, the research environment used for this thesis can

be classified as a virtual environment.

2.4.6 Team boundaries

Team boundaries are essential to the team formation process for a variety of reasons. The

most important aspect is that from an ecological perspective, boundaries both separate

and connect work teams within their organizations (Sundstrom et al. 2000). Further,

clarity and stability of boundaries play an important role in distinguishing members from

non-members and in defining the scope of a team (Wageman et al. 2012). Sundstrom

et al. 2000 state that “group boundaries are difficult to describe concisely, because they

subsume so many aspects of the relationship of group and organization”. Therefore,

they propose the definition that boundaries (a) differentiate a work unit from others

(Cherns 1976), (b) pose real or symbolic barriers to access or transfer of informarion,

goods, or people (Katz 1978), (c) serve as points of external exchange with other teams,

customers, peers, competitors, or other entities (Friedlander 1987).

Alderfer notes that boundaries are, at least in part, a definition of how a group must

operate in its context in order to be effective. If the boundary is too open or unclear,

the team runs the risk of becoming overwhelmed and losing its identity (Alderfer 1987).
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Boundaries help define what constitutes team effectiveness in a particular context (Sund-

strom et al. 2000). Finally, boundaries are essential for research in teams because they

often change their composition over time for a variety of reasons (Mathieu et al. 2017).

This can include changes in team size as well as in member characteristics.

In the context of this work, boundaries play a crucial role as they allow us to capture

the individuals involved as they interact within the alliances. Two key challenges play a

role in this: One is the fact that team members can join or leave an alliance at any time.

Second, for reasons of practicality, data must be aggregated over specific time periods.

These two aspects imply that the observed groups are not stable in their composition

(no clear demarcation), resulting in smaller - but not negligible - biasing effects.

2.4.7 Organizational context

A final characteristic of work teams is that they do not operate in isolation, but that

the context (organizational ecosystem) in which they operate plays a formative role. In

this sense, Sundstrom et al. write: “Besides doing its task, a work team has to satisfy

requirements of the larger system and maintain enough independence to perform spe-

cialized functions (Berrien 1983). So one key aspect of the group-organization boundary

is integration into the larger system” (Sundstrom et al. 2000).

This larger system is characterized by a number of dimensions. In their ecological

framework for the analysis of work team effectiveness, they specify the following elements

that shape such an organizational context:

• Organizational Culture

• Task design/technology

• Mission clarity

• Autonomy

• Performance feedback

• Reward/recognition

• Training & consultation

• Physical environment

Within the game environment, which is the basis of this work, there are always clusters

of alliances, which form so-called meta-alliances. In absolute terms, however, this is the

exception rather than the rule and therefore only represents a marginal aspect. In terms

of how they are organized, most teams operate completely independently. Thus, the

framework conditions described here and the integration into higher-level organizational

structures do not play a relevant role in the data used here.
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2.5 Input factor: Individual

When it comes to the role of individuals in organizations, scholars distinguish between

the micro and macro perspectives. The macro perspective is rooted in its origins in the

sociological sciences. “It assumes that there are substantial regularities in social behav-

ior that transcend the apparent differences among social actors. Given a particular set

of situational constraints and demographics, people will behave similar” (Kozlowski and

Klein 2000). It is therefore possible to focus on aggregate responses and ignore individ-

ual differences. The micro-perspective, on the other hand, is rooted in psychology. “It

assumes that there are variations in individual behavior, and that a focus on aggregates

will mask important individual differences that are meaningful in their own right” (Ko-

zlowski and Klein 2000). The focus, therefore, is on the variations in individual traits

that affect the responses of individuals.

The levels approach creates a more integrated view by combining micro and macro

perspectives. In this context, House et al. 1995 suggest the term meso to capture this

alternative perspective.

Another question that a theoretical multilevel model needs to address is how the

phenomena at the different levels are related to each other. These connections can be

made from top down or from bottom up. Kozlowski and Klein 2000 point out that a

variety of the theories will include both top-down and bottom-up processes:

(1) Top-down processes: Each level of an organizational system has a higher-level con-

text, or is part of a higher-level context. Top-down processes show how higher contextual

factors influence lower levels of the system.

(2) Bottom-up processes: Many organizational phenomena have their theoretical ori-

gins in how individuals perceive, affect, behave, and act. Through social interaction,

exchange, and reinforcement those emergent properties manifest at higher levels.

The data set that was used for this thesis contained almost no data at the individual

level. Only the interactions between individuals were available. Demographic or psycho-

logical profiles of individual actors were not available at all. For this reason, the analyses

of this dissertation were primarily focused on the macro view. Bottom-up processes have

also been studied. Network analysis proved to be an excellent tool for this purpose. This

is explained in more detail in the following chapter.
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Chapter 3

Organizational Network Analysis

3.1 Social Network Analysis (SNA): An alternative approach

toward understanding team processes and success

Beginning with early work by authors such as Stogdill and Shartle 1948, Bavelas 1950,

or Shaw 1955, researchers started to explore the potential of the emerging field of social

network analysis (SNA) to learn more about how work groups function and succeed.

Since these early days, interest in the application of SNA to team research has grown

consistently. To illustrate this, Figure 3.1 shows how the number of publications in this

area has developed in past years.

Building on this rapidly growing body of research, a number of metastudies (Mullen

et al. 1991; Balkundi and Harrison 2006; Burke et al. 2006; Wang et al. 2014; Nicolaides

et al. 2014; D’Innocenzo et al. 2016) and conceptual reviews (Krackhardt and Hanson

1993; Monge and Contractor 2003; Borgatti and Foster 2003; Carter et al. 2015; J. Zhu

et al. 2018) have demonstrated that network structures have a significant influence on

the functioning and success of teams.

The initial conceptional idea behind the SNA approach is that “actors, whether they

are individuals, groups, or organizations, do not exist in isolation. Rather, individuals

are embedded in networks of relationships that likely affect important outcomes” (Brass

2018). “In particular, social network structures, or the patterns of informal connections

(ties) among individuals, can have important implications for teams because they have

the potential to facilitate and constrain the flow of resources between and within teams”

(Balkundi and Harrison 2006).

The social network approach offers a number of advantages to traditional approaches

of analysis. Cross and Parker 2004 for example point out that researchers focusing on

the informal social contexts (i.e. social networks) can examine “how work really gets

done in organizations” because those informal networks tend to shadow formal required

interactions (Brass 2011).

Technically, research on teams has focused on a set of network indices that are sup-

posed to reflect important group characteristics affecting performance. A special role

thereby play, the three most frequently used network indices: (1) node centrality, (2)

network density, and (3) network centralization (Grosser et al. 2019).
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Figure 3.1: Publications in social network research on team performance: Key-

word search in Scopus covering the period from 1964 to 2023, using the

keywords: network, team or group, and performance or effictiveness from

the domains social science, psychology and business.

The most popular network measure, applied in 26.9% of the studies, is centrality,

“with indegree centrality being the specific measure most often examined” (Grosser

et al. 2019). In summary, research has found that team members with high indegree

centrality (e.g., in advice networks) tend to have higher levels of individual performance

(Sparrowe et al. 2001). Furthermore, a meta-analysis has shown that “centrality of a

team’s formal leader in a team’s informal social network is positively associated with

team task performance” (Balkundi and Harrison 2006). Others have found that central

team members (indegree) who show high levels of helping behavior are associated with

better team processes and higher team performance (Li et al. 2015). However, several

findings also show that a high indegree centrality in negative tie networks leads to a

reduction in the influence and acceptance of a leader and thus indirectly causes a negative

effect on group performance (Chiu et al. 2017; Balkundi et al. 2011).

The network feature with the second highest popularity in network-based team stud-

ies (17.9%) is density (Grosser et al. 2019). Again, meta-analytic results indicate that

network density is in general positively related to team performance (Balkundi and Har-

rison 2006). Tie content plays an important role in the effect of density. While the

density of positive ties (e.g., advice, communication, friendship, or workflow) is gener-
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ally regarded as having a positive effect on performance (Balkundi and Harrison 2006;

Cross et al. 2008), negative ties (e.g., avoidance, obstruction, or hostility) are associated

with a negative effect on team outcomes (Sparrowe et al. 2001; Chiu et al. 2017). Cross

et al. 2008 therefore conclude that “from a pure performance perspective, strength-

ening networks isn’t about simply increasing interactions; it’s a product of increasing

productive interactions and reducing unproductive ones”. These general principles are

contrasted with some exceptions. One such example is that a high level of social rela-

tionships in work groups (group cohesion) can lead to a certain degree of insularity, as

members of densely networked teams are less inclined to seek knowledge from external

sources (Oh et al. 2004). Such effects then in turn tend to have a negative influence on

group outcomes. Finally, leadership plays an increasingly important role when it comes

to dense relationships in teams. For example, Zhang and Peterson 2011 found that the

team leader’s transformational leadership exerts a significant effect on team density in

advice networks. This mediation mechanism in turn positively influences the team’s

performance.

Although with 7.9% of the published studies (Grosser et al. 2019) the network measure

centralization plays an important role, the results of the numerous works are notably

contradictory. The reason for the varying effects of centralization on team performance

seems to have its origin in the different nature of the ties. Researchers have therefore

opted to use multilevel models to combine and explore how each level may relate to each

other (Monge and Contractor 2003). Further, it appears that team member turnover,

team composition, knowledge distribution, and situational demands factors seem to in-

fluence this relationship (Grosser et al. 2019). Therefore, the results of the mentioned

studies are more consistent when considering the influence of the centralization of the

network as that of a moderator. An interesting example of this is the role of generalists.

Huang and Cummings 2011 compared the performance of teams composed of general-

ists (i.e., having the same broad knowledge) with the performance of teams that had

unique knowledge distributed among specialists. They found that in teams composed of

specialists, performance was higher in the case of decentralized networks. In the case of

teams consisting of generalists, however, the degree of network centralization had almost

no influence on team performance.

3.2 Structural patterns in the study of leadership and elites

The idea of what it means to lead a group or an organization has constantly changed

in past years. In their conceptual review about the evolution of leadership research,

Lord et al. 2017 identify various waves. Initial areas of interest were general leadership

problems and the personality of the leader. In particular, analyses were carried out

to determine whether certain groups of characteristics are associated with leadership

qualities (Flemming 1935). Other researchers focused on intelligence and individual

differences. Of particular note here is the work of Terman 1916, who was the developer
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of the Stanford-Binet intelligence test, which was used to test officers in the Army Alpha

project. Based on this, procedures were developed to classify personnel and define

leadership duties as well as responsibilities for various positions (Lord et al. 2017).

An important shift in focus was introduced by Stogdill and Shartle 1948, who proclaim

that “leadership is not a unitary human trait, but is rather a function of a complex of

individual, group, and organizational factors in interaction”. They further argue that

“leadership must, therefore, be studied as a relationship between persons” (Stogdill

and Shartle 1948). This expanded view is reflected in Yukl’s leadership model, which

considers the reciprocal effects of leader and follower behavior (Yukl 2012a). The model

also takes into account the character traits of both the leader and the followers, as well as

the context in which the leadership takes place. Figure 3.2 illustrates these relationships

by means of a slightly modified model.

leader behaviors follower
behaviors

leader 
characteristics

follower 
characteristics

shared
goals

context or
situational
variables

Figure 3.2: Causal relationships among the primary types of leadership variables -

adopted model by Drath et al. 2008

This alternative view increasingly put in the spotlight on what leaders do instead of

who they are (Lord et al. 2017). As a consequence, this raised the question of what should

be the specific tasks that leaders should perform. Cullen-Lester et al. 2017, for instance,

consider it as an important aspect of leaders’ tasks “to understand, leverage, and modify

the structures of relationships surrounding themselves and connecting members of the

groups they lead in order to meet organizational needs”.

It was this more contextual approach that brought social network analysis into play in

the study of leadership. The idea behind this “network perspective” is that the traces of

the activities performed by leaders and their followers (social ties) can be found as unique

patterns in the team (leadership) networks (Carter et al. 2015). In turn, leadership ties

shape social ties. White et al. 2016 therefore point out that “it is important to recognize

that leadership influence and [social] ties are unlikely to occur independently of each

other”. To better illustrate this interdependence, the theoretical framework introduced
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by Carter et al. 2015 on “Leadership in and as Networks” is quite helpful.”

"Leadership" tie

"Social" tie

Person BPerson A

Area 3: "Leadership in and as Networks"

Area 2: "Leadership as Networks"

Area 1: "Leadership in Networks"

"Leadership" tie
Person BPerson A

(e.g., communication, 
advice, friendship)

"Social" tie

Person BPerson A
LEADER

Figure 3.3: Framework by Carter et al. 2015: The role of dyadic building blocks of

networks in leadership emergence.

With this structural approach they offer a “distinction between research that positions

social network ties in the foreground, using them to explain individuals’ emergence and

effectiveness as leaders, and research that positions leadership network ties (distinct from

other social network ties) in the foreground to understand leadership network emergence

and effectiveness” (Carter et al. 2015).

Given this theoretical background, the question arises which specific structural pat-

terns can be best applied to identify leadership influence. A look at the SNA-based

leadership literature shows that the most extensive body of research deals with leader’s

centrality, followed by the concept of shared leadership (Balkundi and Harrison 2006;

Grosser et al. 2019). Another promising, but far from popular, approach to identify

leadership in teams is that of core-periphery structures (Borgatti and Everett 1999).

According to Yukl 2012b, one way to approach the construct of leadership is to con-

ceptualize it in terms of influence. Following this approach, a leader’s influence within

their organization can be best represented through the concept of centrality. Brass 1984

notes in this regard that actors “occupying central positions in a network are viewed as

potentially powerful because of their greater access to and possible control over relevant

resources”. Further, several scholars have demonstrated that taking central positions

in social networks predicts later occupancy of a formal leadership position (Collier and
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Kraut 2012; Parker and Welch 2013; Cullen-Lester et al. 2017). In addition, research

has shown that it is related to group effectiveness (Mehra et al. 2006; Balkundi and

Harrison 2006). A variety of ways of measuring centrality have emerged. The three

most prominent metrics are: (1) degree, (2) betweenness centrality, and (3) closeness

centrality (Brass 1984).

“Degree centrality refers to the number of links that a person has with other members

of the group” (Mayo et al. 2003). This individual level information about an actor is

of particular importance because “central positions are often associated with power and

influence” (Brass and Burkhardt 1992). Betweenness was introduced by Freeman 1979

and “refers to the extent to which a point falls between pairs of other points on the

shortest path connecting them” (Brass 1984). The betweenness of a point measures the

extent to which an actor (broker) has potential control over others (Burt 1992). The

third measure closeness, “is generally calculated by summing the length of the shortest

paths from one point to all other points” (Brass 1984). This degree of proximity can be

conceptualized as the extent to which an actor can avoid control by others (independence)

or the extent to which an actor can reach all other actors in the shortest number of steps

(efficiency) (Freeman 1979).

The leadership concept that was studied second most is that of shared leadership. In-

troduced by Pearce and Conger 2003b it argues that “leadership is an activity that can

be shared or distributed among members of a group or organization” (Pearce and Con-

ger 2003b). In their network-based approach, Mayo et al. 2003 recommend combining

the two network indices centralization and density. This combination in which “dense

networks imply greater numbers of interactions among members of the network [and]

centralization refers to the degree to which all members of the network are unequally

central in the network” (Mayo et al. 2003) allows a classification into four different levels

of shared and vertical leadership (see Fig. 3.4).

Quadrant I is characterized by low density and high decentralization (low centraliza-

tion). The resulting low shared leadership is characterized by an egalitarian exercise of

influence at a low level.

Quadrant II represents the highest level of shared leadership. Here, both a high density

and a high degree of decentralization can be observed. Mayo et al. 2003 note that in

this case “team members attribute high influence to one another in an egalitarian way

and perceive high degrees of power and influence in the team”.

Quadrant III represents low levels of density and decentralization. This reflects the

interesting case where no leadership is exercised at all within a team and members work

independently without coordination.

Quadrant IV with high density and low degree of decentralization (high centralization)

represents strong leadership in a very hierarchical way.

The model of distributed leadership presented here has been further developed in

several areas. Contractor et al. 2012, for example, extended this model by offering a

topology for the pattern or form of distributed leadership. Furthermore, some recent
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Figure 3.4: Classification by Mayo et al. 2003: Degrees of shared and vertical lead-

ership

meta-studies have recommended the use of the underlying methodology (Nicolaides et

al. 2014; Wang et al. 2014; D’Innocenzo et al. 2016). In particular, some were able

to show that “both network density and (de)centralization approaches to the study of

shared leadership–performance relations exhibited significant and higher effect sizes than

did the aggregation-based studies” (D’Innocenzo et al. 2016).

Beyond that there are also important criticisms of the concept. Some scholars, for

example, have warned to ignore formal leaders in studies of shared leadership (Pearce

et al. 2008; Hernandez et al. 2011). Others point out that in the case of low network

centralization scores, the results could refer to two competing situations (J. Zhu et

al. 2018). This contradiction arises from the fact that while a decentralized network

may not have a unique leader, this does not automatically mean that leadership is

shared across the team (D’Innocenzo et al. 2016).

A relatively new approach is the study leadership in core-periphery organizations

(Hoppe and Reinelt 2010; Brass 2011; Carter et al. 2015). This concept is based on the

intuitive notion that groups consist of a dense, connected core and a sparse, disconnected

periphery (Borgatti and Everett 1999). In combination with the idea that “leadership

broadly distributed among a set of individuals instead of centralized in hands of a single

individual who acts in the role of a superior” (Pearce and Conger 2003b), the study

of this densely connected core offers various new opportunities for the exploration of

leadership dynamics. To formalize this intuitive concept, Borgatti and Everett 1999

developed a set of algorithms that are able to identify the underlying core/periphery
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structures. Another concept that allows to divide a group into a cohesive core and

the periphery is that of the k-core. This concept was introduced by Seidman 1983

and bases to the idea that “a k-core is a subgraph in which every actor has degree k

or more with the other actors within the subgraph” (Borgatti et al. 2018). Based on

these formalizations, groups can now be divided into “a group of people in positions

of influence within an organization” (Collier 2012) (elite subgroup) and the periphery

of less influential but possibly skilled actors (e.g., potential specialists). In this regard,

Cross et al. 2002 see it as the job of leaders to integrate underutilized experts who are

on the periphery of the network by helping them make the connections they need to be

effective. “In reality, both clique and core-periphery structures exist, and in combination,

they look a lot like organizational charts with an elite, central core of high-level managers

and the peripheral actors grouped together in functional, clique-like departments with

few connections across departments” (Brass 2018). The possibility of mapping reality,

through core-periphery structures, therefore offers an opportunity to better understand

and utilize collective leadership.

3.3 Interaction networks: Informal connections and what they

are able to unveil

When it comes to understand what is really going on in organizations or teams, the

potentials of informal interaction networks come into play. In their book, Cross and

Parker 2004 present “the hidden power of social networks” and discuss how they can

be applied to make invisible work visible. Further, the describe the principles by which

these interaction networks influence teams’ performance. In particular, they highlight

the benefits that organizational leaders can derive from using Social Network Analysis.

In this regard, they note: “Getting an accurate view of a network helps with managerial

decision making and informs targeted efforts to promote effective collaboration. Rather

than leave the inner workings of a network to chance, executives can leverage the insights

of a social network analysis to address critical disconnects or rigidities in networks and

create a sense-and-respond capability deep within the organisation” (Cross and Parker

2004).

When it comes to how organizations can benefit from this potential, they can draw

on the findings of many years of research. A number of research streams dealing with

different types of networks have emerged over the past decades. Actors within these

networks may be connected in various ways, such as through communication, giving

or receiving advice, or through the flow of resources such as information or money

(Borgatti et al. 2009; Brass 2018). From the popularity point of view, the most studied

tie contents in organizational research are: communication (16.5%), advice (15.8%),

workflow (13.3%), and friendship (9.0%) (Grosser et al. 2019)1. Leadership relationships

1. Based on a sample of 492 journal articles from network-based team research over the past 25 years
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are also a frequently studied tie content (Sparrowe 2014). This type of tie is primarily

intended to map influence relationships between social actors, as these are “at the core

of the leadership process” (Mayo et al. 2003). Some scholars go so far as to say that

already the network of relationships itself can be regarded as a form of leadership (Carter

and Dechurch 2012; Contractor et al. 2012; Friedrich et al. 2016).

When it comes to the impact of the network relationships, the type of the connection

plays a decisive role. Both positive networks (e.g., friendship or advice networks) and

negative networks (e.g., avoidance or hindrance networks) have an influence here. Chiu

et al. 2017 found out that “managers who are central in the advice network are socially

powerful and are seen as leaders by individual followers. In contrast, managers who

are avoided by followers lack informal social power are not seen as leaders.” White et

al. 2016 therefore note that informal networks “can serve to support an organization

and provide additional backstage support to formal leadership relations; however, they

can also undermine the authority of formal leaders if the two are disconnected”. Thus,

Jokisaari 2016 concludes that from the social network perspective “leaders’ ability to

acquire resources depends on not only their formal position but also their informal

relations within and outside the organization”.

Another important tie content is communication. “Communication networks serve as

an effective model of teams exchanging information over telecommunication systems, of

computer-mediated communication systems, and of hierarchically structured organiza-

tions” (Mullen et al. 1991). This is of particular importance because various relational

theories have described the leadership relationships as socially constructed through the

exchange of communication (Hosking 1988; Dachler and Hosking 1995; Uhl-Bien 2006;

Drath et al. 2008; DeRue and Ashford 2010; Cullen-Lester et al. 2017). Especially for il-

lustrating shared leadership, communication is of great importance. Friedrich et al. 2016,

for example, “describe [communication] as a “prerequisite” for understanding the prob-

lem that the team is facing, defining shared goals, understanding where the relevant

expertise lies in the network, and sharing the leadership role.”

Whereas communication networks are primarily concerned with transferring informa-

tion, support networks involve exchanging resources. This exchange of resources can

take the form of the transfer of tangible goods (e.g. raw materials or money) as well as

intangible goods (e.g. advice or friendship). However, the primary focus of support net-

works is the interpersonal relationships developed through the exchange of resources. In

a recent review of the networking literature, this exchange was identified as a key mech-

anism by which networking behaviors enable individuals to achieve effective outcomes

(Porter and Woo 2015; Cullen-Lester et al. 2017).

The bottom line is that you can only understand what’s happening in teams by looking

at how the individual members interact with one another. The social network perspective

enables these insights and therefore makes it possible to better understand teams and

how they work together.
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Chapter 4

Research in the Travian universe: history,
game description and data collection

4.1 The history of MMOGs as research environments

The first papers exploiting the potential of MMOGs as research environments were pub-

lished in the early 2000s. In these early years, especially researchers from the disciplines

of computer science, engineering, mathematics, and social sciences were engaged in the

exploration of these newly emerging virtual worlds. Most of this work was presented at

computer science conferences (e.g., ACM International Conference, Conference on Hu-

man Factors in Computing Systems, IEEE Global Telecommunications Conference)1.

But also some influential textbooks were published at this time. In 2005, Castronova

published his landmark book, which primarily describes his own research experiences

from EverQuest (Castronova 2005). Moreover, he describes in depth the nature of these

virtual worlds and the players who populate them. Other researchers, in turn, focused

their work on what constitutes a gamer and how they differ from non-gamers (Beck

and Wade 2004). The virtual worlds that researchers mostly studied in the early era

were Ultima Online, Everquest, Lineage, Second Life, Dark Age of Camelot, and Star

Wars Galaxies (Castronova 2005). Later research focused on games like World of War-

craft, Everquest II, Eve Online, Travian, or Pardus (Yee 2006; Assmann et al. 2010b;

Ducheneaut 2010; Wigand 2018).

As we can see in Figure 4.1, after the turn of the millennium, research in the MMOG

field quickly gained in popularity. Leading scholars predicted a bright future for the

research. For example, Bainbridge wrote in a Science article that “for at least a decade,

experimentalists in the social and economic sciences have looked to the Internet as a

mean of expanding the scope of their research, and virtual worlds may finally turn hopes

into opportunities” (Bainbridge 2007). However, it quickly became apparent that the

high expectations the research community had for the new research environment were

not being fulfilled as expected. Following the high point of the research in 2012, interest

increasingly waned.

The reason for this was that during this initial euphoria, it became clear that these

1. Information based on a Scopus search using the keyword ”MMOG”
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Figure 4.1: Publications in MMOGs: Keyword search in Scopus covering the period

from 2002 to 2022, using the keyword: MMOG from the domains computer

science, engineering, social science, mathematics, arts and humanities, psy-

chology, business, decision sciences, and economics.

new research environments also brought with them a number of challenges. Of particular

note here is the handling of large amounts of data, but also the diversity of the individual

virtual universes. In addition to the very limited accessibility and availability of the game

data, these aspects prevented the major breakthrough. However, a look at the data on

the number of newly published studies also shows that, despite everything, MMOGs have

established themselves as research environments. While they have not been a revolution

in research, they have certainly been an opening of new avenues for researchers.

4.2 Research in the Travian universe

While games such as World of Warcraft, Eve Online or Everquest II were used in the

first phase of MMOG-based research, Travian gained increasing popularity from 2008

onwards. Based on data sets officially provided by the operator Travian Games, a total

of about 25 studies have been published to date. The work was carried out as part

of a series of research projects by various groups of researchers. The first works, from

2008 to 2012, deal primarily with the culture, conflicts, and general dynamics of online
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communities (Assmann et al. 2009; Gallenkamp et al. 2011; Riedl et al. 2012). A central

role was also played by the possibilities of MMOGs as novel research environments

(Assmann et al. 2010a). The research on trust and its influence on team success in

Travian’s virtual teams has established itself as the research focus with probably the most

significant results. A whole series of publications were published on this topic between

2009 and 2014 (Picot et al. 2009; Korsgaard et al. 2010; Drescher 2014). Building on

this, another group of researchers began to explore the potential of player interactions

in more detail (Wigand et al. 2012). This brought the possibilities of social network

analysis into focus for the first time. The communication between the players became

an important issue (Hajibagheri et al. 2015). With the help of these interaction patterns

in the communication networks, it was possible to show how community structures

develop and what role they play in conflicts (Alvari et al. 2016; Hajibagheri et al. 2018).

They also examine how these patterns affect team performance (Wigand 2018). The

publications in this dissertation build on this previous research and include support

networks in addition to communication networks. These studies examine the extent to

which the patterns from the networks can be used to make predictions about team success

(Müller et al. 2020) and leadership structures (Müller et al. 2022). The use of machine

learning plays a central role here. The second central question of this thesis deals with

the question of whether the behavioral patterns observed in MMOG environments also

reflect the behavior of actors in the real world (Müller et al. 2023). A detailed overview

of the background and context of the game environment of Travian is provided in the

next section.

4.3 Introduction to the world of Travian

Originally released in 2004, Travian is a commercial browser-based MMOG. In 2009/10

- the period of the main data collection - Travian was one of the very few games that

could be played worldwide (52 countries) on dedicated national servers2. These were

operated in the respective national language. To date, more than 150 million players

have registered and participated in one or more rounds (Müller et al. 2023). This setting

provides a diverse user base, making it attractive for a variety of research applications,

including cross-cultural research (Assmann et al. 2010a).

The game is a real-time strategy game (RTS), in which the players’ mission is to build

an empire. Players begin as chieftains of their own villages. They must gather natural

resources, build armies, and grow their empire (Korsgaard et al. 2010). A major driving

force is expansion, which is achieved by conflicting and cooperating. Players achieve

this by improving their production capacities as well as building military units. Further,

troops can also be used to raid resources from other players (instead of producing). Con-

flicts in Travian can thus be divided into two categories: attacks and raids (Hajibagheri

2. https://www.travian.com/international
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et al. 2018). Each game cycle lasts about a year, during which players compete to be

the first alliance to build one of the wonders of the world.

Figure 4.2: Travian - game screenshots show different zoom levels (map, fields and vil-

lage) and final monument

In addition to upgrading one’s infrastructure, the most important aspect of the game is

being part of an alliance (Müller et al. 2020). Alliances have their own forum, chat room,

and in-game messaging system. “As in the real world, teamwork and negotiation skills

play a crucial role in game success” (Hajibagheri et al. 2018). The game environment

is highly competitive. Only a high level of cooperation will allow an alliance to survive

and achieve its goals. Alliance leaders are very much dependent on the contribution

of each member. As a result, there is a great deal of social pressure to take things

seriously and to invest a great deal of time (Müller et al. 2020). Players who do not

show a certain level of commitment and/or performance (e.g., growth rate) will not be

invited to join alliances or may even be dismissed. Because of this high social pressure,

few external incentives are required to have motivated participants for research with

the players (Assmann et al. 2010b). Thus, Wigand et al. conclude that “given these

characteristics of Travian, the virtual teams in Travian afford an excellent opportunity

to study various facets of virtual organizations” (Wigand et al. 2012).

The above-mentioned teams are the predominant way to get organized in Travian.

These teams, known in-game as alliances, can range from 2 to 60 players. Their existence

begins with the founder of the alliance, who invites the future members, grants them

privileges, and assigns them tasks. This formation process is shown schematically in the

figure 4.3.

Once an alliance has been established, it is subject to continuous change. The founder

of an alliance, acting alone or in conjunction with a leadership team, may invite addi-

tional members to join or dismiss them at any time. This means that over the course of

a game round (approximately 12 months), both the group size and the composition of a

team can change continuously. Groups in the game Travian should therefore always be

considered as a snapshot.

There are three main types of interaction between team members within alliances.

The most important form of interaction here is communication. This is a key part of the

game design and is central to the coordination and leadership of the group. In particular,

coordinated actions emerge from communicating with each other. A downstream form

of interaction can be seen as mutual support between team members. For this purpose,

resources are exchanged and mutual military support is provided.
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Figure 4.3: Alliances in Travian - schematic representation of the process of a foundation

taken from Müller et al. 2023

The interactions between the players described here can be aggregated in interaction

networks. The communication networks and support networks obtained in this way

subsequently formed the data basis for the questions investigated in this thesis. The

history of previous research and data collection is discussed in the next section.

4.4 The history of the raw data collection for the Travian

research project

The research cooperation between Travian Games GmbH and the two universities Ludwig-

Maximilians-Universität (LMU) and Technische Universität München (TUM) started in

2007 and was initiated by Prof. Philipp Sandner (PhD student at that time). It was

continued by Dr. Jakob Assmann and Prof. Markus Drescher (both PhD students at

that time) in cooperation with Prof. Arnold Picot, Prof. Audrey Korsgaard, and Prof.

Isabell Welpe.

During the first phase of the research cooperation, various surveys were conducted in

the online game Travian. The researchers were also provided with initial logfile data

from the game worlds. This first “proof-of-concept” phase served as a basis for the later

more extensive data collection.

In 2008, the first formal cooperation was established. Travian Games provided the

researchers with a dedicated game world for research purposes with a total of 20,000

inventory players. This game world (LMU Experimental Server) had no payment features

and could be manipulated by the researchers in various ways.

As part of the data collection of the experimental server, LMU and TUM was granted

access to 23 additional game worlds. This data collection period was one year. For this

purpose, copies of the regularly created backups (usually a snapshot at 2 o’clock) were

made available for download on a daily basis. Table 4.1 provides an overview of the
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different projects.

Table 4.1: A list of the data collections from the Travian research collaboration

Project Period Size Institution

AOM – Proof of Concept

(Assmann, Sandner)

2007 20 MB LMU

LMU Experimental Server

(Assmann, Drescher, Korsgaard)

2008/2009 80 GB LMU

International Data Collection

(Assmann, Drescher, Korsgaard)

2008/2009 900 GB LMU/TUM

DFG Data Collection

(Müller, Uhlemann)

2019 76 GB TUM

The archive log file data consists of three different types of data that can be classified

as follows: static, status, and interaction data. “Static data define constant parameters

that influence the game dynamics such as production rates. Status data yield information

on individuals or teams at a certain time such as the status of the infrastructure, team

membership, or team size. Finally, interaction data provide information on relational

actions between individuals or teams such as sending messages, resources, or troops”

(Drescher 2014).

For privacy reasons, the operator removed all personal information and communication

content before data transfer to the researchers. Furthermore, all players were informed

by the game operator that they were (anonymously) part of a scientific research project,

which they agreed to by acceptance of the general terms and conditions (Müller et

al. 2020).

4.5 Processing of the raw data

One challenge was the processing of the raw data provided by Travian Games. In order

to conduct scientific research and analysis on it, a number of processing steps were

necessary. The basic idea in processing the raw data was that every game action causes

at least one change in the data base (Drescher 2014).

In order to trace which transaction in the game results in which entry in the game

database (MySQL), Travian Games provided a documentation. With the help of this

documentation, it was possible to identify the columns and tables that are relevant to

the research project.

It was also necessary to decide how to deal with data that was missing or that was cor-

rupted. In addition, the researchers had to find solutions for handling of the sheer volume

of raw data that was initially cached on tape storage and external hard drives. During

the subsequent consolidation, a total of 7,271 backed up copies of the raw databases

were merged into 23 target databases. The resulting databases (organized by national
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game world) contained all transaction data generated during the data collection period.

Essentially the same principles were followed in processing data from the subsequent

data collection in 2019.

The result of this data consolidation was a total of 35 databases. Each database

contained extensive transaction data from the respective game worlds. The majority of

the data collected originates from the period of 2009/10 (23 + 1 databases) (Drescher

2014). This data set was supplemented by a smaller follow-up collection in 2019 (10

databases), which was primarily used for a verification study (Uhlemann 2023).

4.6 Overview of available data

The data collected in this way contains a variety of different types of information. In

line with Williams et al. 2011, the available log data can be divided into the following

categories (Bendeich 2014)3:

Static framework conditions and statistics: The following listing describes the

available database entries that contain framework conditions and statistics for the fol-

lowing features:

• a karte, a land & a truppen: This includes information on the construction and

upgrade costs of buildings, the location of villages, and the distribution of resource

fields for a village; it also contains information on the effectiveness of each troop

unit, its maintenance and training costs, and its training requirements

• a stats: Includes aggregated statistics, such as daily registrations, collected daily

during the course of the game

• s2 stats24 : Contains daily aggregated performance data relating to the group

strength, the inhabitants (represents the aggregated expansion level of all buildings

in a village), the attacks and the attacks fended off by a player

Status data: The following listing describes the available database entries that con-

tain the status data for the following features:

• x onlinezeit : When and for how long a player was online

• s allianz : Master information on alliances, in particular their date of foundation

and their name

• s ally member : Information about the members of the alliance and their autho-

rizations for the alliance

3. This overview describes the data preparation methods and is taken from an IDP report submitted

in 2014
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• s dorf & s dorfliste: Information about the current status of a village (the latter

contains additional information after conquests and further village foundations

from this village)

• s forschung1 & s forschung2 : Provide information about the expansion levels of

the troops and thus their defense or attack capabilities of a village during a battle

• s gebaeude: Provides information about which building is located on which build-

ing site and in what stage of expansion

• s truppen: Changed troop stages as a result of combat actions (see note on report-

ing tables for interaction data), training and other troop movements

• s spieler : Information on the player, in particular gender (if specified), can be

found in the tables s player, s details1, s details2 and s gold ; it also shows the

aggregated number of inhabitants across all of a player’s villages

• s vertretung : provides information about sitter entries over the course of the game

Interaction data: The following listing describes the available database entries that

contain the interaction data for the following features:

• s ally news & s ally diplo: Intra-alliance changes (new members, exclusions, exclu-

sions) and inter-alliance changes (conclusion of a non-aggression pact, declarations

of war, alliances)

• s ally offer : Information on invitations to join alliances

• s marktplatz : All trading offers for commodities

• x handel : The actual exchange of goods

• s nachrichten1 : Information about who has sent a message to whom and when,

and whether the recipient has read it

• x eroberungen: Who conquered which enemy village when

• x raid : Information on troop movements and associated attacks, raids, recon-

naissance operations (in combination with the tables: s berichte supportattacked,

s berichte support, s berichte battle, s berichte greetings, s berichte spy)
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Using Communication Networks to Predict Team Performance

in Massively Multiplayer Online Games

Authors

Siegfried Müller, Raji Ghawi and Jürgen Pfeffer

In

IEEE/ACM International Conference on Advances in Social Network Analysis and Min-

ing (ASONAM) 2020, pp. 353-360. DOI: https://doi.org/10.1109/ASONAM49781.2020.9381481

Abstract

Virtual teams are becoming increasingly important. Since they are digital in nature,

their “trace data” enable a broad set of new research opportunities. Online Games are

especially useful for studying social behavior patterns of collaborative teams. In our

study we used longitudinal data from the Massively Multiplayer Online Game (MMOG)

Travian collected over a 12-month period that included 4,753 teams with 18,056 individ-

uals and their communication networks. For predicting team performance, we selected

13 SNA-based attributes frequently used in team and leadership research. Using ma-

chine learning algorithms, the added explanatory power derived from the patterns of

the communication networks enabled us to achieve an adjusted R2 = 0.67 in the best

fitting performance prediction model and a prediction accuracy of up to 95.3% in the

classification of top performing teams.

Contribution of thesis author

Theoretical operationalization, iterative evaluation of computational implementation

and analysis, qualitative evaluation and contextualization, as well as manuscript writing,

revision, and editing.
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Identifying Power Elites in Massively Multiplayer Online Games

by Applying Machine Learning to Communication and Support

Networks

Authors

Siegfried Müller, Raji Ghawi and Jürgen Pfeffer

In

IEEE/ACM International Conference on Advances in Social Network Analysis and Min-

ing (ASONAM) 2022, pp. 277-284.

DOI: https://doi.org/10.1109/ASONAM55673.2022.10068676

Abstract

The aim of this paper is to show how machine learning can predict whether an individual

is more powerful than others in the group. The crucial point here is to consider the

structural position of the actors in the social networks in which they are embedded. The

approach we have taken for constructing these intra-group networks is the aggregation

of communication and support interactions. Our research is based on longitutional

data from the Massively Multiplayer Online Game (MMOG) Travian that was collected

over a 12-month period. The data includes 202,764 communication and 96,913 support

interactions between players that we applied for the construction of interaction networks.

We also had access to status information on a daily basis for 21,431 individual players

who were members of 4,758 alliances. Methodically, we applied 10 established metrics

from SNA-based team research in combination with the Random Forstest classification

algorithm. Our results show that interaction networks are well suited to assign members

into two groups of powerful (elite) and non-powerful (non-elite) players. It turned out

that the identification of non-elite members was much easier to accomplish than that of

elite members. Regarding the application of multiplex networks, we could not confirm a

higher explanatory power by using combined networks. In summary, we can say that the

network patterns of elite members are clearly different from those of non-elite members.

In this way, we were able to predict affiliation to each category with an accuracy (F1)

of 0.88 for communication networks and 0.83 for support networks.

Contribution of thesis author

Theoretical operationalization, iterative evaluation of computational implementation

and analysis, qualitative evaluation and contextualization, as well as manuscript writing,

revision, and editing.
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Reviewing the potentials of MMOGs as research environments:

A case study from the strategy game Travian

Authors

Siegfried Müller, Raji Ghawi and Jürgen Pfeffer

In

PLoS ONE 18(2): e0281114. https://doi.org/10.1371/journal.pone.0281114

Abstract

Massively Multiplayer Online Games (MMOGs) provide many opportunities for scien-

tists. Previous research ranges from personality trait prediction to alternative cancer

treatments. However, there is an ongoing debate on whether these virtual worlds are

able to represent real world scenarios. The mapping of online and offline findings is

key to answering this question. Our work contributes to this discussion by providing an

overview of the findings from network-based team and leadership research and by match-

ing them with concrete results from our MMOG case study. One major finding is that

team size matters. We show that high diversity in the type of teams is a major challenge,

especially when combined with the immense amount of data in MMOGs. In our work,

we discuss these issues and show that a well-grounded understanding of the data and

the game environment makes it possible to overcome these limitations. Besides the team

size, the aggregation periods play an important role. Regarding MMOGs as research

environments, we show that it is important to pay close attention to the specific game-

related contexts, the incentive structures, and the downside risks. Methodologically, we

apply support and communication networks to show the influence of certain group-based

measures (e.g., density, transitivity) as well as leadership-centered characteristics (e.g.,

k-core, group centrality, betweenness centralization) on team performance. Apart from

our findings on centralization in communication networks, we are able to demonstrate

that our results confirm the theoretical predictions which suggest that the behavioral

patterns observed in MMOG teams are comparable to those observed in offline work

teams.

Contribution of thesis author

Theoretical operationalization, iterative evaluation of computational implementation

and analysis, qualitative evaluation and contextualization, as well as manuscript writing,

revision, and editing.
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Improving team performance prediction in MMOGs with

temporal communication networks

Authors

Raji Ghawi, Siegfried Müller and Jürgen Pfeffer

In

Social Network Analysis and Mining 11.1 (2021): 65. https://doi.org/10.1007/s13278-

021-00775-7

Abstract

Virtual teams are becoming increasingly important. Since they are digital in nature,

their “trace data” enable a broad set of new research opportunities. Online Games are

especially useful for studying social behavior patterns of collaborative teams. In our

study we used longitudinal data from the Massively Multiplayer Online Game (MMOG)

Travian collected over a 12-month period that included 4,753 teams with 18,056 individ-

uals and their communication networks. For predicting team performance, we selected

several Social Network Analysis-based attributes frequently used in team and leader-

ship research. We find that using these features, the accuracy of predicting the team

performance, in terms of R2, is about 60%; whereas the accuracy of classifying the top

performing teams exceeds 95%. Moreover, we examine the ability to predict the team

performance based on historic data of the network features, i.e., before several weeks.

We find that the best accuracy can be achieved using the features in the present and

the past, as well as the past performance. For a delay of one week, the accuracy of this

model is about R2=97%.

Contribution of thesis author

Theoretical operationalization, iterative evaluation of computational implementation

and analysis, qualitative evaluation and contextualization, as well as manuscript writing,

revision, and editing.
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Chapter 6

Discussion

6.1 Achievements and contributions

This final section of this thesis will show what has been achieved in the course of this re-

search project and what contributions this dissertation has been able to make to the state

of research. The central question for this work was to find out to what extent reliable

predictions about team performance and team leadership can be made from the patterns

that emerge from the interactions of the group members (structural signatures). Both

social network analysis and machine learning algorithms have been key in this process.

Simultaneously, the theoretical foundations of the behavioural patterns of individuals

in groups and organizations formed an important basis for this (organizational network

analysis). The second central question that arose in the context of this work was whether

the data obtained from MMOGs can be used to answer general research questions about

the behavior of individuals in the real world. The mapping principle, based on the work

of Williams 2010, provided the theoretical basis for this. In the following section it will

be shown to what extent this work has been able to answer these questions and to what

extent new insights have been gained.

6.1.1 Successful predictions

One of the first challenges in the development of the research question was the identifi-

cation of the target variables. Drawing on the organizational behavior literature, we were

particularly interested in what factors of cooperation make groups successful and what

specific traits (structural patterns) make a leader. One of the first steps was to filter

out the data points that were suitable for mapping team performance and identifying

power elites from the enormous amount of around 900 GB of raw data (Bendeich 2014).

An existing team ranking within the game Travian that was calculated in real time was

a particularly good fit for the first target variable. This team ranking is a central el-

ement of the game, as it reveals how successful alliances have been in comparison to

the other alliances. It is important to note that the success of alliances in the game

Travian depends essentially on the effectiveness and efficiency of cooperation within the

team (Assmann et al. 2010a; Wigand et al. 2012; Müller et al. 2020). By identifying

this ranking, we were able to define a target variable that we assumed would reflect the
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success of cooperation within the group particularly well. In order to identify criteria

that could capture the most influential or powerful members within the group, it was

necessary to take a closer look at the process of alliance formation. It turned out that

the leaders of the alliances within Travian have certain privileges. These special rights,

which distinguish a normal player from an influential player, are also included in the

game data used on a daily basis (Müller et al. 2022). The aforementioned relationship

between the existence of these privileges and membership in the leadership group within

the team allowed us to establish the second central target variable (elite membership).

With the help of our machine learning work (especially the random forest algorithm),

we were able to show that insights from the theoretical literature can be successfully

applied to prediction tasks. In order to do this, we first conducted a comprehensive

analysis of the literature on network-based team and leadership research. Our third and

final paper provides an overview of this research task in a theoretical summary (Müller

et al. 2023). The focus was on the identification of those network patterns that are

known to have a positive or negative impact on the success of the groups. In addition,

we were interested in finding out which network patterns are able to make statements

about the leadership structure within a team. The second step was to ask how the

now-identified leadership patterns affect team success. A number of meta-studies have

shown that especially density, centrality and centralization play an important role in this

context (Evans and Dion 1991; Balkundi and Harrison 2006; Wang et al. 2014; Nicolaides

et al. 2014; D’Innocenzo et al. 2016). In addition, we were able to identify that core-

periphery structures are also well suited to reflecting leadership structures (especially

about membership in the core leadership group) (Borgatti and Everett 1999; Everett and

Borgatti 2005) and making statements about team success (Collier 2012; Brass 2018).

However, so far only fundamental work exists in this field and established knowledge in

the form of meta-studies is often still lacking (Borgatti and Everett 1999; Cummings

and Cross 2003; Contractor et al. 2012). Our task, then, was to show whether these

theoretical principles could be used to make accurate predictions about team success

or leadership group membership. In summary, we can state here that on the basis of

these theoretical foundations, we were able to demonstrate with our first two machine

learning-based studies that it is possible to predict team success (prediction accuracy up

to 95.3 %) and membership of an elite group (accuracy F1: 0.88 %) with a very high

degree of precision (Müller et al. 2020, 2022).

6.1.2 Virtual worlds map real world

A central and as yet unanswered question that repeatedly arises in the context of MMOG-

based research is whether virtual worlds are at all suitable for making statements about

the real world (Ducheneaut 2010). This is the question that the third paper of this

dissertation is devoted to. The idea is to use the available data set from the game Tra-

vian to investigate whether well-established dependencies observed in real-world teams

can also be found in the game world. As a first step, we have compiled an overview
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of the scientific work done in the field of MMOGs. We realized that the games differ

greatly as research environments and it is therefore necessary to have a scientific basis

to make them comparable. The theoretical model developed by Williams 2010 (mapping

principle) played an important role in answering the question of whether MMOG en-

vironments are capable of reflecting real-world contexts. Next, we used this theoretical

foundation to integrate findings from our first two studies. Our approach was to check

whether the correlations we observed in our MMOG environment of the game Travian

correspond to those that meta-studies could prove in the offline world. The model for

this was a similar idea by Castronova et al. which used MMOG data to test the valid-

ity of economic laws (Castronova et al. 2009). Using an analogous approach, we were

able to test nine hypotheses and found that the expected correlations in the Travian

game environment were (in almost all cases) consistent with the theoretical predictions

(Müller et al. 2023). Thus, our findings provide further evidence that people’s behavioral

patterns in traditional offline settings (e.g., work environments) and more recent online

settings (e.g., online games) may be the same. Our results therefore suggest that it

may ultimately not be so important to distinguish between the online and offline worlds.

Rather, it should also be important to keep a close eye on the wider context in which

a team works together. Especially given that the lines between offline and online are

becoming increasingly blurred in today’s working environment.

As the central contribution of our scientific work, it can therefore be summarized

that we could not find any evidence in our work that the behavior of players in virtual

environments differs significantly from human behavior in similar situations in the offline

world. To put this in a broader context, the following section provides a general overview

of MMOGs as a research environment.

6.2 General considerations of MMOGs as research

environments

At the dawn of research in MMOG there was great enthusiasm. The aspect that most

intrigued researchers about the new possibilities of virtual game worlds was the seemingly

infinite amount of data. For instance, Ross et al. wrote that those virtual worlds “free the

researcher from the burden of data collection and take advantage of large-scale databases

and the computational power of virtual worlds to provide huge datasets that can be

generalized to the real world” (Ross et al. 2012). Originally, it was assumed that the

dynamics in these virtual environments would largely coincide with those in the offline

world. In light of this potential, Castronova and Falk 2009 wrote that virtual worlds

may be the modern equivalent of supercolliders for social scientists, and should therefore

be the next area to receive significant attention. This assumption has been increasingly

challenged as research in this area progressed. Therefore, Williams developed a mapping-

framework that allows researchers to systematically investigate the question of whether

the dynamics in MMOGs correspond to those in the real world (Williams 2010). Various
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studies subsequently dealt with the answer to this question (Castronova et al. 2009;

Ducheneaut 2010; Ross et al. 2012; Ahmad et al. 2014; Müller et al. 2023). The general

conclusion of this work was that these virtual game worlds are very special and it is

especially important to keep in mind the context and game design of the games. Further,

the “evidence [from past research in MMOGs] suggests that virtual worlds lie somewhere

in between” (Ross et al. 2012). To summarize, it can be said that MMOGs can be used

to draw conclusions about the behavior of individuals and groups in the real world, but a

number of aspects have to be taken into account (Müller et al. 2023). In particular, it is

important to note that “a typical game is designed to attract players” (Ross et al. 2012)

and researchers have to take the game data with all compromises as they arise from

player interactions and technical processes within the game. The quality of the resulting

data sets (secondary data) can therefore differ greatly from data collected on the basis

of a well thought-out study design. At the same time, this type of data collection opens

up entirely new ways of unobtrusively testing hypotheses and theories. In this context,

Williams writes that MMOGs can enable communication scholars to unobtrusively test

theories of group interaction, organizational theory, communication modalities, social

capital, interpersonal behavior, networks, and countless others. He goes on to say that

network measures are even more attractive when unobtrusive behavioral data is available.

Networks can be built more easily from virtual world data than from real world data

because they can be based on seamlessly recordable actions such as chatting or teaming

(Williams 2010).

Therefore, we conclude with a statement from Ross et al. who claim that “virtual

worlds are undoubtedly an interesting new tool, [but] it must be borne in mind that

they are unique in many ways” (Ross et al. 2012).

6.3 Obstacles and limitations

In the course of this doctoral thesis, we regularly came up against the limits of feasibility

when designing the studies, processing the data and selecting the statistical methods.

Many of these feasibility limitations stemmed from the fact that we were working with

a dataset based on secondary data that had been collected and processed several years

earlier. Despite the many data points and players, we had to deal with the data as it

was. In particular, we had to accept that it was simply impossible to collect missing

data that was important to study. This played an important role, as it was not possible

for us to validate scientific constructs via surveys. A lot of potential research questions

that would have been of interest for this work therefore had to be sorted out. In addition

to these limitations in the research design, we also had to deal with the aforementioned

general (1) limitations of MMOG worlds as research environments, (2) applicability of

the available secondary data, (3) problems of delimitation of group membership and

temporal allocation, and (4) limitations of existing statistical methods. We take a closer

look at these issues and challenges in the following sections.
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6.3.1 Applicability of the available data

The first question that arose in the course of this work was whether the available sec-

ondary transaction data were at all suitable for answering the research questions we

sought to answer. In particular, the fact that various types of data points were simply

missing from the dataset was a major challenge. The most important missing data were:

(1) data at individual level (demographic data and psychological profiles) (2) content of

communications between the players (3) information on the distribution of functions and

tasks within the groups (formal organization chart). This lack of important information

had a number of consequences for the design of our research questions.

The main limitation we faced throughout the study design process was that we had

interaction data at the individual level, but no demographic or psychological profiles of

individual players. Therefore, we were not able to investigate research questions at either

the micro or meso level and had to make do with studying at the macro level. Many

of the side effects that could have been captured by the use of control variables were

not examined in this way. This was particularly unfortunate as a number of questions

about group leadership are closely linked to the individual characteristics of the leaders

and those who follow them (Hernandez et al. 2011; Crawford and Lepine 2013; Sparrowe

2014). Leadership theories such as leader-member exchange or servant leadership have

been particularly difficult to integrate in this context (Dierendonck 2011; Eva et al. 2019).

Another interesting set of questions that were excluded were those relating to the impact

of group diversity on group success (Reagans et al. 2004).

In conclusion, we can say that despite all the problems mentioned, we were able to

work around some limitations with the help of social network analysis tools and thus

were able to work with incomplete data. However, this meant that we had to give up

some of the theoretical underpinnings of group and leadership models much more than

we had originally intended.

6.3.2 Delineation issues: the role of group size and temporal aspects

One of the biggest challenges when working with the pre-existing Travian dataset was

the variety of team sizes, as well as the temporal aspects. The origins of the problems

related to team size were twofold.

The first part of this issue had a theoretical background and thus also had a con-

ceptual impact on the study design. The literature shows that it is important to treat

groups of different sizes differently (Bettenhausen 1991; Kozlowski and Bell 2012; Lord

et al. 2017). This is particularly relevant because they have significant differences in

leadership structure, different approaches to problem solving, and different rates of par-

ticipation in problem solving (Slater 1958; Sundstrom et al. 2000; Crawford and Lepine

2013). Similarly, large and small groups show differences in the stability of their com-

position and communicate differently (Wageman et al. 2012). Finally, larger groups can

draw on a wider range of skills and resources (Caplow 1957; Campbell et al. 1993). At
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the same time, it has been proven that the larger a group becomes, the less effective it

is in terms of cooperation and coordination (Gist et al. 1987; Stewart 2006; Korsgaard

et al. 2010).

The second part resulted from the game design of Travian. This allows group sizes

of between 2 and 60 members. Further, the game is designed in such a way that larger

teams with more members automatically received an advantage in the team ranking.

Both of these facts make it difficult to design a study in which team size as an additional

influencing factor exerts as little influence as possible. In the end, we were only able to

compensate for this confounding factor by only comparing teams of a similar size in our

analyses. This approach allowed us to avoid the problems described above, but at the

rather high price of a small sample size and limited statistical analysis.

Another part of the delimitation problem was that we had to summarize the daily

data points into time periods. This further exacerbated the problem of the wide range

of team sizes in our data. In concrete terms, this meant that the original range of 2-60

members increased to 2-143 members. Fortunately, this problem was also solved by

strictly separating teams of different sizes (small teams, medium teams, large teams) in

our analysis.

The need to aggregate the individual points in time into periods of 14-60 days had its

origins in the process of creating transaction networks. Although the original Travian

dataset contained all daily interactions between players, initial analyses showed that

the interaction networks (communication and support networks) did not contain enough

information density on a daily basis to perform the analyses. This meant that we could

not use the daily network data provided by the game and had to resort to aggregating

the data. Again, the reason for this had its origins in the design of the game: the team

members of the Travian alliances simply do not interact with each other on a daily basis.

As a result, there was a need to aggregate a number of days in order to be able to identify

meaningful patterns within the transaction networks. Two competing effects had to be

balanced.

On the one hand, there is evidence that longer time periods can have a greater number

of interactions. This had a positive effect on the analyses to be carried out. It was found

that the first meaningful analyses could be carried out from an aggregation period of

7 days. The effects observed also became more and more pronounced the longer the

aggregation periods were chosen. The most statistically robust results were obtained

with an aggregation period of 60-90 days.

On the other hand, there was the problematic aspect that the team composition

in Travian can change constantly (fluctuation) and thus cause a number of disruptive

effects. The reason for this is that the game design allows members to join and leave

an alliance at any time. It should be noted, however, that it is not possible to have an

accurate picture of the team dynamics that actually took place due to the turnover of

team members. Rather, the observations from several days overlapped and thus only

provided a rough picture of the interactions that took place in the alliance. In summary,
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we can say that in the end we were able to work with the fuzziness described here, but

we would have preferred to work with a dataset in which membership remained stable

over time.

Also from a theoretical perspective, turnover within teams has a significant impact

on the observed patterns of interaction in the alliance. Based on Tuckman’s original

model of team development, the different phases of a team development process play a

particularly important role over time. As part of the development of their collaboration

in most models, groups go through four phases. These four stages are (1) forming,

(2) storming, (3) norming, and (4) performing (Tuckman 1965). Similarly, in another

example, in Hackman’s model, the steps of managerial work in creating an effective

group are (1) prework, (2) creating conditions for performance, (3) forming and building

the team, and (4) providing ongoing support (Hackman 1987). Many similar models

exist. The decisive factor is that the way in which team members interact with each

other is different in each phase (Leenders et al. 2016). This can mean: The observed

patterns (structural patterns) change from level to level. As far as the agglomeration

period is concerned, this can have a number of different effects. If the aggregation

periods are chosen to be too long, this can have the consequence that several stages of

development of the team will be mapped within one aggregation period. However, if the

selected time period is too short, it is possible that only part of the development period

is represented, and the picture is incomplete. The effect of this is that the particular

stage of development of the team can no longer be captured in the analysis, which leads

to additional distortions. As an example of this, Balkundi et al. write that “either type

of error might manifest in undetected network effects in short-range teams, composed of

relative strangers, that would instead emerge in long-range teams, composed of members

that know each other well” (Balkundi and Harrison 2006).

6.3.3 Statistical limitations

Right from the beginning, the statistical part of this thesis was characterized by a series

of limitations. Three major obstacles played a central role in that: (1) the limitations

resulting from the nature of the existing secondary data, (2) the availability of a limited

number of techniques and methods for analyzing (dynamic) social networks, and (3)

the high degree of interdependence between the independent network variables in our

dataset.

The biggest obstacle we had to deal with when working with our existing data set

was the fact that the composition of the groups was constantly changing. One of our

early analyses showed that there were virtually no alliances in the entire data set where

the composition of members remained unchanged over an observation period of 2-3 peri-

ods. This problem was exacerbated by the previously discussed need for aggregation of

individual observation points (single days) into periods of 14-60 days. Against this back-

ground, the SIENA analysis method was ruled out. This was a regrettable outcome, as it

would have been our preferred method for investigating the dynamic changes within the
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networks. Despite an extensive literature search, we were unable to identify any alter-

native established techniques suitable for analyzing dynamic social network data. This

outcome was in line with the statement of researchers who wrote that “unfortunately,

very few techniques exist for analyzing these data as continuous information” (Hennig

et al. 2012). They see the reason for this in the fact that “analyzing the evolution of

social structure and behavior simultaneously poses an enormous theoretical and empir-

ical challenge and very few studies have succeeded in accomplishing this goal” (Hennig

et al. 2012). As a result, we unfortunately had to abandon the analysis of dynamic

network effects for this thesis.

The application of machine learning methods opened up an interesting alternative.

Our initial concept studies have shown that they are very well suited to making accurate

predictions on the basis of the structural patterns that emerge from the network analyses.

In our first paper, we applied four different methods (k-Nearest Neighbors, Random

Forest Classifier, Logistic Regression, Support Vector Machine) for comparison purposes.

All four methods performed relatively equally when the results were compared. However,

the Random Forest algorithm proved to be the most flexible for the application (Müller

et al. 2020).

The use of other established statistical methods proved to be more difficult for us. In

particular, the use of multiple linear regression confronted us with unexpected limita-

tions which was in line with the statement that ”unfortunately, most of the techniques

used to compute inferential statistics in non-network analysis cannot be applied to net-

work analysis. This is because a large proportion of inferential statistics used in non-

network analysis make the assumption that the data are independently and identically

distributed. [...] Thus, many of the standard statistical techniques used to analyze at-

tribute social scientific data are not appropriate for analyzing network data” (Contractor

and Chunke 2011).

The background was that for our third paper we wanted to use a traditional OLS

regression to show how the influence of different network variables (such as density,

centrality, or transitivity) affects team success. In addition to other problems, which

we were able to solve, we found that ultimately a very high colinearity between the

(total of 9) independent variables made it impossible to apply this technique (Müller

et al. 2023). This, in turn, is consistent with Carter et al. 2015 who noted that the

relational observations that make up network data are, by definition, not independent

and therefore not well suited to traditional analysis. In the end, this led us to restrict

ourselves to using the Pearson coefficient, which also coped with the non-normality of

our data.

Other possible statistical methods only became apparent to us during the review

process. We will return to this in the next section.
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6.4 Future Work

As part of this doctoral thesis, we have looked at a whole range of topics related to

research in MMOGs, networks, and teams. As we imagined and analyzed, we often

reached the limits of feasibility. Some of these topics were simply not feasible with the

given data or framework conditions. For other topics, the scope of this dissertation was

simply not large enough. The following is therefore a brief overview of the topics that

are of particular interest in continuation of the topics presented here.

Probably the most important single point for the continuation of further scientific

studies in the context of the Travian universe is the recommendation to carry out the

study design before collecting the data. Although this requires an enormous effort to

collect data, it greatly reduces the limitations described. In particular, such a future

approach would make it possible to investigate a very exciting question. This question is

about finding out the chronological order: do successful teams exhibit certain structural

patterns, or do certain structural patterns lead to a team being particularly successful?

Such an study could build on the conceptual framework of Quintane et al. 2013 which

allows us to understand how past interactions influence the emergence of future interac-

tions without assuming that these are entirely determined by them.

Furthermore, with the new data collection there would be the possibility of the col-

lection of player data on an individual level. In addition to recording psychological and

demographic profiles, various constructs can also be validated in this way, particularly

through surveys. Such data and validated constructs (e.g. on (distributed) leadership,

team trust or helping behavior) could, for example, form a basis to ”establish a com-

putational social science of leadership” (Carter et al. 2015). This is a crucial point as

the “access to digital trace data has the potential to transform leadership studies from

being based on cumbersome self-report data to highly scalable high-resolution digital

data” (Carter et al. 2015). Such an approach could therefore help to learn more about

how (1) individuals can use their networks more effectively, (2) how formal leaders can

better understand and utilize the existing networks in their groups, and (3) how collec-

tives can develop greater leadership capacity by building networks among their members

(Cullen-Lester and Yammarino 2016).

There are other exciting possibilities for future work when the capabilities of custom

data collection are combined with the newer statistical methods. Carter et al. 2015 note

in this context: “These new methods detect the prevalence of distinct structural sig-

natures that are uniquely associated with certain theoretical mechanisms of leadership

emergence and enable simultaneous tests of multiple relational theories, including the-

ories that involve longitudinal and multilevel dynamics”. The following methods are of

particular importance in this regard: (1) Exponential Random Graph Models (Wasser-

man and Pattison 1996; Robins et al. 2007; Chrobot-Mason et al. 2016; Contractor and

Chunke 2011), (2) SOAMs (Snijders 2001, 2002), and (3) Structural Equation Models

(Thakkar 2020). After this outlook with regard to the future fields of work, a conclusion
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on the results of this work is drawn in the following section.

6.5 Conclusion

In retrospect, the starting point for this work was a data set that was collected 10

years earlier as part of an interdisciplinary research project. This data set from the

MMOG Travian attracted a great deal of attention from the outset and initial discussions

with other researchers revealed a great deal of interest in working with the available

data. For them, the main attractions were the size (900 GB of raw data, 23 different

countries, approximately 3 million unique players) and the long time periods (12 months)

documented. A special interest was shown in the area of trust research and the analysis

of organizational networks. In both cases, the focus was on teamwork and leadership.

In the subsequent search for possible research questions, however, a disillusionment

with regard to the possibilities that could be realized quickly became apparent. There

were two main reasons for this: (1) The lack of ability to retroactively collect and

complete missing data, and (2) the fact that the initial storage of the data was for the

purpose of efficient live operation, and that there was no consideration of the data’s

usefulness in scientific studies. In particular, the conversion of the daily snapshots of

the SQL databases into interaction networks for social network analysis was severely

affected by these limitations.

As a result, these hurdles severely limited the possible questions to be investigated in

the field of research into the organizational behaviour of teams and their leadership. For

many very interesting research questions, it would have been absolutely necessary to use

questionnaires in addition to the available transaction data. These surveys would have

allowed various scientific constructs to be validated and used as explanatory variables.

Much more encouraging were other aspects of the MMOG data. For example, the

interaction data showed that the majority of game participants were highly engaged

and showed great continuity in their participation. As the game sets clear objectives

and makes the achievement of objectives transparent on an ongoing basis, individual

and team performance was an ideal dependent variable for potential research questions.

This starting point made it possible to take a closer look at a whole range of questions

from the field of team and leadership research. In particular, the question of how certain

types of distributed leadership affect group success could be placed at the center of this

work. A very exciting side effect was the question of which network patterns could best

be used to map the degree and structure of distributed leadership.

Two further questions, which have not yet been conclusively answered in the literature,

arose during the course of this work. (1) From a methodical point of view, this is the

question of the statistical procedures to be applied. (2) On the contextual side, there is

the generally difficult question of whether the insights about the dynamics observed in

MMOGs can be transferred to the context of the real world. In the course of our work,

we were constantly confronted with the limits of individual methods in the application
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of statistical options. Unfortunately, with the data as it was available, we were only able

to apply a very small proportion of the techniques at all. In contrast, the applicability of

machine learning methods proved to be a stroke of luck. The main results of the papers

in this thesis are therefore based on this relatively new method of data analysis.

Apart from the topics described above, the question of whether the findings from the

MMOG data are at all transferable to the real world arose repeatedly during the course

of this dissertation. Although we were also unable to answer this question conclusively,

our case studies provided further evidence for the thesis that the social laws observed in

the real world also apply in a virtual context. The same seems to apply in reverse.

In conclusion, by working with the existing dataset, we have been able to highlight the

limitations, but also the potential of MMOGs as a research environment. In addition,

we were able to contribute to the discussion on whether MMOGs can be a reflection of

reality with the help of another case study. Last but not least, we have also succeeded in

demonstrating the potential of machine learning analyses. This applies in particular to

understanding leadership and predicting how groups perform. Further research can build

on this and ensure that MMOGs can continue to make their contribution as alternative

and innovative research environments in the future.

49





Bibliography

Ahmad, Muhammad Aurangzeb, Shen, Cuihua, Srivastava, Jaideep, and Contractor,

Noshir. 2014. Predicting Real World Behaviors from Virtual World Data, 1–127.

Cham: Springer. isbn: 9783319071411.

Ahuja, Manju K., Galletta, Dennis F., and Carley, Kathleen M. 2003. “Individual cen-

trality and performance in virtual R&D groups: An empirical study.” Management

Science 49 (1): 21–38. issn: 00251909. https://doi.org/10.1287/mnsc.49.1.21.12756.

Aime, Federico, Humphrey, Stephen, DeRue, Scott, and Paul, Jeffrey B. 2014. “The

Riddle of Heterarchy: Power Transitions in Cross-Functional Teams.” Academy of

Management Journal 57 (2): 327–352.

Alderfer, C. E. 1987. “An intergroup perspective on group dynamics.” In Handbook of

organizational behavior, edited by J. Lorsch, 190–222. Englewood Cliffs: Prentice

Hall.

Alvari, Hamidreza, Hajibagheri, Alireza, Sukthankar, Gita, and Lakkaraju, Kiran. 2016.

“Identifying community structures in dynamic networks.” Social Network Analysis

and Mining 6 (1): 1–13. issn: 18695469. https://doi.org/10.1007/s13278-016-0390-

5.

Assmann, Jakob, Drescher, Marcus, Gallenkamp, Julia V., Picot, Arnold, and Welpe,

Isabell M. 2010a. “Here be (no more) dragons: Pushing the frontier of research on

virtual organizations and teams.” Proceedings of the Annual Hawaii International

Conference on System Sciences, 1–10. issn: 15301605. https://doi.org/10.1109/

HICSS.2010.218.

Assmann, Jakob, Drescher, Marcus, Gallenkamp, Julia V., Picot, Arnold, Welpe, Isabell

M., and Wigand, Rolf T. 2010b. “MMOGs as emerging opportunities for research

on virtual organizations and teams.” 16th Americas Conference on Information

Systems 2010, AMCIS 2010 1:232–240.

Assmann, Jakob, Sandner, Philipp, and Ahrens, Sophie. 2009. “Users’ influence on the

success of online communities.” In Proceedings of the 42nd Annual Hawaii Interna-

tional Conference on System Sciences, HICSS, 1–10. isbn: 9780769534503. https:

//doi.org/10.1109/HICSS.2009.490.

51

https://doi.org/10.1287/mnsc.49.1.21.12756
https://doi.org/10.1007/s13278-016-0390-5
https://doi.org/10.1007/s13278-016-0390-5
https://doi.org/10.1109/HICSS.2010.218
https://doi.org/10.1109/HICSS.2010.218
https://doi.org/10.1109/HICSS.2009.490
https://doi.org/10.1109/HICSS.2009.490


Bibliography

Bainbridge, William Sims. 2007. “The scientific research potential of virtual worlds.”

Science 317 (5837): 472–476. issn: 00368075. https ://doi .org/10.1126/science.

1146930.

Balkundi, Prasad and Harrison, David. 2006. “Ties, Leaders, and Time in Teams: Strong

Inference About the Effects of Network Structure on Team Viability and Perfor-

mance.” Academy of Management Journal 49 (1): 49–68.

Balkundi, Prasad, Kilduff, Martin, and Harrison, David A. 2011. “Centrality and Charisma:

Comparing How Leader Networks and Attributions Affect Team Performance.”

Journal of Applied Psychology 96 (6): 1209–1222. issn: 00219010. https : / /doi .

org/10.1037/a0024890.

Bavelas, Alex. 1950. “Communication Patterns in Task-Oriented Groups.” The Journal

of the Acoustical Society of America 22 (6): 725–730. issn: 0001-4966. https://doi.

org/10.1121/1.1906679. http://asa.scitation.org/doi/10.1121/1.1906679.

Beal, Daniel J., Cohen, Robin R., Burke, Michael J., and McLendon, Christy L. 2003.

“Cohesion and Performance in Groups: A Meta-Analytic Clarification of Construct

Relations.” Journal of Applied Psychology 88 (6): 989–1004. issn: 00219010. https:

//doi.org/10.1037/0021-9010.88.6.989.

Beck, John C. and Wade, Mitchel. 2004. Got Game: How the Gamer Generation is

Reshaping Business Forever. Professional development collection. Harvard Business

School Press. isbn: 9781578519491.

Bell, Bradford S. and Kozlowski, Steve W. J. 2002. “A typology of virtual teams: Im-

plications for effective leadership.” Group and Organization Management 27 (1):

14–49. issn: 10596011. https://doi.org/10.1177/1059601102027001003.

Bendeich, Sebastian. 2014. Verwendung von Log-File-Daten aus Massively Multiplayer

Online - Spielen für sozialwissenschaftliche Forschung. Technical report. Munich:

Technical University of Munich.

Berrien, E. K. 1983. “A general systems approach to organizations.” In Handbook of

Industrial and Organizational Psychology, edited by M. Dunnette, 41–62. New York:

Wiley.

Bettenhausen, Kenneth L. 1991. “Five Years of Groups Research: WhatWe Have Learned

and What Needs to Be Addressed.” Journal of Management 17, no. 2 (June):

345–381. issn: 0149-2063. https ://doi .org/10 .1177/014920639101700205. http :

//journals.sagepub.com/doi/10.1177/014920639101700205.

52

https://doi.org/10.1126/science.1146930
https://doi.org/10.1126/science.1146930
https://doi.org/10.1037/a0024890
https://doi.org/10.1037/a0024890
https://doi.org/10.1121/1.1906679
https://doi.org/10.1121/1.1906679
http://asa.scitation.org/doi/10.1121/1.1906679
https://doi.org/10.1037/0021-9010.88.6.989
https://doi.org/10.1037/0021-9010.88.6.989
https://doi.org/10.1177/1059601102027001003
https://doi.org/10.1177/014920639101700205
http://journals.sagepub.com/doi/10.1177/014920639101700205
http://journals.sagepub.com/doi/10.1177/014920639101700205


Bommer, William H., Johnson, Jonathan L., Rich, Gregory A., Podsakoff, Philip M., and

Mackenzie, Scott B. 1995. “On the interchangeability of objective and subjective

measures of employee performance.” Personnel Psychology 48 (3): 587–605. issn:

17446570. https://doi.org/10.1111/j.1744-6570.1995.tb01772.x.

Borgatti, Stephen P. and Everett, Martin G. 1999. “Model of core / periphery struc-

tures.” Social Networks 21:375–395.

Borgatti, Stephen P., Everett, Martin G., and Johnson, Jeffrey C. 2018. Analysing Social

Networks. 2nd ed. 1–363. London: Sage Publications Ltd. isbn: 978-1-5264-0409-1.

Borgatti, Stephen P. and Foster, Pacey C. 2003. “The network paradigm in organiza-

tional research: A review and typology.” Journal of Management 29 (6): 991–1013.

issn: 01492063. https://doi.org/10.1016/S0149-2063(03)00087-4.

Borgatti, Stephen P., Mehra, Ajay, Brass, Daniel J., and Labianca, Giuseppe. 2009. “Net-

work analysis in the social sciences.” Science 323 (5916): 892–895. issn: 00368075.

https://doi.org/10.1126/science.1165821.

Brass, Daniel J. 1984. “Being in the Right Place: A Structural Analysis of Individual

Influence in an Organization.” Administrative Science Quarterly 29 (4): 518–539.

issn: 00018392. https://doi.org/10.2307/2392937.

. 2011. “A social network perspective on industrial/organizational psychology.” In

Handbook of industrial and organizational psychology, 13:39–79. New York: Oxford

University Press.

. 2018. “A Social Network Perspective on Organizational Citizenship Behavior.”

Chap. 25 in The Oxford Handbook of Organizational Citizenship Behavior, edited by

P.M. Podsakoff, S.B. MacKenzie, and N.P Podsakoff, 1–23. Oxford: Oxford Univer-

sity Press. isbn: 9780190219000. https://doi.org/10.1093/oxfordhb/9780190219000.

013.25.

Brass, Daniel J. and Burkhardt, Marlene E. 1992. “Centrality and Power in Organiza-

tions.” Chap. 7 in Networks and Organizations1, edited by Nitin Nohria and Robert

G. Eccles, 191–215. Boston: Harvard Business School Press. isbn: 0-87584-324-7.

Burke, C. Shawn, Stagl, Kevin C., Klein, Cameron, Goodwin, Gerald F., Salas, Eduardo,

and Halpin, Stanley M. 2006. “What type of leadership behaviors are functional in

teams? A meta-analysis.” Leadership Quarterly 17 (3): 288–307. https://doi.org/

10.1016/j.leaqua.2006.02.007.

Burt, Ronald S. 1992. Structural Holes: The Social Structure of Competition. 1–313.

Cambridge: Harvard University Press. isbn: 9780674029095.

Campbell, Donald J. 1988. “Task Complexity : A Review and Analysis.” The Academy

of Management Review 13 (1): 40–52.

53

https://doi.org/10.1111/j.1744-6570.1995.tb01772.x
https://doi.org/10.1016/S0149-2063(03)00087-4
https://doi.org/10.1126/science.1165821
https://doi.org/10.2307/2392937
https://doi.org/10.1093/oxfordhb/9780190219000.013.25
https://doi.org/10.1093/oxfordhb/9780190219000.013.25
https://doi.org/10.1016/j.leaqua.2006.02.007
https://doi.org/10.1016/j.leaqua.2006.02.007


Bibliography

Campbell, John P., McCloy, R. A., and Sager, C. E. 1993. “A Theory of Performance.” In

Personal Selection in Organizations, edited by Neil Schmitt and Walter C. Borman,

35–70. San Francisco: Jossey-Bass Publishers.

Caplow, Theodore. 1957. “Organizational Size.” Administrative Science Quarterly 1 (4):

484. issn: 00018392. https://doi.org/10.2307/2390870.

Carter, Dorothy R. and Dechurch, Leslie A. 2012. “Networks: The Way Forward for

Collectivistic Leadership Research.” Industrial and Organizational Psychology 5 (4):

412–415. issn: 17549426. https://doi.org/10.1111/j.1754-9434.2012.01470.x.

Carter, Dorothy R., DeChurch, Leslie A., Braun, Michael T., and Contractor, Noshir

S. 2015. “Social Network Approaches to Leadership: An Integrative Conceptual

Review.” Journal of Applied Psychology 100 (3): 597–622. https://doi.org/http:

//dx.doi.org/10.1037/a0038922.

Castronova, Edward. 2005. Synthetic Worlds. 1st ed. Chicago: The University of Chicago

Press. isbn: 9780226096315.

Castronova, Edward and Falk, Matthew. 2009. “Virtual worlds: Petri dishes, rat mazes,

and supercolliders.” Games and Culture 4 (4): 396–407. https://doi.org/10.1177/

1555412009343574.

Castronova, Edward, Williams, Dmitri, Shen, Cuihua, Ratan, Rabindra, Xiong, Li,

Huang, Yun, and Keegan, Brian. 2009. “As real as real? Macroeconomic behav-

ior in a large-scale virtual world.” New Media and Society 11 (5): 685–707. issn:

14614448. https://doi.org/10.1177/1461444809105346.

Cherns, Albert. 1976. “The Principles of Sociotechnical Design.” Human Relations 29,

no. 8 (August): 783–792. issn: 0018-7267. https://doi.org/10.1177/0018726776029

00806. http://journals.sagepub.com/doi/10.1177/001872677602900806.

Chiu, Chia Yen (Chad), Balkundi, Prasad, and Weinberg, Frankie Jason. 2017. “When

managers become leaders: The role of manager network centralities, social power,

and followers’ perception of leadership.” Leadership Quarterly 28 (2): 334–348. issn:

10489843. https://doi.org/10.1016/j.leaqua.2016.05.004. http://dx.doi.org/10.

1016/j.leaqua.2016.05.004.

Chrobot-Mason, Donna, Gerbasi, Alexandra, and Cullen-Lester, Kristin L. 2016. “Pre-

dicting leadership relationships: The importance of collective identity.” Leadership

Quarterly 27, no. 2 (April): 298–311. issn: 10489843. https://doi.org/10.1016/j.

leaqua.2016.02.003.

Collier, Benjamin. 2012. “Leadership development in core-periphery organizations.” PhD

diss., Carnegie Mellon University. https://citeseerx.ist.psu.edu/document?repid=

rep1&type=pdf&doi=920cacd0b3b7ebfd31b159356f21559589b3ef44.

54

https://doi.org/10.2307/2390870
https://doi.org/10.1111/j.1754-9434.2012.01470.x
https://doi.org/http://dx.doi.org/10.1037/a0038922
https://doi.org/http://dx.doi.org/10.1037/a0038922
https://doi.org/10.1177/1555412009343574
https://doi.org/10.1177/1555412009343574
https://doi.org/10.1177/1461444809105346
https://doi.org/10.1177/001872677602900806
https://doi.org/10.1177/001872677602900806
http://journals.sagepub.com/doi/10.1177/001872677602900806
https://doi.org/10.1016/j.leaqua.2016.05.004
http://dx.doi.org/10.1016/j.leaqua.2016.05.004
http://dx.doi.org/10.1016/j.leaqua.2016.05.004
https://doi.org/10.1016/j.leaqua.2016.02.003
https://doi.org/10.1016/j.leaqua.2016.02.003
https://citeseerx.ist.psu.edu/document?repid=rep1&type=pdf&doi=920cacd0b3b7ebfd31b159356f21559589b3ef44
https://citeseerx.ist.psu.edu/document?repid=rep1&type=pdf&doi=920cacd0b3b7ebfd31b159356f21559589b3ef44


Collier, Benjamin and Kraut, Robert. 2012. “Leading the Collective: Social Capital and

the Development of Leaders in Core-Periphery Organizations.” In Collective intel-

ligence 2012: Proceedings, 1–8. New York: ACM.

Colquitt, Jason A., Scott, Brent A., and LePine, Jeffery A. 2007. “Trust, Trustworthiness,

and Trust Propensity: A Meta-Analytic Test of Their Unique Relationships With

Risk Taking and Job Performance.” Journal of Applied Psychology 92 (4): 909–927.

https://doi.org/10.1037/0021-9010.92.4.909.

Contractor, Noshir S. and Chunke, Su. 2011. “Understanding Groups from a Network

Perspective.” In Research Methods for Studying Groups and Teams : A Guide to

Approaches, Tools, and Technologies, edited by Andrea Hollingshead Poole and

Marshall Scott, 9:58–64. Routledge.

Contractor, Noshir S., DeChurch, Leslie A., Carson, Jay B., Carter, Dorothy R., and

Keegan, Brian. 2012. “The topology of collective leadership.” Leadership Quarterly

23, no. 6 (December): 994–1011. issn: 1048-9843. https : //doi . org /10 . 1016/J .

LEAQUA.2012.10.010.

Corominas-Murtra, Bernat, Fuchs, Benedikt, and Thurner, Stefan. 2014. “Detection of

the elite structure in a virtual multiplex social system by means of a generalised

K-core.” PLOS ONE 9 (12): 1–19. issn: 19326203. https://doi.org/10.1371/journal.

pone.0112606.

Costa, Ana Cristina, Fulmer, C. Ashley, and Anderson, Neil R. 2018. “Trust in work

teams: An integrative review, multilevel model, and future directions.” Journal of

Organizational Behavior 39 (2): 169–184. issn: 10991379. https://doi.org/10.1002/

job.2213.

Crawford, Eean R. and Lepine, Jeffery A. 2013. “A configural theory of team processes:

Accounting for the structure of taskwork and teamwork.” Academy of Management

Review 38 (1): 32–48. issn: 03637425. https://doi.org/10.5465/amr.2011.0206.

Cross, Rob, Borgatti, Stephen P., and Parker, Andrew. 2002. “Making Invisible Work

Visible: Using Social Network Analysis to Support Strategic Collaboration.” Cal-

ifornia Management Review 44, no. 2 (January): 25–46. issn: 0008-1256. https :

//doi.org/10.2307/41166121. http://journals.sagepub.com/doi/10.2307/41166121.

Cross, Rob, Ehrlich, Kate, Dawson, Ross, and Helferich, John. 2008. “Managing Collab-

oration: Improving Team Effectiveness through a Network Perspective.” California

Management Review 50 (4): 73–99.

Cross, Rob and Parker, Andrew. 2004. The Hidden Power of Social Networks: Under-

standing How Work Really Gets Done in Organizations. Boston: Harvard Business

School Press.

55

https://doi.org/10.1037/0021-9010.92.4.909
https://doi.org/10.1016/J.LEAQUA.2012.10.010
https://doi.org/10.1016/J.LEAQUA.2012.10.010
https://doi.org/10.1371/journal.pone.0112606
https://doi.org/10.1371/journal.pone.0112606
https://doi.org/10.1002/job.2213
https://doi.org/10.1002/job.2213
https://doi.org/10.5465/amr.2011.0206
https://doi.org/10.2307/41166121
https://doi.org/10.2307/41166121
http://journals.sagepub.com/doi/10.2307/41166121


Bibliography

Cullen-Lester, Kristin L., Maupin, Cynthia K., and Carter, Dorothy R. 2017. “Incorpo-

rating social networks into leadership development: A conceptual model and evalua-

tion of research and practice.” Leadership Quarterly 28 (1): 130–152. issn: 10489843.

https://doi.org/10.1016/j.leaqua.2016.10.005. http://dx.doi.org/10.1016/j.leaqua.

2016.10.005.

Cullen-Lester, Kristin L. and Yammarino, Francis J. 2016. “Collective and network ap-

proaches to leadership: Special issue introduction.” Leadership Quarterly 27 (2):

173–180. issn: 10489843. https://doi .org/10.1016/j . leaqua.2016.02.001. http:

//dx.doi.org/10.1016/j.leaqua.2016.02.001.

Cummings, Jonathon N. and Cross, Rob. 2003. “Structural properties of work groups

and their consequences for performance.” Social Networks 25 (3): 197–210. https:

//doi.org/10.1016/S0378-8733(02)00049-7.

D’Innocenzo, Lauren, Mathieu, John E., and Kukenberger, Michael R. 2016. “A Meta-

Analysis of Different Forms of Shared Leadership–Team Performance Relations.”

Journal of Management 42, no. 7 (November): 1964–1991. https://doi.org/10.1177/

0149206314525205. http://journals.sagepub.com/doi/10.1177/0149206314525205.

Dachler, H. P. and Hosking, D. 1995. “The primacy of relations in socially constructing

organizational realities.” In Management and Organisation: Relational Perspectives,

edited by D. M. Hosking, H. P. Dachler, and K. J. Gergen, 1–28. Avebury: Ashgate.

DeChurch, Leslie A. and Mesmer-Magnus, Jessica R: 2015. Maintaining Shared Men-

tal Models Over Long-Duration Exploration Missions. Technical report September.

Houston: NASA. https://ston.jsc.nasa.gov/collections/trs/ techrep/TM-2015-

218590.pdf.

DeRue, Scott and Ashford, Susan J. 2010. “Who will lead and who will follow? A social

process of leadership identity construction in organizations.” Academy of Manage-

ment Review 35 (4): 627–647. issn: 03637425. https://doi.org/10.5465/AMR.2010.

53503267.

Dierendonck, Dirk van. 2011. “Servant leadership: A review and synthesis.” Journal

of Management 37 (4): 1228–1261. issn: 01492063. https : / / doi . org / 10 . 1177 /

0149206310380462.

Drath, Wilfred H., McCauley, Cynthia D., Palus, Charles J., Van Velsor, Ellen, O’Connor,

Patricia M.G., and McGuire, John B. 2008. “Direction, alignment, commitment:

Toward a more integrative ontology of leadership.” Leadership Quarterly 19 (6):

635–653. issn: 10489843. https://doi .org/10.1016/j . leaqua.2008.09.003. http:

//dx.doi.org/10.1016/j.leaqua.2008.09.003.

Drescher, Marcus. 2014. “Essays on Trust in Teams.” PhD diss., Technical University of

Munich. https://d-nb.info/1061125998/34.

56

https://doi.org/10.1016/j.leaqua.2016.10.005
http://dx.doi.org/10.1016/j.leaqua.2016.10.005
http://dx.doi.org/10.1016/j.leaqua.2016.10.005
https://doi.org/10.1016/j.leaqua.2016.02.001
http://dx.doi.org/10.1016/j.leaqua.2016.02.001
http://dx.doi.org/10.1016/j.leaqua.2016.02.001
https://doi.org/10.1016/S0378-8733(02)00049-7
https://doi.org/10.1016/S0378-8733(02)00049-7
https://doi.org/10.1177/0149206314525205
https://doi.org/10.1177/0149206314525205
http://journals.sagepub.com/doi/10.1177/0149206314525205
https://ston.jsc.nasa.gov/collections/trs/_techrep/TM-2015-218590.pdf
https://ston.jsc.nasa.gov/collections/trs/_techrep/TM-2015-218590.pdf
https://doi.org/10.5465/AMR.2010.53503267
https://doi.org/10.5465/AMR.2010.53503267
https://doi.org/10.1177/0149206310380462
https://doi.org/10.1177/0149206310380462
https://doi.org/10.1016/j.leaqua.2008.09.003
http://dx.doi.org/10.1016/j.leaqua.2008.09.003
http://dx.doi.org/10.1016/j.leaqua.2008.09.003
https://d-nb.info/1061125998/34


Ducheneaut, Nicolas. 2010. “Massively Multiplayer Online Games as Living Labora-

tories: Opportunities and Pitfalls.” Chap. 11 in Online Worlds: Convergence of

the Real and the Virtual, edited by William Sims Bainbridge, 135–145. London:

Springer. https://doi.org/10.1007/978-1-84882-825-4{\ }11.

Edmondson, Amy. 1999. “Psychological Safety and Learning Behavior in Work Teams.”

Administrative Science Quarterly 44:350–383.

Eva, Nathan, Robin, Mulyadi, Sendjaya, Sen, Dierendonck, Dirk van, and Liden, Robert

C. 2019. “Servant Leadership: A systematic review and call for future research.”

Leadership Quarterly 30 (1): 111–132. issn: 10489843. https://doi.org/10.1016/j.

leaqua.2018.07.004. https://doi.org/10.1016/j.leaqua.2018.07.004.

Evans, Charles R. and Dion, Kenneth L. 1991. “Group Cohesion and Performance: A

Meta-Analysis.” Small Group Research 22 (2): 175–186.

Everett, Martin G. and Borgatti, Stephen P. 2005. “Extending Centrality.” Chap. 4

in Models and Methods in Social Network Analysis, edited by P. Carrington, J.

Scott, and S. Wasserman, 57–76. Cambridge: Cambridge University Press. isbn:

9780511811395. https://doi.org/10.1017/cbo9780511811395.004.

Flemming, Edwin G. 1935. “A factor analysis of the personality of high school leaders.”

Journal of Applied Psychology 19 (5): 596–605. issn: 00219010. https://doi.org/10.

1037/h0052228.

Freeman, L. C. 1979. “Centrality in social networks.” Social Networks 1 (3): 215–239.

issn: 03788733. https://doi.org/10.1016/0378-8733(78)90021-7.

Friedlander, E. 1987. “The ecology of work groups.” In Handbook of organizational be-

havior, edited by J. Lorsch, 301–314. Englewood Cliffs: Prentice Hall.

Friedrich, Tamara L., Griffith, Jennifer A., and Mumford, Michael D. 2016. “Collective

leadership behaviors: Evaluating the leader, team network, and problem situation

characteristics that influence their use.” The Leadership Quarterly 27, no. 2 (April):

312–333. issn: 10489843. https://doi.org/10.1016/j.leaqua.2016.02.004. https:

//linkinghub.elsevier.com/retrieve/pii/S104898431600014X.

Fuchs, Benedikt and Thurner, Stefan. 2014. “Behavioral and network origins of wealth

inequality: Insights from a virtual world.” PLoS ONE 9 (8). issn: 19326203. https:

//doi.org/10.1371/journal.pone.0103503.

57

https://doi.org/10.1007/978-1-84882-825-4{\_}11
https://doi.org/10.1016/j.leaqua.2018.07.004
https://doi.org/10.1016/j.leaqua.2018.07.004
https://doi.org/10.1016/j.leaqua.2018.07.004
https://doi.org/10.1017/cbo9780511811395.004
https://doi.org/10.1037/h0052228
https://doi.org/10.1037/h0052228
https://doi.org/10.1016/0378-8733(78)90021-7
https://doi.org/10.1016/j.leaqua.2016.02.004
https://linkinghub.elsevier.com/retrieve/pii/S104898431600014X
https://linkinghub.elsevier.com/retrieve/pii/S104898431600014X
https://doi.org/10.1371/journal.pone.0103503
https://doi.org/10.1371/journal.pone.0103503


Bibliography

Gallenkamp, Julia V., Welpe, Isabell M., Riedl, Bettina C., Picot, Arnold, Wigand, Rolf

T., and Korsgaard, Audrey M. 2011. “The Role of Culture and Personality in the

Leadership Process in Virtual Teams.” In Thirty Second International Conference

on Information Systems, Shanghai 2011. Shanghai. http://dx.doi.org/10.5465/amj.

2013.0991%5Cnhttp://www.jstor.org/stable/3649586%5Cnhttp://www.tandfonlin

e.com/doi/abs/10.1080/0144929X.2012.719033%5CnWOS:000264407600001.

Gilson, Lucy L., Maynard, M. Travis, Jones Young, Nicole C., Vartiainen, Matti, and

Hakonen, Marko. 2015. “Virtual Teams Research: 10 Years, 10 Themes, and 10

Opportunities.” Journal of Management 41 (5): 1313–1337. issn: 15571211. https:

//doi.org/10.1177/0149206314559946.

Gist, Marilyn E., Locke, Edwin A., and Taylor, Susan M. 1987. “Organizational Behav-

ior: Group Structure, Process, and Effectiveness.” Journal of Management 13 (2):

237–257.

Goodman, Paul S., Ravlin, Elizabeth, and Schminke, Marshall. 1997. “Understanding

groups in organizations.” In Leadership, participation, and group behavior, edited

by Larry L. Cummings. Greenwich: Jai Press. isbn: 1559382201.

Grosser, Travis J., Park, Semin, Mathieu, John E., and Roebuck, Adam A. 2019. “Net-

work Thinking in Teams Research.” Chap. 14 in Social Networks at Work, 1st ed.,

edited by Daniel J. Brass and Stephen P. Borgatti, 309–332. New York: Routledge.

https://doi.org/10.4324/9780203701942-14.

Hackman, Richard J. 1987. “The design of work teams.” In Handbook of organiza-

tional behavior, edited by Jay W. Lorsch. Englewood Cliffs: Prentice Hall. isbn:

0133806502.

Hackman, Richard J. and Walton, Richard E. 1985. The Leadership of Groups in Orga-

nizations. Technical report. New Haven: Yale University Press.

Hajibagheri, Alireza, Lakkaraju, Kiran, Sukthankar, Gita, Wigand, Rolf T., and Agar-

wal, Nitin. 2015. “Conflict and Communication in Massively-Multiplayer Online

Games.” In Social Computing, Behavioral-Cultural Modeling, and Prediction: 8th

International Conference, 65–74. https://doi.org/10.1007/978-3-319-16268-3{\ }7.
https://link.springer.com/10.1007/978-3-319-16268-3 7.

Hajibagheri, Alireza, Sukthankar, Gita, Lakkaraju, Kiran, Alvari, Hamidreza, Wigand,

Rolf T., and Agarwal, Nitin. 2018. “Using Massively Multiplayer Online Game Data

to Analyze the Dynamics of Social Interactions.” Chap. 14 in Social Interactions in

Virtual Worlds, 1st ed., edited by Kiran Lakkaraju, Gita Sukthankar, and Rolf T.

Wigand, 375–416. Cambridge: Cambridge University Press. isbn: 9781316422823.

https://doi.org/10.1017/9781316422823.015.

58

http://dx.doi.org/10.5465/amj.2013.0991%5Cnhttp://www.jstor.org/stable/3649586%5Cnhttp://www.tandfonline.com/doi/abs/10.1080/0144929X.2012.719033%5CnWOS:000264407600001
http://dx.doi.org/10.5465/amj.2013.0991%5Cnhttp://www.jstor.org/stable/3649586%5Cnhttp://www.tandfonline.com/doi/abs/10.1080/0144929X.2012.719033%5CnWOS:000264407600001
http://dx.doi.org/10.5465/amj.2013.0991%5Cnhttp://www.jstor.org/stable/3649586%5Cnhttp://www.tandfonline.com/doi/abs/10.1080/0144929X.2012.719033%5CnWOS:000264407600001
https://doi.org/10.1177/0149206314559946
https://doi.org/10.1177/0149206314559946
https://doi.org/10.4324/9780203701942-14
https://doi.org/10.1007/978-3-319-16268-3{\_}7
https://link.springer.com/10.1007/978-3-319-16268-3_7
https://doi.org/10.1017/9781316422823.015


Hennig, Marina, Brandes, Ulrik, Pfeffer, Jürgen, and Mergel, Ines. 2012. Studying Social

Networks: A Guide to Empirical Research. Campus Verlag.

Hernandez, Morela, Eberly, Marion B., Avolio, Bruce J., and Johnson, Michael D. 2011.

“The loci and mechanisms of leadership: Exploring a more comprehensive view of

leadership theory.” Leadership Quarterly 22 (6): 1165–1185. issn: 10489843. https:

//doi.org/10.1016/j.leaqua.2011.09.009. http://dx.doi.org/10.1016/j.leaqua.2011.

09.009.

Herold, David M. 1978. “ Improving the Performance Effectiveness of Groups Through

a Task-Contingent Selection of Intervention Strategies.” Academy of Management

Review 3 (2): 315–325. issn: 0363-7425. https://doi.org/10.5465/amr.1978.4294976.

Hill, Gayle W. 1982. “Group versus individual performance: Are N + 1 heads better

than one?” Psychological Bulletin 91 (3): 517–539. issn: 00332909. https://doi.org/

10.1037/0033-2909.91.3.517.

Hoch, Julia E and Kozlowski, Steve W. J. 2014. “Leading Virtual Teams: Hierarchical

Leadership , Structural Supports , and Shared Team Leadership.” Journal of Applied

Psychology 99 (3): 390–403. https://doi.org/http://dx.doi.org/10.1037/a0030264.

Hoppe, Bruce and Reinelt, Claire. 2010. “Social network analysis and the evaluation of

leadership networks.” Leadership Quarterly 21 (4): 600–619. issn: 10489843. https:

//doi.org/10.1016/j.leaqua.2010.06.004. http://dx.doi.org/10.1016/j.leaqua.2010.

06.004.

Hosking, Dian Marie. 1988. “Organizing, Leadership and Skilful Process.” Journal of

Management Studies 25 (2): 1–43. https://doi.org/https://doi.org/10.1111/j.1467-

6486.1988.tb00029.x.

House, R., Rousseau, D. M., and Thomashunt, M. 1995. “The meso paradigm: A frame-

work for integration of micro and macro organizational.” In Research in Organiza-

tional Behavior, edited by Cummings L. L. and B. Staw, 71–114. Greenwich: JAI

Press.

Huang, Siyuan and Cummings, Jonathon N. 2011. “When Critical Knowledge Is Most

Critical: Centralization in Knowledge-Intensive Teams.” Small Group Research 42

(6): 669–699. issn: 10464964. https://doi.org/10.1177/1046496411410073.

Ilgen, Daniel R., Hollenbeck, John R., Johnson, Michael, and Jundt, Dustin. 2005.

“Teams in Organizations: From Input-Process-Output Models to IMOI models.”

Annual Review of Psychology 56:517–543. issn: 00664308. https://doi.org/10.1146/

annurev.psych.56.091103.070250.

Jokisaari, Markku. 2016. “A Social Network Approach to Examining Leadership.” Chap. 11

in Handbook of Methods in Leadership Research, 1–56. Edward Elgar Publishing.

59

https://doi.org/10.1016/j.leaqua.2011.09.009
https://doi.org/10.1016/j.leaqua.2011.09.009
http://dx.doi.org/10.1016/j.leaqua.2011.09.009
http://dx.doi.org/10.1016/j.leaqua.2011.09.009
https://doi.org/10.5465/amr.1978.4294976
https://doi.org/10.1037/0033-2909.91.3.517
https://doi.org/10.1037/0033-2909.91.3.517
https://doi.org/http://dx.doi.org/10.1037/a0030264
https://doi.org/10.1016/j.leaqua.2010.06.004
https://doi.org/10.1016/j.leaqua.2010.06.004
http://dx.doi.org/10.1016/j.leaqua.2010.06.004
http://dx.doi.org/10.1016/j.leaqua.2010.06.004
https://doi.org/https://doi.org/10.1111/j.1467-6486.1988.tb00029.x
https://doi.org/https://doi.org/10.1111/j.1467-6486.1988.tb00029.x
https://doi.org/10.1177/1046496411410073
https://doi.org/10.1146/annurev.psych.56.091103.070250
https://doi.org/10.1146/annurev.psych.56.091103.070250


Bibliography

Katz, Daniel. 1978. The Social Psychology of Organizations. 2nd ed. New York: Wiley.

isbn: 0471023558.

Korsgaard, Audrey, Picot, Arnold, Wigand, Rolf T., Welpe, Isabell M., and Assmann,

Jakob. 2010. “Cooperation, Coordination, and Trust in Virtual Teams: Insights

from Virtual Games.” Chap. 20 in Online Worlds: Convergence of the Real and the

Virtual. Human-Computer Interaction Series, edited by William Sims Bainbridge,

253–264. London: Springer. isbn: 978-1-84882-824-7. https://doi.org/10.1007/978-

1-84882-825-4.

Kozlowski, Steve W. J. and Bell, Bradford S. 2012. “Work Groups and Teams in Or-

ganizations.” Chap. 17 in Handbook of Psychology, Industrial and Organizational

Psychology: Industrial and Organizational Psychology, edited by N. W. Schmitt, S.

Highhouse, I. B. Weiner, R. J. Klimoski, and I. Weiner, 412–469. Somerset: John

Wiley & Sons, Inc. https://doi.org/10.1002/9781118133880.hop212017.

Kozlowski, Steve W. J. and Klein, Katherine J. 2000. “A multilevel approach to theory

and research in organizations: Contextual, temporal, and emergent processes.” In

Multilevel theory, research, and methods in organizations: Foundations, extensions,

and new directions, edited by Steve W. J. Kozlowski and Katherine J. Klein, 3–90.

San Francisco: Jossey-Bass Publishers.

Krackhardt, David and Hanson, Jeffrey R. 1993. “Informal networks: The company

behind the charts.” Harvard Business Review 71 (4): 104–111.

Leenders, Roger Th A.J., Contractor, Noshir S., and DeChurch, Leslie A. 2016. “Once

upon a time: Understanding team processes as relational event networks.” Organi-

zational Psychology Review 6 (1): 92–115. https://doi.org/10.1177/2041386615578

312.

Levesque, Laurie L., Wilson, Jeanne M., and Wholey, Douglas R. 2001. “Cognitive diver-

gence and shared mental models in software development project teams.” Journal

of Organizational Behavior 22 (2): 135–144. issn: 08943796. https://doi.org/10.

1002/job.87.

Li, Ning, Zhao, Helen H., Walter, Sheryl L., Zhang, Xin An, and Yu, Jia. 2015. “Achieving

More With Less: Extra Milers’ Behavioral Influences in Teams.” Journal of Applied

Psychology 100 (4): 1025–1039. issn: 00219010. https : / / doi . org / 10 . 1037 / apl

0000010.

Lord, Robert G., Day, David V., Zaccaro, Stephen J., Avolio, Bruce J., and Eagly,

Alice H. 2017. “Leadership in Applied Psychology: Three Waves of Theory and

Research.” Journal of Applied Psychology 102 (3): 434–451. https://doi.org/http:

//dx.doi.org/10.1037/apl0000089.supp.

60

https://doi.org/10.1007/978-1-84882-825-4
https://doi.org/10.1007/978-1-84882-825-4
https://doi.org/10.1002/9781118133880.hop212017
https://doi.org/10.1177/2041386615578312
https://doi.org/10.1177/2041386615578312
https://doi.org/10.1002/job.87
https://doi.org/10.1002/job.87
https://doi.org/10.1037/apl0000010
https://doi.org/10.1037/apl0000010
https://doi.org/http://dx.doi.org/10.1037/apl0000089.supp
https://doi.org/http://dx.doi.org/10.1037/apl0000089.supp


Lungeanu, Alina, DeChurch, Leslie A., and Contractor, Noshir S. 2022. “Leading teams

over time through space: Computational experiments on leadership network archetypes.”

Leadership Quarterly, no. November 2021, 101595. issn: 10489843. https://doi.org/

10.1016/j.leaqua.2021.101595. https://doi.org/10.1016/j.leaqua.2021.101595.

Marks, Michelle A., Mathieu, John E., and Zaccaro, Stephen J. 2001. “A temporally

based framework and taxonomy of team processes.” Academy of Management Re-

view 26 (3): 356–376. issn: 03637425. https://doi.org/10.5465/AMR.2001.4845785.

Mathieu, John E., Goodwin, Gerald F., Heffner, Tonia S., Salas, Eduardo, and Cannon-

Bowers, Janis A. 2000. “The Influence of Shared Mental Models on Team Process

and Performance.” Journal of Applied Psychology 85 (2): 273–283. issn: 00219010.

https://doi.org/10.1037/0021-9010.85.2.273.

Mathieu, John E., Hollenbeck, John R., Knippenberg, Daan Van, and Ilgen, Daniel R.

2017. “A Century of Work Teams in the Journal of Applied Psychology.” Journal

of Applied Psychology 102 (3): 452–467. issn: 00219010. https ://doi . org/http :

//dx.doi.org/10.1037/apl0000128.

Mathieu, John E., Maynard, M. Travis, Rapp, Tammy, and Gilson, Lucy. 2008. “Team

Effectiveness 1997-2007: A Review of Recent Advancements and a Glimpse Into

the Future.” Journal of Management 34, no. 3 (June): 410–476. issn: 0149-2063.

https://doi.org/10.1177/0149206308316061. http://journals.sagepub.com/doi/10.

1177/0149206308316061.

Mayer, Roger C., Davis, James H., and Schoorman, F. David. 1995. “An Integrative

Model of Organizational Trust.” The Academy of Management Review 20 (3): 709–

734. issn: 03637425. https ://doi .org/10.2307/258792. http://www.jstor .org/

stable/258792?origin=crossref.

Mayo, Margarita, Meindl, James R., and Pastor, Juan-Carlos. 2003. “Shared Leadership

in Work Teams - A Social Network Approach.” Chap. 9 in Shared Leadership -

Reframing the Hows and Whys of Leadership, 1st ed., edited by Craig L. Pearce

and Jay A. Conger, 193–214. Thousand Oaks, CA: Sage Publications.

McGrath, Joseph E. 1984.Groups: Interaction and Performance. Englewood Cliffs: Pren-

tice Hall. isbn: 0-13-365700-0.

Mcgrath, Joseph E. 1991. “Time, Interaction, and Performance (TIP).” Small Group

Research 22, no. 2 (May): 147–174. issn: 1046-4964. https ://doi .org/10 .1177/

1046496491222001. http://journals.sagepub.com/doi/10.1177/1046496491222001.

Mehra, Ajay, Dixon, Andrea L., Brass, Daniel J., and Robertson, Bruce. 2006. “The

Social Network Ties of Group Leaders: Implications for Group Performance and

Leader Reputation.” Organization Science 17 (1): 64–79. issn: 1047-7039. https:

//doi.org/10.1287/orsc.1050.0158.

61

https://doi.org/10.1016/j.leaqua.2021.101595
https://doi.org/10.1016/j.leaqua.2021.101595
https://doi.org/10.1016/j.leaqua.2021.101595
https://doi.org/10.5465/AMR.2001.4845785
https://doi.org/10.1037/0021-9010.85.2.273
https://doi.org/http://dx.doi.org/10.1037/apl0000128
https://doi.org/http://dx.doi.org/10.1037/apl0000128
https://doi.org/10.1177/0149206308316061
http://journals.sagepub.com/doi/10.1177/0149206308316061
http://journals.sagepub.com/doi/10.1177/0149206308316061
https://doi.org/10.2307/258792
http://www.jstor.org/stable/258792?origin=crossref
http://www.jstor.org/stable/258792?origin=crossref
https://doi.org/10.1177/1046496491222001
https://doi.org/10.1177/1046496491222001
http://journals.sagepub.com/doi/10.1177/1046496491222001
https://doi.org/10.1287/orsc.1050.0158
https://doi.org/10.1287/orsc.1050.0158


Bibliography

Monge, Peter R. and Contractor, Noshir S. 2003. Theories of Communication Networks.

1st ed. Oxford: Oxford University Press.

Mullen, Brian, Johnson, Craig, and Salas, Eduardo. 1991. “Effects of communication

network structure: Components of positional centrality.” Social Networks 13 (2):

169–186. https://doi.org/10.1016/0378-8733(91)90019-P.

Müller, Siegfried, Ghawi, Raji, and Pfeffer, Jürgen. 2020. “Using Communication Net-

works to Predict Team Performance in Massively Multiplayer Online Games.” In

IEEE/ACM International Conference on Advances in Social Networks Analysis and

Mining (ASONAM), 353–360. The Hague, Netherlands (virtual), Dec 7-10. isbn:

9781728110561.

. 2022. “Identifying Power Elites in Massively Multiplayer Online Games by Ap-

plying Machine Learning to Communication and Support Networks.” In IEEE/ACM

International Conference on Advances in Social Networks Analysis and Mining

(ASONAM), 277–284. isbn: 9781665456616. https : //doi . org /10 .1109/ASONA

M55673.2022.10068676.

. 2023. “Reviewing the potentials of MMOGs as research environments: A case

study from the strategy game Travian.” PLoS ONE, 1–32.

Naylor, James C. and Dickinson, Terry L. 1969. “Task structure, work structure, and

team performance.” Journal of Applied Psychology 53 (3): 167–177. issn: 00219010.

https://doi.org/10.1037/h0027350.

Nicolaides, Vias C., LaPort, Kate A., Chen, Tiffani R., Tomassetti, Alan J., Weis, Eric J.,

Zaccaro, Stephen J., and Cortina, Jose M. 2014. “The shared leadership of teams: A

meta-analysis of proximal, distal, and moderating relationships.” Leadership Quar-

terly 25 (5): 923–942. issn: 10489843. https://doi.org/10.1016/j.leaqua.2014.06.006.

http://dx.doi.org/10.1016/j.leaqua.2014.06.006.

Nieva, Veronica F., Fleishman, Edwin A., and Rieck, Angela. 1983. Team Dimensions:

Their Identity, Their Measurement and Their Relationships. Technical report Jan-

uary 1985. U. S.Army- Research Institute for Behavioral and Social Sciences.

Nohria, Nitin and Eccles, Robert G. 1992. Networks and Organizations: Structure, Form

and Action. Boston: Harvard Business School Press.

Oh, Hongseok, Chung, Myung H.O., and Labianca, Giuseppe. 2004. “Group social capital

and group effectiveness: The role of informal socializing ties.” Academy of Manage-

ment Journal 47 (6): 860–875. issn: 00014273. https://doi.org/10.5465/20159627.

62

https://doi.org/10.1016/0378-8733(91)90019-P
https://doi.org/10.1109/ASONAM55673.2022.10068676
https://doi.org/10.1109/ASONAM55673.2022.10068676
https://doi.org/10.1037/h0027350
https://doi.org/10.1016/j.leaqua.2014.06.006
http://dx.doi.org/10.1016/j.leaqua.2014.06.006
https://doi.org/10.5465/20159627


Parker, Marla and Welch, Eric W. 2013. “Professional networks, science ability, and gen-

der determinants of three types of leadership in academic science and engineering.”

Leadership Quarterly 24 (2): 332–348. issn: 10489843. https://doi.org/10.1016/j.

leaqua.2013.01.001. http://dx.doi.org/10.1016/j.leaqua.2013.01.001.

Pearce, Craig L. and Barkus, Bruce. 2004. “The Future of Leadership: Combining Verti-

cal and Shared Leadership to Transform Knowledge Work.” The Academy of Man-

agement Executive 18 (1): 47–59. issn: 03608581. https://doi.org/10.1109/emr.

2006.1679080.

Pearce, Craig L. and Conger, Jay A. 2003a. “All Those Years Ago.” Chap. 1 in Shared

Leadership: Reframing the Hows and Whys of Leadership, edited by Craig L. Pearce

and Jay A. Conger, 1–18. Thousand Oaks, CA: Sage Publications.

. 2003b. Shared Leadership: Reframing the Hows and Whys of Leadership. Thou-

sand Oaks, CA: Sage Publications.

Pearce, Craig L., Conger, Jay A., and Locke, Edwin A. 2008. “Shared leadership theory.”

The Leadership Quarterly 19 (5): 622–628. https://doi.org/10.1016/j.leaqua.2008.

07.005.

Picot, Arnold, Assmann, Jakob, Audrey Korsgaard, M., Welpe, Isabell M., Gallenkamp,

Julia V., and Wigand, Rolf T. 2009. “A Multi-Level View of the Antecedents and

Consequences of Trust in Virtual Leaders.” In 15th Americas Conference on Infor-

mation Systems 2009, AMCIS 2009, 3:1790–1800. isbn: 9781615675814.

Porter, Caitlin M. and Woo, Sang Eun. 2015. “Untangling the Networking Phenomenon:

A Dynamic Psychological Perspective on How and Why People Network.” Journal

of Management 41 (5): 1477–1500. issn: 15571211. https : / / doi . org / 10 . 1177 /

0149206315582247.

Quintane, Eric, Pattison, Philippa E., Robins, Garry L., and Mol, Joeri M. 2013. “Short-

and long-term stability in organizational networks: Temporal structures of project

teams.” Social Networks 35 (4): 528–540. issn: 03788733. https://doi.org/10.1016/

j.socnet.2013.07.001. http://dx.doi.org/10.1016/j.socnet.2013.07.001.

Reagans, Ray, Zuckerman, Ezra, and McEvily, Bill. 2004. “How to Make the Team:

Social Networks vs. Demography as Criteria for Designing Effective Teams.” Ad-

ministrative Science Quarterly 49 (1): 101–133.

Riedl, Bettina C., Gallenkamp, Julia V., Picot, Arnold, and Welpe, Isabell M. 2012.

“Antecedents of Transactive Memory Systems in Virtual Teams – The Role of

Communication, Culture, and Team Size.” In Proceedings of the Annual Hawaii In-

ternational Conference on System Sciences, 465–474. isbn: 9780769545257. https:

//doi.org/10.1109/HICSS.2012.655.

63

https://doi.org/10.1016/j.leaqua.2013.01.001
https://doi.org/10.1016/j.leaqua.2013.01.001
http://dx.doi.org/10.1016/j.leaqua.2013.01.001
https://doi.org/10.1109/emr.2006.1679080
https://doi.org/10.1109/emr.2006.1679080
https://doi.org/10.1016/j.leaqua.2008.07.005
https://doi.org/10.1016/j.leaqua.2008.07.005
https://doi.org/10.1177/0149206315582247
https://doi.org/10.1177/0149206315582247
https://doi.org/10.1016/j.socnet.2013.07.001
https://doi.org/10.1016/j.socnet.2013.07.001
http://dx.doi.org/10.1016/j.socnet.2013.07.001
https://doi.org/10.1109/HICSS.2012.655
https://doi.org/10.1109/HICSS.2012.655


Bibliography

Robins, Garry, Snijders, Tom, Wang, Peng, Handcock, Mark, and Pattison, Philippa.

2007. “Recent developments in exponential random graph (p*) models for social

networks.” Social Networks 29 (2): 192–215. issn: 03788733. https://doi.org/10.

1016/j.socnet.2006.08.003.

Roby, Thornton B. and Lanzetta, John T. 1958. “Considerations in the analysis of group

tasks.” Psychological Bulletin 55 (2): 88–101. issn: 00332909. https://doi.org/10.

1037/h0047233.

Ross, Travis L., Castronova, Edward, and Wagner, Gert G. 2012. “Empirical Research

Methods in Virtual Worlds.” Chap. 18 in Online Research Methods in Urban and

Planning Studies: Design and Outcomes, edited by Carlos Nunes Silva, 299–311. IGI

Global. isbn: 978-1-4666-0074-4. https://doi.org/10.4018/978-1-4666-0074-4.ch018.

Sarker, Saonee, Ahuja, Manju K., Sarker, Suprateek, and Kirkeby, Sarah. 2011. “The

Role of Communication and Trust in Global Virtual Teams: A Social Network Per-

spective.” Journal of Management Information Systems 28 (1): 273–310. issn: 0742-

1222. https://doi.org/10.2753/mis0742-1222280109.

Scott-Young, Christina M., Georgy, Maged, and Grisinger, Andrew. 2019. “Shared lead-

ership in project teams: An integrative multi-level conceptual model and research

agenda.” International Journal of Project Management 37 (4): 565–581. issn: 02637863.

https://doi .org/10.1016/j. ijproman.2019.02.002. https://doi .org/10.1016/j.

ijproman.2019.02.002.

Seidman, Stephen B. 1983. “Network structure and minimum degree.” Social Networks

5 (3): 269–287. issn: 03788733. https://doi.org/10.1016/0378-8733(83)90028-X.

Shaw, Marvin E. 1955. “A Comparison of Two Types of Leadership in Various Commu-

nication Nets.” Journal of Abnormal and Social Psychology 50 (1): 127–134. issn:

0096851X. https://doi.org/10.1037/h0041129.

. 1981. Group dynamics. 3rd ed. New York: McGraw- Hill.

Shea, Gregory P. and Guzzo, Richard A. 1987. “Group Effectiveness: What Really Mat-

ters?” Sloan Management Review1 28 (3).

Shim, Kyong Jin, Sharan, Richa, and Srivastava, Jaideep. 2010. “Player performance

prediction in massively multiplayer online role-playing games (MMORPGs).” In

Advances inKnowledge Discoveryand Data Mining, vol. 6119 LNAI, 71–80. PART

2. isbn: 3642136710. https://doi.org/10.1007/978-3-642-13672-6{\ }8.

Slater, Philip E. 1958. “Contrasting Correlates of Group Size.” Sociometry 21 (2): 129–

139.

Snijders, Tom A. B. 2001. “The Statistical Evaluation of Social Network Dynamics.”

Sociological Methodology 31:361–395.

64

https://doi.org/10.1016/j.socnet.2006.08.003
https://doi.org/10.1016/j.socnet.2006.08.003
https://doi.org/10.1037/h0047233
https://doi.org/10.1037/h0047233
https://doi.org/10.4018/978-1-4666-0074-4.ch018
https://doi.org/10.2753/mis0742-1222280109
https://doi.org/10.1016/j.ijproman.2019.02.002
https://doi.org/10.1016/j.ijproman.2019.02.002
https://doi.org/10.1016/j.ijproman.2019.02.002
https://doi.org/10.1016/0378-8733(83)90028-X
https://doi.org/10.1037/h0041129
https://doi.org/10.1007/978-3-642-13672-6{\_}8


. 2002. “Markov Chain Monte Carlo Estimation of Exponential Random Graph

Models.” Journal of Social Structure 8 (2).

Sparrowe, Raymond T. 2014. “Leadership and Social Networks: Initiating a Different

Dialog.” In The Oxford Handbook of Leadership and Organizations, edited by David

V Day, 434–454. Oxford: Oxford University Press. isbn: 9780199755615. https :

//doi.org/10.1093/oxfordhb/9780199755615.013.021. http://oxfordhandbooks.

com/view/10.1093/oxfordhb/9780199755615.001.0001/oxfordhb-9780199755615-e-

021.

Sparrowe, Raymond T., Liden, Robert C., Wayne, Sandy J., and Kraimer, Maria L.

2001. “Social networks and the performance of individuals and groups.” Academy

of Management Journal 44 (2): 316–325.

Steiner, I. D. 1972. Group Process and Productivity. New York: Academic Press.

Stewart, Greg L. 2006. “A Meta-Analytic Review of Relationships Between Team Design

Features and Team Performance.” Journal of Management 32 (1): 29–55. issn:

01492063. https://doi.org/10.1177/0149206305277792.

Stogdill, Ralph M. and Shartle, Carroll L. 1948. “Methods for determining patterns of

leadership behavior in relation to organization structure and objectives.” Journal

of Applied Psychology 32 (3): 286–291. issn: 00219010. https://doi.org/10.1037/

h0057264.

Sundstrom, Eric, De Meuse, Kenneth P., and Futrell, David. 1990. “Work teams: Appli-

cations and effectiveness.” American Psychologist 45 (2): 120–133. issn: 0003066X.

https://doi.org/10.1037/0003-066X.45.2.120.

Sundstrom, Eric, McIntyre, Micheal, Halfhill, Terry, and Richards, Heather. 2000. “Work

groups: From the Hawthorne studies to work teams of the 1990s and beyond.” Group

Dynamics 4 (1): 44–67. issn: 10892699. https://doi.org/10.1037/1089-2699.4.1.44.

Szell, Michael and Thurner, Stefan. 2010. “Measuring social dynamics in a massive mul-

tiplayer online game.” Social Networks 32 (4): 313–329. issn: 03788733. https://doi.

org/10.1016/j.socnet.2010.06.001. http://dx.doi.org/10.1016/j.socnet.2010.06.001.

Terman, Lewis M. 1916. The measurement of intelligence. Boston: Houghton, Mifflin /

Company. https://doi.org/10.1037/10014-000. http://content.apa.org/books/

10014-000.

Thakkar, Jitesh J. 2020. Structural Equation Modelling, 285:1–124. Singapur: Springer.

isbn: 9789811537929. https://doi.org/10.1007/978-981-15-3793-6{\ }1.

Tuckman, Bruce W. 1965. “Developmental sequence in small groups.” Psychological

Bulletin 63 (6): 384–399. issn: 00332909. https://doi.org/10.1037/h0022100.

65

https://doi.org/10.1093/oxfordhb/9780199755615.013.021
https://doi.org/10.1093/oxfordhb/9780199755615.013.021
http://oxfordhandbooks.com/view/10.1093/oxfordhb/9780199755615.001.0001/oxfordhb-9780199755615-e-021
http://oxfordhandbooks.com/view/10.1093/oxfordhb/9780199755615.001.0001/oxfordhb-9780199755615-e-021
http://oxfordhandbooks.com/view/10.1093/oxfordhb/9780199755615.001.0001/oxfordhb-9780199755615-e-021
https://doi.org/10.1177/0149206305277792
https://doi.org/10.1037/h0057264
https://doi.org/10.1037/h0057264
https://doi.org/10.1037/0003-066X.45.2.120
https://doi.org/10.1037/1089-2699.4.1.44
https://doi.org/10.1016/j.socnet.2010.06.001
https://doi.org/10.1016/j.socnet.2010.06.001
http://dx.doi.org/10.1016/j.socnet.2010.06.001
https://doi.org/10.1037/10014-000
http://content.apa.org/books/10014-000
http://content.apa.org/books/10014-000
https://doi.org/10.1007/978-981-15-3793-6{\_}1
https://doi.org/10.1037/h0022100


Bibliography

Uhl-Bien, Mary. 2006. “Relational Leadership Theory: Exploring the social processes of

leadership and organizing.” Leadership Quarterly 17 (6): 654–676. issn: 10489843.

https://doi.org/10.1016/j.leaqua.2006.10.007.

Uhlemann, Kai Frank. 2023. “A Dynamic View on Team Relationships : Development

and Con- sequences of Interpersonal Relationships in Teams.” PhD diss., Technical

University of Munich. https://mediatum.ub.tum.de/?id=1662955.

Wageman, Ruth, Gardner, Heidi, and Mortensen, Mark. 2012. “The changing ecology of

teams: New directions for teams research.” Journal of Organizational Behavior 33

(3): 301–315. issn: 08943796. https://doi.org/10.1002/job.1775.

Wang, Danni, Waldman, David A., and Zhang, Zhen. 2014. “A meta-analysis of shared

leadership and team effectiveness.” Journal of Applied Psychology 99 (2). https :

//doi.org/10.1037/a0034531.

Wasserman, Stanley and Pattison, Philippa. 1996. “Logit models and logistic regressions

for social networks: I. An introduction to Markov graphs andp.” Psychometrika 61,

no. 3 (September): 401–425. issn: 0033-3123. https://doi.org/10.1007/BF02294547.

http://link.springer.com/10.1007/BF02294547.

White, Leroy, Currie, Graeme, and Lockett, Andy. 2016. “Pluralized leadership in com-

plex organizations: Exploring the cross network effects between formal and informal

leadership relations.” Leadership Quarterly 27 (2): 280–297. issn: 10489843. https:

//doi.org/10.1016/j.leaqua.2016.01.004. http://dx.doi.org/10.1016/j.leaqua.2016.

01.004.

Wigand, Rolf T. 2018. “Virtual Organization and Online Games.” Chap. 8 in Social

Interactions in Virtual Worlds, 1st ed., edited by Kiran Lakkaraju, Gita Suk-

thankar, and Rolf T. Wigand, 191–217. Cambridge: Cambridge University Press.

isbn: 9781316422823. https://doi.org/10.1017/9781316422823.009.

Wigand, Rolf T., Agarwal, Nitin, Osesina, O. Isaac, Hering, Winfried, Korsgaard, Au-

drey, Picot, Arnold, and Drescher, Marcus. 2012. “Social network indices as per-

formance predictors in a virtual organization.” Proceedings of the 2012 4th Inter-

national Conference on Computational Aspects of Social Networks, CASoN 2012,

144–149. https://doi.org/10.1109/CASoN.2012.6412393.

Williams, Dmitri. 2010. “The mapping principle, and a research framework for virtual

worlds.” Communication Theory 20 (4): 451–470. issn: 10503293. https://doi.org/

10.1111/j.1468-2885.2010.01371.x.

66

https://doi.org/10.1016/j.leaqua.2006.10.007
https://mediatum.ub.tum.de/?id=1662955
https://doi.org/10.1002/job.1775
https://doi.org/10.1037/a0034531
https://doi.org/10.1037/a0034531
https://doi.org/10.1007/BF02294547
http://link.springer.com/10.1007/BF02294547
https://doi.org/10.1016/j.leaqua.2016.01.004
https://doi.org/10.1016/j.leaqua.2016.01.004
http://dx.doi.org/10.1016/j.leaqua.2016.01.004
http://dx.doi.org/10.1016/j.leaqua.2016.01.004
https://doi.org/10.1017/9781316422823.009
https://doi.org/10.1109/CASoN.2012.6412393
https://doi.org/10.1111/j.1468-2885.2010.01371.x
https://doi.org/10.1111/j.1468-2885.2010.01371.x


Williams, Dmitri, Contractor, Noshir, Poole, Marshall Scott, Srivastava, Jaideep, and

Cai, Dora. 2011. “The Virtual Worlds Exploratorium: Using Large-Scale Data and

Computational Techniques for Communication Research.” Communication Methods

and Measures 5 (2): 163–180. https://doi.org/https://doi.org/10.1080/19312458.

2011.568373.

Yee, Nick. 2006. “The labor of fun: How video games blur the boundaries of work and

play.” Games and Culture 1 (1): 68–71. issn: 15554120. https://doi.org/10.1177/

1555412005281819.

Yukl, Gary. 2012a. “Introduction and Overview.” Chap. 1 in Leadership in Organiza-

tions: Global Edition, 8th ed., edited by Gary Yukl, 17–38. Boston: Pearson Educa-

tion Limited. isbn: 9780273765707.

. 2012b. “Leadership Behavior.” Chap. 3 in Leadership in Organizations: Global

Edition, 8th ed., edited by Gary Yukl, 62–86. Pearson Education Limited. isbn:

9780273765660.

Zajonc, Robert B. and Smoke, William H. 1959. “Redundancy in task assignments and

group performance.” Psychometrika 24 (4): 361–369. issn: 00333123. https://doi.

org/10.1007/BF02289817.

Zenk, Lukas, Stadtfeld, Christoph, and Windhager, Florian. 2010. “How to analyze dy-

namic network patterns of high performing teams.” Procedia - Social and Behavioral

Sciences 2 (4): 6418–6422. issn: 18770428. https://doi.org/10.1016/j.sbspro.2010.

04.051. http://dx.doi.org/10.1016/j.sbspro.2010.04.051.

Zhang, Zhen and Peterson, Suzanne J. 2011. “Advice Networks in Teams: The Role

of Transformational Leadership and Members’ Core Self-Evaluations.” Journal of

Applied Psychology 96 (5): 1004–1017. issn: 00219010. https://doi.org/10.1037/

a0023254.

Zhu, Jinlong, Liao, Zhenyu, Yam, Kai Chi, and Johnson, Russell E. 2018. “Shared lead-

ership: A state-of-the-art review and future research agenda.” Journal of Organiza-

tional Behavior 39 (7): 834–852. issn: 10991379. https://doi.org/10.1002/job.2296.

Zhu, Mengxiao, Huang, Yun, and Contractor, Noshir S. 2013. “Motivations for self-

assembling into project teams.” Social Networks 35 (2): 251–264. issn: 03788733.

https://doi.org/10.1016/j.socnet.2013.03.001. http://dx.doi.org/10.1016/j.socnet.

2013.03.001.

Zohar, Dov. 2000. “A Group-Level Model of Safety Climate: Testing the Effect of Group

Climate on Microaccidents in Manufacturing Jobs.” Journal of Applied Psychology

85 (4): 587–596. issn: 00219010. https://doi.org/10.1037/0021-9010.85.4.587.

67

https://doi.org/https://doi.org/10.1080/19312458.2011.568373
https://doi.org/https://doi.org/10.1080/19312458.2011.568373
https://doi.org/10.1177/1555412005281819
https://doi.org/10.1177/1555412005281819
https://doi.org/10.1007/BF02289817
https://doi.org/10.1007/BF02289817
https://doi.org/10.1016/j.sbspro.2010.04.051
https://doi.org/10.1016/j.sbspro.2010.04.051
http://dx.doi.org/10.1016/j.sbspro.2010.04.051
https://doi.org/10.1037/a0023254
https://doi.org/10.1037/a0023254
https://doi.org/10.1002/job.2296
https://doi.org/10.1016/j.socnet.2013.03.001
http://dx.doi.org/10.1016/j.socnet.2013.03.001
http://dx.doi.org/10.1016/j.socnet.2013.03.001
https://doi.org/10.1037/0021-9010.85.4.587

	Abstract
	Zusammenfassung
	Publications
	Table of Contents
	Introduction
	Intra-team dynamics and team performance
	Performance: Exploring what makes teams successful
	Processes: The interaction of team members
	Input factor: Organizational
	Input factor: Team
	Membership and team size
	Performing tasks
	Shared goals
	Task interdependence
	Social interaction and virtuality
	Team boundaries
	Organizational context

	Input factor: Individual

	Organizational Network Analysis
	Social Network Analysis (SNA): An alternative approach toward understanding team processes and success
	Structural patterns in the study of leadership and elites
	Interaction networks: Informal connections and what they are able to unveil

	Research in the Travian universe: history, game description and data collection
	The history of MMOGs as research environments
	Research in the Travian universe
	Introduction to the world of Travian
	The history of the raw data collection for the Travian research project
	Processing of the raw data
	Overview of available data

	Peer reviewed publications
	Using Communication Networks to Predict Team Performance in Massively Multiplayer Online Games
	Identifying Power Elites in Massively Multiplayer Online Games by Applying Machine Learning to Communication and Support Networks
	Reviewing the potentials of MMOGs as research environments: A case study from the strategy game Travian
	Improving team performance prediction in MMOGs with temporal communication networks
	Discussion
	Achievements and contributions
	Successful predictions
	Virtual worlds map real world

	General considerations of MMOGs as research environments
	Obstacles and limitations
	Applicability of the available data
	Delineation issues: the role of group size and temporal aspects
	Statistical limitations

	Future Work
	Conclusion

	Bibliography

