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Abstract. There is a wealth of psychological theory regarding the drive
for individuals to congregate and form social groups, positing that people
may organize out of fear, social pressure, or even to manage their self-
esteem. We evaluate three such theories for multi-scale validity by study-
ing them not only at the individual scale for which they were originally
developed, but also for applicability to group interactions and behavior.
We implement this multi-scale analysis using a dataset of communica-
tions and group membership derived from a long-running online game,
matching the intent behind the theories to quantitative measures that
describe players’ behavior. Once we establish that the theories hold for
the dataset, we increase the scope to test the theories at the higher scale
of group interactions. Despite being formulated to describe individual
cognition and motivation, we show that some group dynamics theories
hold at the higher level of group cognition and can effectively describe
the behavior of joint decision making and higher-level interactions.
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1 Introduction

Emergent organization is a key characteristic of complex social systems, and as
such, social science researchers have done significant work to understand how
people organize themselves into groups [8,1,12]. However, the majority of this
research has focused on the individual-scale, studying how and why people form
and join groups with little attention paid to the dynamics at higher scales [22].
This individual focus, however, has left group-level interactions largely unex-
plained. A better understanding of how scalable various theories are provides
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information on the social dynamics and causal foundations behind group behav-
ior, with broad applicability including terrorist group emergence, international
alliances, protesting behavior, and scientific research communities.

This article addresses this problem by evaluating the hypothesis that cross-
scale emergence of groups and recursive interactions have similarities at different
scales. Emergent organization is fundamental to social system dynamics [10],
where individuals with heterogeneous traits and behaviors organize themselves
into groups with their own distinct characteristics and behaviors. These groups
can exist at any scale, from a few individuals to collections of countries, and
individuals can associate with many groups. Groups can influence individuals,
interact with each other, and form groups of groups. The complexities of group
dynamics influence group emergence, recursive interactions, and the multi-scale
nature of these systems makes understanding them difficult, but by testing the
hypothesis that different scales of group dynamics have similar tendencies, we
can begin to evaluate whether the substantial social science research that has
been done at the individual scale might also apply at higher scales, facilitating
new investigation into these complex dynamics.

To this end, we study the data from a massively multiplayer online game
(MMOG) that we will refer to as Game X [18], in which players can interact
and join explicit groups called guilds. Using online gaming datasets to study
social group dynamics is not uncommon for this type of research, with well
documented benefits and drawbacks for social science research [6]. Examinations
of online games have spanned from interviews with players to data-driven studies
that build models to mimic the behavior observed in the game [24, 13]. Such
studies have even extended to epidemiology and, most relevant to this work,
the analysis of social ties between players [2,7]. These studies leverage many
of the benefits of using MMOGs as interesting social science test beds [14],
allowing for the detailed observation of in-game behaviors that would be largely
unobtainable from real-world social interactions. Game X is particularly useful
for investigating the multi-scale potential of group formation theory because in
addition to players interacting to form casual groups, the guild construct allows
players to declare explicit groups that provide rich temporal data for study.

To investigate the multi-scale nature of group formation theory, we tested
a set of existing theories, all of which were initially developed to explain group
formation at the individual scale, on the dataset at both the individual and
group levels. This analysis helps us to understand whether the data supports
the selected theories in general, as well as whether the data suggests that the
theories hold at higher scales. This analysis is an initial step in understanding
whether multi-scale group dynamics theory is likely to exist, whether individual-
level theory on group formation holds at the higher scale, and whether there are
parts of the theory that hold better than others. Using this framework to guide
our investigation, we show that some existing individual-level theory does hold at
multiple scales, thus demonstrating that there is potential for multi-scale theory
on group formation.
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2 Testing Existing Theory at Multiple Scales

2.1 Dataset Description

The theories discussed in this work were chosen based on both their potential
for applicability at multiple scales and their relevance to the game dataset, and
then interpreted based on available data. We then tested these theories at both
the individual level, looking at individuals joining groups, and the group level,
looking at groups merging together into larger groups or decaying as they lose
subgroups of their membership. All data on social interactions were derived
from the Game X dataset, a game where players move in a 2-D world gathering
resources, interacting with other players, and building infrastructure such as
factories, market centers and cities. Game X is open-ended with no specified
win conditions, and has been online for more than a decade with hundreds of
players.

A key characteristic of this study is the ability of Game X players to organize
themselves into guilds as player-led groups that have a private communication
mechanism. In the game, players are not required to join guilds, and guild mem-
bership is entirely voluntary, although it does hold benefits. Guilds are a major
part of the game and effectively function as quasi-states that control territory.
Guilds can range in size from just 2 players to more than hundreds. Combat often
erupts between guilds as they fight over access to resources, territory, differences
in culture, or as retribution to actual or perceived slights. Additionally, trade
is a central part of the game in order to build more advanced structures and
vehicles, including multi-step supply chains involving numerous players that are
often managed by guilds. This work uses a dataset encompassing a real-world
time period of over 2 years, and contains information about player trade, combat,
and communications.

Guild level events of particular interest in this paper include lifecycle events
where the guild as a whole undergoes a significant change in its membership.
These events fall into multiple categories that are mentioned throughout the
paper: birth, death, growth, loss, and merge events. Birth and death events are
simply defined as the moments the guild is officially created and disbanded within
the game. Guilds always have contiguous lifespans and at least one member; if a
guild collapses down to no members and the players wish to reform later, they
must form a new independent guild via a new guild birth event. Additionally,
players are free to join and leave guilds at any point, and a guild can die simply
from all of its members joining other guilds or choosing to be independent. In
contrast, growth and loss events are interpreted based on periods of time with
abnormal change in membership for guilds. For this work, we analyze two week
long time windows, defining an abnormal period as gross gain or loss of members
greater than two standard deviations from the mean value for all possible guilds
over all possible time windows. Abnormal periods are then filtered such that
no growth or loss events overlap with each other. Finally, merge events are a
subset of growth and loss events where at least on quarter of players involved in
the event all join or originate from the same guild within the two week period
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following/preceding the event. For example, if twelve players leave Guild A at
once (qualifying as a loss event) and four of those players all join Guild B within
two weeks, then it would also be categorized as a merge event. Likewise if twelve
players join Guild B and four of them come from Guild A then it also qualifies
as a merge event.

2.2 Group Cohesiveness

Group cohesiveness theory says that people in highly cohesive groups are moti-
vated to stay in those groups, and to contribute to and advance the group as a
whole [5]. This in turn contributes to the group’s potency and vitality, leading
to healthier groups and greater longevity. Further, it has been theorized that
as groups survive longer they become more cohesive, manifesting an increasing
density and shrinking average distance over time between members [19]. We
considered cohesiveness in the Game X dataset to be based on the social net-
work defined by communication frequency between players. We developed this
network using a 7-day window of messaging between players; for a given time
record x, two nodes u and v have an edge between them of weight w, where w is
the raw number of communications between nodes v and v in the time window
t = [z — 7, z]. To define distance between nodes, we used the normalized inverse
weight, dy., = Waug/Wuw , such that the distance between nodes reflects the
closeness of the relationship relative to all other relationships in the network.

Using this representation, we determined cohesiveness of social networks by
calculating the normalized harmonic closeness centrality, a measure of how close
each node is to every other node in the network. The normalized harmonic
centrality is calculated for a node u as

H(u) = 2; dl (1)

where N is the total number of nodes in the network [21,20]. We used this
value as a measure for how deeply ingrained individuals are within their social
networks, and the average normalized centrality to measure of how dense the
network is at critical points.

The theory of group cohesiveness suggests that healthier guilds have higher
average centralities, and that individuals with higher centrality within their re-
spective guilds are more socially ingrained and thus less likely to leave. We began
testing this theory by comparing the average centrality of individuals in guilds
that are undergoing no guild changes (our control group) to those in the week
before they leave their guild (either to remain independent or to join another
guild). Indeed, Table 1 shows that guild members about to leave their guilds
have lower average centrality than those who are stable in their guilds, sup-
porting the theory of group cohesiveness at the individual scale. Interestingly,
guilds undergoing loss events show similar drops in average centrality across the
guild. This average centrality is calculated guild wide, including players that
remain in the guild after the event. When narrowed to merge events the average
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centrality drops even further. This suggests that not only are the individuals
leaving guilds less connected to their neighbors than those in stable guild mem-
bership situations, but guilds as a whole become less centralized as they near
periods of instability. The above results intuitively confirms group cohesiveness

Table 1. Centrality values for guilds undergoing different life cycle events and how
they differ from a stable guild. tables.

Average Difference from

Centrality Healthy Guild
Stable Guild 0.70 N/A
Guild Change 0.55 21%
Loss Event 0.57 19%
Merge Event 0.51 28%

theory as an indicator of guild stability on the individual level, leading to further
investigation into the multiscale validity of the theory. To this end, we study a
higher level in-game social network where the nodes are groups, and ties between
them are messages sent by any member of one group to any member of another.
This guild-to-guild network represents the positions of guilds within the over-
all context of the game. Messaging rates between guilds are chosen over other
guild-level connections for consistency with the individual level analysis above
to facilitate the comparison. In this formulation, a guild leaving the network is
analogous to a guild dying out entirely, while large-scale loss events represent
guilds that are able to survive sudden drops in membership. Using these events
as our focus times, we found that the average guild to guild centrality across
all guilds in the network holds fairly steady across timesteps at H,,, = 0.44,
while the centrality of guilds preceding a death event reaches Hyeqip, = 0.32 at
its minimum and Hgeqep, = 0.39 in the final time step before the event. Guilds
undergoing loss events that don’t lead to their deaths, however, actually show a
spike in guild to guild centrality up to a maximum of Hj,ss = 0.66 in the final
timestep before the event. This is partially explained by players leaving during
these loss events messaging other guilds to find new groups to join; however,
looking at longer time horizons reveals further nuance. Fig. 1 demonstrates that
while guilds do see a drop in centrality before death and a growth in centrality
before loss events, this is part of an overall trend where dying guilds have lower
stable centrality than average, while those that survive their loss events have a
higher stable average centrality. This phenomenon fits well with group cohesive-
ness theory, in that guilds that are more central to the Game X social network
are a part of a healthier subsystem and are thus more resilient to sudden losses
of players, while those that are less central find themselves leaving the system
entirely when facing a large exodus of players.
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Fig. 1. Average centrality of guilds 120 days before they undergo (a) death and (b)
loss events compared to the average centralities across all guilds at the same times.

2.3 Sociometer Theory

Sociometer theory relates the self-esteem of individuals and their social connect-
edness, measuring social health within a group using social inclusion and risk
of rejection [17]. The theory asserts that the self-esteem, or lack thereof, that
people feel in relation to a group is a measure of their perceived social exclu-
sion and perceived potential for rejection from that group. Further, sociometer
theory relates feelings of belonging to their evaluation of relationships between
themselves and others, with negative relational evaluations negatively impacting
an individual’s perceived social position [16]. Since the theory asserts that an
individual’s self-esteem can be measured based on the perceived likelihood that
the individual will be accepted and included in a social setting [15], we relate the
likelihood of changing social settings to individuals’ confidence that they will be
accepted. For the purposes of this paper we measure this based on messaging
rates prior to joining a new guild, assuming that individuals and groups with
higher relative self-esteem will need less engagement with their new group as
reassurance before making the decision to officially join.

For this analysis, we considered the individual scale by looking at commu-
nication rates during the week in which a person joined a group or changed
groups, and compared those to communication rates at all other times. We also
considered with whom individuals were communicating, specifically evaluating
communication with people in guilds the individual was preparing to join com-
pared to communication rates with others. For all of these analyses, we consider
the directionality of the messages to identify any reciprocity disparities. Using
this data, we compare baseline communication activity to the communications
leading up to the individual joining a new social group, identifying patterns that
suggest social inclusiveness prior to an individual joining or changing guilds.
As shown in Table 2, we found a strong relationship between volume of mes-
sages and group dynamics, but no strong relationship regarding reciprocity. In
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particular, individuals that have never joined a guild before exhibit very high
messaging activity towards the group they plan to join; four times the messaging
rate to individuals in other guilds or no guilds. This fits with sociometer theory’s
assertion that group and personal relationships are driven by self-esteem of the
individuals, indicating that new players need the most assurance that they will
fit in and not be rejected by a new guild before joining. These are the players
that would be expected to have the lowest self-esteem, thus needing strong re-
lational evaluations before feeling confident in their fit with a group. The trend
also holds for players changing guilds, but it is muted at around a fifty percent
increase, further fitting with the hypothesis that players with more experience
in guild and social dynamics require less communication before committing to
a new guild. To expand this analysis to the group scale, we considered messag-

Table 2. Number of messages sent by individuals in the week before changes in their
guild membership.

With player in
Accepting Guild Other Guild No Guild

In Out In Out In Out
Joining new guild 2.2 2.2 0.5 0.6 0.6 0.7
Changing guilds 1.6 1.6 1.1 12 0.2 0.3
No guild change 0.9 0.9 0.6 0.6 0.1 0.1

ing within and between the guilds in Game X during times of merge events.
We considered mean messages per person in the sub-group of individuals that
moved from one guild to another for the month surrounding a merge event. This
messages-per-person metric was chosen to control for the size of the sub-group,
and we considered a one-month period to capture communication dynamics both
before and after the period of player movement. The results, contained in Ta-
ble 3, show a large amount of communication between the individuals leaving
a guild and other individuals inside that guild, mostly involving other leaving
members. There is, however, only a small number of messages sent and received
by the new guild that the players are moving to, indicating that guild merge
events do not have the same consideration period noted for individual player
movements. Movement of players within these subgroups does not appear to
require establishment of a relationship with the new social group; instead we
see a strengthening of bonds and increased communication within the sub-group
itself. This suggests that the sociometric effect on self-esteem is not a factor
driving guild merge events (or at least in the choice of receiving guild). Instead,
the data indicates that the sub-group players have positive group self-esteem
through their sense of belonging within the sub-group, and are thus unafraid of
rejection in the new larger guild they join together. As a result, using this behav-
ior as a sociometric evaluation for the likelihood of movement at the group-level
fails, despite its high correlation at the individual level.
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Table 3. Messages sent by players within the sub-group of individuals leaving one
guild for another compared to the overall rates of the sending and receiving guilds.

Messages Prior to Merge

In Out

Sub Group 1.67 1.67
Loss Guild 2.43 2.35
Receiving Guild 0.24 0.23

2.4 Terror Management Theory and Mortality Salience

Terror management theory [9, 23] posits that anxiety over death, caused by the
conflict between a person’s self-preservation instinct and their knowledge of the
inevitability of death, causes humans to seek cultural identity in a variety of
ways, one of which is group membership [11]. According to the related mortality
salience hypothesis [4], being reminded of one’s own mortality enhances these
behaviors. We test these theories on individual-level group dynamics in the Game
X dataset by studying the death rate of players in the days before they chose
to join a new guild compared to baseline death rates. Game death in Game
X consists of a player’s character “dying”, leading the character to lose skills
(temporarily) and equipment (permanently) in the game. We assert that due to
the emotional investment, salient experiences, and high degree of social value and
support that players derive from role playing games [3, 25], game death increases
mortality salience by serving as a reminder of death and loss and thus allows
us to test the impact of terror management theory within the game. The time
windows before players joined guilds were chosen to be those with the highest
rate of deaths per day over the window, yielding windows of 2 days before merge
events for guilds and 1 day before guild changes for individuals. The resulting
pre-event death rates are shown in Fig. 2(a), where in the day before a player
joins a new guild, the average number of deaths per day was 0.1005 while over
all other times the average number of deaths per day was 0.0069, revealing a
pre-event death rate 14.6 times higher than the baseline that indicates a high
level of correlation between individual player death and the decision to join a
new guild.

At the group level, we used a similar analysis to evaluate the number of
deaths per day in a guild before that guild underwent a merge event. As shown
in Fig. 2(b), on the day before such a merge event, the average number of deaths
per day was 1.914, while over all other times this value was only 0.518. Thus, at
the group level deaths were 3.7 times higher than the baseline. This relationship
did not hold for the receiving guild, where there was no increase in the deaths
per day in the days leading up to receiving the influx of players, indicating that
death is only a driving factor in leaving and joining guilds, not guilds recruiting
new players from others. Despite the relative rarity of group-level events and
the generally more slowly moving dynamics, this result shows a high level of
time-separated correlation between deaths and group dynamics, and indicates
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that the mortality that drives many individuals to join groups in the first place
can also push a group as a whole to find other groups with which to combine.
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Fig. 2. Deaths per day at the (a) individual and (b) group levels before guild change
or merge events as opposed to all other times.

3 Conclusions

Increasing online social interaction has presented new opportunities to study
how people behave in natural settings, providing large-scale datasets with troves
of valuable information. By using data from Game X to test and expand social
theory about what drives individuals into groups, we investigate the potential for
theories of individual behavior to hold at higher scales in which groups interact
with each other as their own entities. Throughout our analysis we find that, in
most cases, groups as a whole do behave similarly to the individuals that make
them up. This is most directly evident for terror management theory, where the
data had simple and direct approximations of death, but also holds for the theory
of group cohesiveness where we show that both groups and individuals on the
fringes of their respective networks are at greater risk for leaving the network
entirely. In contrast, while we show that while sociometric pressures influence
behavior at the individual level, they do not manifest in the same way at the
group level.

These results provide evidence that some social theories, despite being for-
mulated with individual cognition and behavior in mind, will hold at multiple
scales and describe the behavior of both individuals and groups. Not all theories
have this scalability, as some key in on inherently individual aspects of cogni-
tion such as self-esteem, but these exceptions simply provide further incentive
to continue testing social and psychological theory at multiple scales. In doing
so we can not only learn how well the given theory holds, but also gain insight
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into how groups think, behave, and come to collective decisions. For this reason,
future work should consider not only other theories on group behavior, but also
how scaled actions for collections of people come about, how group sizes affect
the decision-making ability of a group, and how far the scalability holds in the
presence of multi-hierarchical group dynamics.
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