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Distance has long been a powerful force that influences the ways in which we organize our personal relation-
ships and collaborations. In the past two decades, globalization and the advent of Information and Communica-
tion Technologies (ICTs) have brought profound changes to the formation and maintenance of communication
networks in contemporary work and social settings by eliminating the constraints of physical distance on
human interaction. To study the role of distance in ICT-enabled virtual worlds, we propose three dimensions
of proximity—space, time, and homophily—and analyze the impact of distance, time zones, gender, age, and
game age on building collaborative relations in online games. The results show that spatial proximity, temporal
proximity, and homophily in age and game age still have a strong impact on players' behavior in creating online

relations in virtual worlds, however, there is no evidence of gender homophily. This study suggests that offline
proximity plays an important role in bringing people together in virtual worlds.

© 2013 Elsevier B.V. All rights reserved.

1. Introduction

Distance has long been a powerful force that influences the ways
in which we organize our personal relationships and collaborations.
Yet in the past century, the limiting effect of distance has seemed to
gradually fade as the early advances of transportation and telecommuni-
cation technologies such as railroads, cars, planes, and the telephone,
have facilitated connections among spatially dispersed individuals [28].
In the past two decades, globalization and the advent of Information
and Communication Technologies (ICTs), especially the Internet and
mobile phones, have brought profound changes to the formation of com-
munication networks in contemporary work and social settings. As ICTs
largely eliminate the constraints of physical distance on human interac-
tion, distributed work has become a common form of collaboration
within and beyond organizational boundaries [14,18,33]. Meanwhile,
in the social sphere, computer-supported social networks that tie
friends and relatives close and afar have gradually replaced traditional
place-bound neighborhood communities [41,42]. These notable societal
trends have led scholars and observers alike to claim “the death of the
distance” [7] and “the world is flat” [13].

Despite the development of advanced information and communi-
cation technologies that have dramatically increased our capability
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of interacting and collaborating with people across greater dis-
tances, many argue that distance “...would persist as an important
element in human experience” [34] because of the unique charac-
teristics of face-to-face interactions that ICTs are unable to emulate.
The majority of these studies focused primarily on existing ties of a
collaborative nature and within established organizational settings
[34], but few studies examined the more free-form connections
that emerged during the collaboration on virtual tasks and immersive dig-
ital worlds enabled by technology [46]. In today's digitally-networked en-
vironments, to what extent does distance still shape the structure of
interaction?

Instead of focusing on existing ties in the physical world, this
study investigates the role of proximity in establishing online collab-
orative relations in virtual worlds created by ICTs. The emergence of
virtual worlds such as Second Life and online games as significant,
new social phenomena has implications for the way we work and
play. Among the few studies that have examined proximity and digi-
tal ties, the focus has been on informational ties such as connections
formed on the micro-blogging site Twitter [37]. How proximity
would affect more virtual interactions such as online collaborative
ties that enable people to more narrational relations in a virtual
world remains relatively unclear [45]. This question becomes increas-
ingly important as the scale and complexity of human collaboration in
virtual worlds offer an excellent opportunity to study the emergence
and effectiveness of groups in complex social settings. In addition, vir-
tual worlds provide unprecedented data traces of individual interac-
tions and behavior that were often unavailable in earlier scholarly
endeavors. Hence virtual worlds are promising potential test beds—
conceptually and empirically—for examining how people form online
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relations. More importantly, online relations are indeed dynamic and
complex: some stem from previous personal ties and the rest are
solely based on activities in virtual worlds. This study examines the
role of proximity in online collaboration.

The following section begins with a review of the multidimensional
conceptualizations of proximity. Based on this review, we hypothesize
the influence of three dimensions of proximity on the formation of
collaboration relations in a virtual world: space, time, and homophily.

2. Theory and hypotheses: proximity and online relationships

The effects of proximity on social and collaborative dynamics have
been researched for decades [2,12,18,21,23]. To date, research on
proximity and network formation has produced mixed findings that
could be partially attributed to at least two factors: one conceptual
and one methodological. With a few exceptions most existing studies
tend to conceptualize proximity in terms of geographic distance.
Yet, there is a growing recognition that proximity is better under-
stood as a multidimensional concept. Scholars using concepts such
as “proximity,” “virtuality,” and “geographic dispersion” tend to offer
different operationalizations across research contexts [31,33,34]. A re-
cent study unpacked “virtuality” into four distinct components: geo-
graphic dispersion, electronic dependence, dynamic structure, and
national diversity [14]. In their recent essay, O'Leary and Cummings
[33] further suggested a multidimensional conceptualization of geo-
graphic dispersion, including spatial, temporal, and configurational
characteristics. Similarly, Armstrong and Cole [3] posited that objective
measures of distance include geographic distance, time distance (time
zones), organizational distance, and cultural differences.

Although some or all of these dimensions are implicitly present in
many empirical studies, spatial proximity remains the dominant fac-
tor in many studies [21,24,34]. Clearly, proximity is a multi-faceted
concept that encompasses related but distinct dimensions. For exam-
ple, two people located 1000 miles apart may also span different time
zones and have different individual characteristics, all of which may
contribute to their unique interaction patterns. In many cases, two
or more dimensions of proximity co-exist and exert influence on net-
work dynamics together, but their mechanisms and effects cannot be
disentangled unless each of those dimensions is carefully considered
and examined in conjunction with others.

From a methodological standpoint, with a few exceptions [28],
proximity is often operationalized as a dichotomous variable: dyads or
teams are either collocated or dispersed [34]. This operationalization
can be problematic because it does not recognize that in real life situa-
tions, proximity should be measured in terms of degree. For example,
a distributed team involving members from two adjacent cities is differ-
ent from a transnational team with members located in two or more
countries. More refined measures are essential to reveal how proximity
influences peoples' interaction patterns.

The literature on propinquity found that both physical and psy-
chological similarities between people lead to interpersonal attrac-
tion [12]. For players' physical proximity in online games, distance
constraints have been illuminated by the virtual world but time dif-
ferences are still a cost of coordinating with other players. In this
study, we examine the effects of these three aspects on the formation
of online relations: spatial proximity (physical distance), temporal
proximity (time zone difference), and homophily (social distance
based on individual characteristics). In Sections 2.1 to 2.3, drawing
upon the research on offline relations, we present a series of hypoth-
eses on the formation of online relations based on three exogenous
factors: spatial proximity, temporal proximity, and homophily.
While these hypotheses examine the associations between online re-
lations and offline proximity and homophily, they do not address
causal and temporal sequencing of the mutual influence of online
and offline networks.

2.1. Spatial proximity

There is a long tradition of examining the impact of spatial prox-
imity on communication. Since the 1930s, researchers studied how
spatial proximity affects constructs such as friendship, romantic rela-
tionships, and variables like the amount of communication [12].
When the spatial distance between workers reached 30 m and be-
yond, their frequency of spontaneous communications dropped dras-
tically [2].

With the advent of communication technology, scholars have in-
vestigated whether spatial proximity is still relevant with the surge
in computer-mediated communication. This line of research general-
ly looks at teams spread across geographic distances and how com-
puters mediate this interaction [16,23,34]. Scholars have focused
on how individuals that know each other offline communicate on-
line. There is limited research examining how individuals that do
not know each other offline communicate online. In general, this re-
search shows that individuals who are located closer to each other
are more likely to communicate than individuals who are located
farther away from each other regardless of whether or not communi-
cation is face-to-face [9]. Even taking into account organizational
proximity and similarity in interests, researchers have found that in-
dividuals located closer together were more likely to collaborate
with each other both face-to-face and by phone and email [23].
One explanation is that computer-mediated communication is
more useful in augmenting, rather than replacing, face-to-face com-
munication between people located closer to each other than those
located farther apart [8].

Past research has found that spatial proximity exerts a significant
and positive impact on individuals' interactions in both face-to-face
and computer-meditated contexts. Even as a rich immersive social
environment and new virtual meeting tool, virtual worlds may still
inherit the impact of spatial proximity that augments existing rela-
tions [8]. This study extends this research by examining the impact
of spatial proximity in virtual worlds where individual players dis-
tributed across geographical distances engage in various activities
such as communication, economic transaction, and group collabora-
tion. Hence, we propose the following hypothesis:

Hypothesis 1. (Spatial proximity) Individuals who are proximate in
geographical distance are more likely to interact with one another
than those who are not proximate.

When questioning the effect of proximity, researchers examine to
what extent the impact is linear. Most of the early studies looked at
rather short distances such as the location of offices in the same building
[2,31]. The mechanism is intuitive: if two people's offices are located on
the same floor, they are more likely to strike a hallway conversation
than those who have offices on different floors or even in different
buildings. Verbrugge [39] finds that residential proximity is the single
best predictor of how often friends get together to socialize, however,
the same mechanism may not become as intuitive as distance grows
larger. To what extent can we argue that people are more likely to inter-
act when they live within a shorter distance? In that case, the cost of
communication and commute becomes a more useful organizing prin-
ciple than that of the pure chance encounter. The travel time and ex-
penses greatly reduce the likelihood of interaction when the mode of
transportation changes, e.g., from walking distance to driving distance.
The changes in travel and communication costs are not linear, but
tend to increase sharply when the distance stretches beyond a short
range. Hence, if the distances between individuals are large enough,
the impact will be similar because the costs would remain largely at
the same level.

Hypothesis 2. Short distance Individuals who are in close proximity
are substantially more likely to interact with one another than those
who are at medium or low proximity.
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2.2, Temporal proximity

The previous hypotheses describe the spatial dimension of prox-
imity characterized by geographical separation. A related perspective
focuses on how space becomes less of an organizing principle than
the costs associated with getting between places or communicating
between places [10]. For example, it is more “costly” for people with-
out a car to travel to another city located 100 miles away than those
who have access to a car. With widespread connectivity to networked
computers and the prevalence of global teams, the communication
cost perspective has led some scholars to shift the attention from spa-
tial distance to temporal distance, referred to as temporal proximity
in the current study, or namely, the overlap of waking hours [33].
Temporal proximity is measured in terms of time zone difference, It
is more costly for people who are in different time zones and hence
share fewer waking hours to interact synchronously, compared with
those who share more waking hours, Therefore, temporal proximity
also affects the likelihood of communication, especially synchronous
communication.

Even though spatial proximity and temporal proximity have distinct
influences on the networks, most empirical studies do not simulta-
neously consider the effects of these two forms of proximity. Taking
both effects as a whole, O'Leary and Cummings [33] provided a typology
of different combinations of spatial and temporal dispersion in teams.
While some teams are only spatially (but not temporally) dispersed,
most global teams are confronted with both distances. Therefore, it is
important to consider both spatial proximity and temporal proximity
together when studying their impacts.

Hypothesis 3. Temporal Individuals who are proximate in time zone
are more likely to interact with one another than those who have larger
time zone differences.

2.3. Homophily

Finally, individuals can have similar social characteristics such as
gender and age otherwise known as homophily, which implies that in-
dividuals are proximate in the social space [27]. Homophily facilitates
communication, which is illustrated by the old saying “birds of a feather
flock together.” The word “homophily” was first coined by Lazarsfeld
and Merton [25] when referring to a tendency for people to be attracted
to others who have similar attitudes, beliefs, and personal characteris-
tics. Monge and Contractor [30] summarized two lines of theoretical un-
derpinnings of homaophily: the similarity-attraction hypothesis and the
theory of self-categorization. The similarity-attraction hypothesis pos-
tulates that people are more likely to interact with those who have sim-
ilar traits [6]. The self-categorization theory argues that people tend to
self-categorize with regard to race, gender, socio-economic status, etc.,
and they differentiate between similar and dissimilar people based on
such attributes [1,38].

Homophily has received strong support from empirical research,
in terms of gender [20], race [29], and status [26]. Homophily, espe-
cially with regard to gender, ethnicity, and occupation, has been
found as a critical factor of relationship formation in entrepreneurial
teams [36], work team composition [19], and generally in the forma-
tion of social networks [27].

The theory of homophily posits that people of the same attributes
tend to interact with each other because of their common background
and shared interests. Although in virtual worlds players' demographic
attributes such as gender and age may not be visible, other players
may still be able to detect behavioral patterns related to these attri-
butes. For example, male players are more likely to choose male char-
acters and engage more in combat activities. Furthermore, through
online interactions and social activities, players may exchange some
personal information and become familiar with each other. Therefore,

in virtual worlds, demographic attributes such as gender and age are
expected to display similar effects as in other social contexts.

Hypothesis 4. Gender Individuals of the same gender are more likely
to interact with one another than those of opposite genders.

Hypothesis 5. Age Individuals who have smaller age differences are
more likely to interact with one another than those who have bigger
differences.

We expect that players tend to interact with others who joined
the virtual world at similar time periods. Individuals with similar
game age, i.e. in the same cohort in a game, usually have similar levels
of knowledge, status, tenure, and the same goals in the virtual world.
Some virtual worlds provide a common starting place for new players
to get familiar with the environment. New players can design their
characters, learn basic functions in the world, and meet other fellow
players. In addition, players joining at the same time period are
presented with the same “version” of the world and the same player
population, which may further enhance their perception of similarity.

Hypothesis 6. Game age Players who enter a virtual world during the
same time period are more likely to interact with one another than
those who have bigger differences in starting time.

To summarize, spatial proximity, temporal proximity, and homophily
all demonstrate similar effects on creating and facilitating interactions
between individuals. In general, when people are physically close to
each other, located in similar time zones, and have similar social and de-
mographic attributes, they are more likely to initiate interactions and
have more frequent communication.

3. Methods

This study examines the impact of spatial proximity, temporal prox-
imity, and homophily in a large virtual world—EverQuest II, a massively
multiplayer online role-playing game (MMORPG) launched in November
of 2004. Both EverQuest Il and its predecessor EverQuest maintained a
large share of the North American market until the launch of World of
Warcraft (WoW), the current US MMOGs leader. Despite losing its market
lead, the EverQuest franchise continues to expand and still attracts hun-
dreds of thousands of players. As two of the most popular (and largest)
of MMOGs, EverQuest and EverQuest II have inherited features from
text-based MUD (Multi-User Dungeon) games and implemented an
immersive 3D environment like some precedents such as Meridian 59
and The Realm Online. Sharing many similar designs and concepts,
EverQuest Il and WoW, two of the best games in the role playing world,
have been used by many studies as representatives of MMOGs.

EverQuest Il operates virtual game worlds based on individual game
servers. For most activities, players are only allowed to interact with
those who are on the same server. Transferring characters from one serv-
er to another is not encouraged and requires a charge so therefore a server
can be considered as an independent virtual world with a stable popula-
tion of players. This study examines player interactions on the Guk server.
In the game, each player can create one or more characters (or avatars)
and each character needs to develop combat skills to kill monsters. In
order to advance levels faster, game characters can collaborate with
others to fight monsters and finish game quests in the virtual world.

Through analyzing the data from EverQuest II, we identify players’ on-
line relations in the game based on their collaboration activities and con-
struct precise measures of spatial proximity, temporal proximity, and
homophily. We then examine the effects of proximity and homophily
on virtual world networks through cross-sectional network analyses.

3.1. Data samples—partnership in EverQuest Il

A detailed server log from May 1, 2006 to September 11, 2006
provided by Sony describes players' demographic information and
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collaborative activities that occurred in the Guk server: a typical
player-versus-environment (PvE) server focusing on killing mon-
sters, or non-player characters (NPC)s. In the world of EverQuest II
players are allowed to form groups among themselves in order to
play together and fight monsters more efficiently. Similar to friend-
ship offline, two players can be considered as partners if they group
together and earn experience points in combat collaboration activities.
The partnership relation is especially important because this form of
collaboration represents a stronger dyadic relation between two players
than the interactions in bigger groups. In this study, partnership is de-
fined as a binary and undirected tie between two players if they use
their characters to achieve more than two outcomes together. A player
could establish partnership relations with others through different
game characters.

To test the overall impacts of proximity and homophily as well as
the changes of the relations, data samples are extracted based on the
log data to test the overall effect of proximity and homophily among
all players in a given time period. Because the Guk server is designed
to host players in North America, only players in the United States
and Canada are included in the samples. From September 5, 2006 to
September 11, 2006, 1525 unique players who partnered with others
(1478 in the United States and 47 in Canada) are identified and their
partnership network is illustrated in Fig. 1.

3.2. Measurements

Detailed activity records in EverQuest Il provide information to
build relation networks, represented by an adjacency matrix with
1525 nodes and 1179 edges (network density 0.5%). This partnership
network is used as the dependent variable in ERG models.

Upon their first entry in EverQuest II, players need to report their
demographic information such as gender, date of birth, and address
zip code. The players' zip codes and country codes are used to esti-
mate their offline location and to construct distance and time zone
differences between players. The individual attributes such as gender,
age, and game age (based on the dates of registration) are used to
construct the homophily measures between players.

3.2.1. Distance

In order to calculate distance, the players' zip codes and country
codes are first mapped to latitude/longitude using ZIPList5 and Canada
Geocode databases from Ziplnfo.com. The shortest distance between
any two players is calculated using their latitude and longitude coordi-
nates according to Spherical law of cosines (Eq. (1)):

dy= acas(sin(lati) x sin(latj) - cos(lat;) x cos(latj) x ccs(longj—-lnng,)) » 6371km

(D

The marginal impact of distance on interactions between two locales
declines significantly as the distance between them increases. For ex-
ample, the impact of distance between 800 km away and 850 km
away is very small and the difference is much bigger between 50 km
and 100 km. Therefore, four categorical measures and one continuous
measure are developed based on the raw distance to capture the
non-linear impact of distance. The categorical measures include four bi-
nary matrices: Same_zip_code, Short_distance, Medium_distance, and
Long_distance. If player i and j are located in the same zip code,
Same_zip_code;; equals one. Based on the study on human travel by
Brockmann et al. [4], we use Short_distancey;, Medium_distance;;, and
Long_distance;; to indicate whether the distance between two players

Fig. 1. Partnership among 1525 players in Guk in the sample week (white: male; black: female).
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is smaller than 50 km (but not in the same zip code), between 50 and
800 km, or more than 800 km. Short distance represents a range reach-
able for daily activities and long distance represents places out of a geo-
graphical region. The geographic distribution of players in the sample is
consistent with the U.S. Census data and most of them are located far
away from each other: only 0.05% pairs of them are located in the
same zip code, 0.6% are in short distance, 15% are in medium distance,
and the rest are in long distance. However, players in partner relations
tend to be much closer to each other: in 20.9% of partner relations
two players live in the same zip code and in 9.7% of relations players
live in a short distance.

Kleinberg [22] suggested that the tie probability should be a neg-
ative exponential function of distance. The continuous measure is
constructed using an exponential decay function to measure the de-
creasing effect of distance (Eq. (2)). If two players are located in the
same time zone, the impact of distance between them equals one,
which indicates the maximal impact between the two; if the distance
is dy, the distance impact is reduced to 0.368. In this study, we use
50 km as dq.

DiStance; pqcti = EXP(—d,-J/dO). 2)

3.2.2. Timezone_difference

Similarly the players' zip codes can be mapped into time zones.
The time zone difference between two players is calculated as the
hour difference between their time zones in absolute value.

Three individual attribute variables include Gender, Age, and
Game_age. Gender is a binary variable indicating whether a player is
female. Age is calculated at the time point September 11, 2006. Game_age
is the number of months each individual played since they registered
their first characters. Table 1 shows the descriptive statistics of individual
locations and attributes in the sample set. 19% of the players are female
with an average age of 33.63. This is consistent with the survey conducted
in the same game [44].

Based on Gender, Age, and Game_age variables, the similarity of the
attributes is measured in three matrices: Same_gender, indicating
whether two players have the same gender, Age_difference, indicating
the age difference between players, and Game_Age_differernce, indicat-
ing the game age difference between players.

3.3. Analyses

Many statistical models assume that relational ties among a given
set of nodes are independent even though some relations are affected
by others. For example, certain popular users have many ties and
friends of friends tend to become friends themselves. Exponential
Random Graph Models (p*/ERGM) [35,40] explicitly incorporate the
dependence of the relations within a network by considering the ob-
served network as one realization of a network generation process
and estimate how likely the observed structure emerges out of all
possible configurations generated in the process. Therefore, we can
draw inferences of multiple factors that could be associated with the

Table 1
Descriptive statistics of player locations and attributes.

Statistics (1525 players)

Mean S.B. Min. Max.
Latitude 38.73 6.05 21.28 64.86
Longitude =95.61 18.02 —158.0 —64.85
Time zone —6.16 1.23 —10 —4
Gender (female=1) 0.19 n.a. 0 1
Age 33.63 992 6 76
Game age 14.98 7.60 0 22

likelihood of a partnership tie existing between two players: attributes
of players (e.g., gender, age and game age), joint attributes of two
players (e.g., gender homophily), and relational attributes between
two players (e.g., distance).

In our analysis, Same_zip_code, Short_distance, Medium_distance,
Long_distance, and Distance_impact are used as measures of spatial
proximity to test Hypotheses 1 and 2. Timezone_difference is used as
a measure of temporal proximity to test Hypothesis 3. Same_gender,
Age_difference, and Game_Age_differernce are used as homophily mea-
sures to test Hypotheses 4, 5, and 6. Gender(Female), Age, and Game_Age
are used as baseline control variables. The estimated coefficients can be
explained similar to those in logistic regressions, positive coefficients
indicate that the corresponding attributes or structures are more likely
to occur than by random chance, and negatives indicate less likely. The
effect size of one additional unit is measured by the odds ratio (OR),
which equals to the exponential function of the corresponding coeffi-
cient, e.g. eV,

While examining the impacts of the exogenous factors on the forma-
tion of online relations, ERG models control for the endogenous factors
that enable and constrain the formation. Interactions between individ-
uals can be explained endogenously by the presence and pattern of
other ties within the same network. In a similar scenario, research on
relation networks of offline friendship [5,11] indicates that endogenous
structural tendencies such as sparsity, popularity, and transitivity influ-
ence the structure of virtual world networks. Based on the theory of
self-interest, individuals establish ties if there are premiums associated
and therefore they would not randomly create ties with others. Individ-
ual degrees in relational networks usually follow the power law distri-
bution, i.e., a few individuals have many ties and become hubs while
most individuals only have a few ties. Individuals tend to connect to
others who already have many ties because of preferential attachment
[32] and therefore the popular individuals will get even more ties. As
a consequence of balance theory [17], researchers have found that
two individuals who are both tied to a third person are also tied to
each other and this is called a tendency toward transitivity. In ERG
models, to control for sparsity, popularity, and transitivity, we included
three network statistics: the number of edges (Edges) that indicate
the network density; the geometrically weighted degree distribution
(GWDegree) that summarize the degree distribution in a network;
and geometrically weighted edgewise shared partners (GWESP) that
measure the number of players connecting two other players in a net-
work [20,33].

Four ERG models are estimated to reveal the marginal contributions of
the explanatory variables. Model 0, as a baseline, includes six control vari-
ables; Model 1 estimates the impacts of temporal proximity as well as
homophily; Model 2 combines Distance_impact and Timezone_difference
to estimate the impact of spatial proximity and temporal proximity at
the same time; Model 3 uses Same_zip_code and Short_distance (taking
Medium_distance and Long_distance as the base category) to study the
detailed impact of spatial proximity. Statnet [15] v2.2-3 with R-2.10.1
is used for estimation.

4. Results

Table 2 shows the results of the ERG models, which assess the rel-
ative importance of different ranges of offline distance and the impact
of homophily and network structures in partnership networks.

Three structural control variables in Model 0 are all significant and
reveal inherent structures in the partnership networlk. The edge param-
eter controls the density of a network. The significant and negative co-
efficients suggest that partnership relations in EverQuest Il are sparse
and individuals are not likely to engage in interaction randomly. As an
anti-preferential attachment measure, the positive impact of geometri-
cally weighted degree distribution (GWDegree) shows that popular
players with many relations are less likely to engage in partnership
with others. The degrees of the players, i.e., numbers of partners, are
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more evenly distributed compared to a random network with the same
density and over effects modeled. The positive coefficients of geometri-
cally weighted edgewise shared partners (GWESP) indicate that part-
nership in the game is transitive, which suggests that if two players
have common partners they are more likely to become partners with
each other.

Model 1 shows the impact of time difference: the odds ratio of be-
coming partners for two players within a one-hour difference is 61%
of the odds ratio of players in the same time zone. Hypothesis 3 on
temporal proximity is supported.

Model 2 examines the impact of time zone differences controlling
for distance. Given the impact of distance, the negative and significant
coefficient of time zone differences shows that time zone differences
reduce the likelihood of interaction. In Model 2, the positive coeffi-
cient of distance impact supports the same conclusion. If two players
are located closer offline, i.e., distance impact between them is larger,
they have a greater chance to be partners online,

The proximity part of Model 3 shows positive and significant im-
pacts of Same_zip_code and Short_distance taking Medium_distance and
Long_distance as the baselines. This suggests that two players in the
same zip code are more likely to form relations than two players within
a short distance (less than 50 km but not in the same zip code). Similar-
ly short distance relations are more likely to form than medium distance
relations, which are more likely than long distance relations. For exam-
ple, in Model 3, the odds ratio of forming partnership relations between
players living in the same zip code is 721 times more compared to the
odds ratios of players living more than 50 km apart. Players living with-
in 50 km but not in the same zip code are 21.5 times more likely to be
partners than the ones farther apart. The results show that players
who are proximate in geographical distance are more likely to engage
in interaction than those who are not proximate. Moreover, close prox-
imity has a substantially bigger impact than medium or low proximity.
Hypotheses 1 and 2 are supported.

In all models, the negative coefficients of Age_difference and
Game_age_difference support Hypotheses 5 and 6. Individuals tend
to play with people who have similar age and join the game at the
similar time i.e., have the similar level of online experience. Among the
two, the game age difference, i.e., the difference in registration dates,
has a bigger impact than age. On the other hand, the impact of gender
homophily (Hypothesis 4) is not significant. There is no evidence
supporting that individuals with the same gender are more likely to be-
come partners.

The goodness-of-fit diagnostics for Model 3 is illustrated in Fig. 2.
The left-hand graph plots the degree distribution predicted by the

Model 1b (gray lines) and the observed degree distribution (the solid
line). The model captures the overall shape of the observed degree dis-
tribution, although our model overestimates the number of isolates and
underestimates the number of high degree nodes. This is because no
isolates are included in the sample. The right-hand graph plots the
edgewise shared partner distribution and the GWESP statistic generat-
ed by the estimated model captures the correct amount of clustering in
the observed partnership network.

5. Discussion
5.1. Distance still matters in EverQuest Il

Similar to previous research on social structures in the offline
world [28], this study shows that spatial proximity has a strong im-
pact on the structure of online relation networks. Even though in vir-
tual worlds players are not immediately aware of others' offline
locations, shorter distance between players' offline locations signifi-
cantly increases the likelihood of online collaboration. The impact of
distance is not linear: short distance plays a dominant role in struc-
turing online relations. When two players are located in the same
zip code, they have a greater chance to be partners online. Such an
impact decreases dramatically as distance between players exceeds
city boundaries (ranging from 2 to 86 km according to the U.S. Census
2000). Model 2 suggests that the distances between 50 and 800 km
only have about 20% more impact than the distance beyond
800 km. This effect suggests that the online relations are connected
to the ability of making face-to-face contact.

Temporal proximity, measured by time zone difference, also ex-
erts some influence on player interactions. People located in different
time zones are less likely to interact and play with each other. How-
ever, after controlling for spatial proximity, the magnitude of the im-
pact of temporal proximity is very small. This might be the result of
the small variance in time zones in our sample. Since all players are in
North America and the standard deviation of time zones is just 1.2 h,
players are less affected by temporal proximity when coordinating
group play across a smaller time difference, especially in the evening
or during weekends.

As predicted by Hypotheses 5 and 6, age and game age homophily
exists in virtual worlds. Individuals are more likely to interact with
players with similar ages. And when they join the virtual world at a
similar time, they are more likely to interact with each other. Gender
homophily, on the other hand, is not supported as the same gender
has a negative impact on partnership relations. A detailed analysis

Table 2
ERGM estimation results for proximity and homophily.
Model 0 Model 1 Model 2 Model 3 Hypotheses
Proximity
Same zip code 6.58™ (.18) H1, 2: supported
Short distance 307" (.13)
Distance impact 599" (.14) H1, 2: supported
Time zone difference —0.49™" (.04) —0.01 (.005) —0.11™ (.04) H3: supported
Homophily
Same gender —0.09 (.29) —0.15 (.35) —0.17 (.34) H4: not supported
Age difference —0.04™* (004) —0.03"" (.005) —0.03™ (.005) H5: supported
Game age difference —0.05"* (.008) —0.04™* (.008) —0.04™ (01) H6: supported
Control
Gender—female —0.08 (.09) —0.14 (.25) —0.21(28) —027 (29)
Age 0.004 (.006) 0.01 (.02) 0.009 (.03) 0.01 (.02)
Game age —0.017 (.005) —0.02" (.009) —0.02° (.01) —0.02" (01)
Edges —893"" (,53) —7.84"" (2.14) —8.69™" (2.84) —8.50™"" (2.55)
Weighted degree 3.80"" (22) 3.90"* (30) 3.93" (56) 3.88™* (42)
Shared partners 1.86** (.08) 182 (10) 1.03™* (13) 085" (.13)
AIC 17,678 17,151 14,600 14,511
BIC 17,750 17,271 14732 14,654
Log likelihood —8833 (df=6) —8566 (df=10) —7289 (df=11) —7243 (df=12)

Ak

Signif. codes: 0="""<0.001<""<0.01<*<0.05< " <0.1.
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Fig. 2. Goodness-of-fit diagnostics for Models.

indicates that the negative impact is mostly from female-female
matching, i.e,, female players are very unlikely to partner with other
female players. Although it is not consistent with the research findings
on offline friendship, this still leads to a special play pattern connecting
online relations with offline attributes: as Williams et al. [44] reported,
32% of people play with a romantic partner, e.g., spouse, fiancé, or
boyfriend/girlfriend, which brings many male-female ties into the
game.

5.2. Migration from offline to online

Our results generally support the association between proximity
and interactions in virtual worlds. In addition, the detailed data anal-
ysis suggests that the migration of offline relations into online worlds
plays an important role in bringing offline proximity and homophily
into virtual worlds, When people decide to collaborate online, players
prefer others with short distance. This leads to an assumption that the
players seem to know where other players are located offline prior to
their online interactions. A possible explanation is that individuals
may bring their offline relations into virtual worlds and play with
offline friends in the game, The box plot diagram in Fig. 3 shows the

distance distribution of partnership relations established during the
first 20 days players registered in EverQuest Il. For the 1525 players
included in the sample (i.e., the egos in Fig. 3), the distances of their
new collaboration relations are calculated and grouped by their
game ages (in days). Among the players with one day of game age, al-
most one quarter of their partners were located in the same zip code,
i.e., the distance of zero. This implies that many players started the
game with their offline friends. For the players registered more than
one day, the patterns are similar: the distances have a bigger variance
and there are still some ties with zero distance, i.e., players find new
partners in the game and may connect with a few offline friends later
on.

Williams [43] used the concept of “the mapping principle” to de-
scribe the phenomenon of a behavior in the virtual world matching
that of the offline parallel. Our results support one test scenario in
which dyad level behavior of human collaboration that occurred in
virtual spaces will map to it in real spaces. The principle of proximity
characterized by a range of social theories is still applicable online.
Although the models do not explain the causal relationships between
online and offline behaviors, a survey conducted in EverQuest I [44]
reported that almost 70% of respondents played together with persons
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they knew offline. People migrate their offline relations to the game and
therefore the proximity associated with the relations is projected onto
virtual worlds.

6. Conclusion

In this study, we analyze the impact of distance, time zones,
players' gender, age, and game age on the process of relation building
in virtual worlds given the endogenous network structures of online
ties. To differentiate the effects on various human interactions online
and offline among distributed individuals, this study suggests a more
nuanced approach to examine the impact of proximity by decomposing
the construct itself. The results show that spatial proximity, temporal
proximity, as well as homophily in age and game age have a significant
impact on players' behavior in creating online relations. There is no
evidence, however, of gender homophily in EverQuest Il. The theories
of proximity and homophily are still valid in virtual worlds. The findings
of this study illuminate the complex interplay between spatial proximity,
temporal proximity, and homophily. This study suggests that migration
of offline relations into online worlds plays an important role to bring
offline proximity and homophily into virtual worlds. With our findings
we hope to stimulate future research that will further explore the pro-
cess through which offline proximity and homophily are introduced to
online relation networks.

In this study, all partnership ties are considered the same and
converted to binary relations. When studying the impact of proxim-
ity and homophily, partnership relations with a few activities to-
gether have the same weight as active relations. This setting could
be a limitation when studying the filtering effects of online relation
building. A player may still play with partners in different time
zones, but less frequently than other partners in the same time
zone. Furthermore, because these dimensions of proximity differ in
their theoretical mechanisms, their effects also vary according to
the type of interaction. For example, as O'Leary and Cummings [33]
proposed, spatial proximity is more likely to influence the possibility
of face-to-face communication, while temporal proximity has a
stronger impact on real-time synchronous communication. Future
studies will examine the impact of individual offline attributes on
various types of online relations as well as their frequency and dura-
tion in virtual worlds.
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