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apturing  context:  Integrating  spatial  and  social  network  analyses�
“[The] Chicago [School] felt that no social fact makes any sense
abstracted from its context in social (and often geographic)
space and social time. Social facts are located.” (Abbott, 1997,
p. 1152, emphasis in original)

Social processes take place within particular contexts. In recent
ears, the nature of those contexts, the dimensions that define
hem, and their effects on social processes have (re-)gained atten-
ion among social and behavioral scientists. Researchers employing
ocial network and spatial analytic strategies in particular, have
ontributed important insights to social phenomena in relational
nd physical contexts. Despite these recent developments, many of
he core ideas underpinning this importance of contexts for social
rocesses can be traced to a century, or more, ago (Park et al., 1925;
now, 1854; Wirth, 1928; see also Abbott, 1997).

Approaches to investigating relational and physical space
emonstrate strong conceptual overlap. For example, while actors
ho are closer together tend to exhibit greater similarity than those
ho are further apart, this pattern carries different labels (e.g.,
etwork homophily or spatial autocorrelation) from researchers

ocused on relational versus geographic distance. Furthermore,
hen that similarity is the result of a direct transmission pro-

ess, we know that closeness facilitates transmission (Rogers, 1995;
trang and Tuma, 1993; Wejnert, 2002). However, the media for
ransmission and the units used for assessing “distance” differ for
hysical (e.g., feet across which an airborne pathogen can travel)
r social (e.g., number of intermediaries through whom a mes-
age can be accurately passed) space. This example highlights the
ays that the context-focused methods underpinning spatial and
etwork analyses specifically focus on the dependencies among
ctors. Despite these conceptual overlaps, the formal integration
f social network and spatial analytic strategies remains relatively
nderdeveloped in the literature.

We therefore organized this special issue to examine the inter-
ection between these two approaches. With this introduction we
ddress three key aims: (1) to conceptualize the possible ways

ocial network and spatial analysis could be combined, (2) to
escribe what has been accomplished at this intersection – both

� Work on this introductory article and Special Issue was  supported by a grant (to
SL and ja) from the Robert Wood Johnson Foundation’s Health and Society Scholars
rogram at Columbia University and research assistance from Eldon Grant Porter.
ur collective thinking regarding this intersection has benefited greatly from dis-
ussions with Peter Bearman, Pat Doreian, Michael Emch, Tom Snijders, JulienTeitler
nd participants in the “Networks and Health Working Group” and “Capturing Con-
exts Conference” – each hosted at Columbia University.

378-8733/$ – see front matter ©  2011 Elsevier B.V. All rights reserved.
oi:10.1016/j.socnet.2011.10.007
through the articles in this issue and elsewhere, and (3) to identify
potential future directions for advancing their integration.

Possibilities for integration

Recent developments in network and spatial analyses have
significantly enhanced our understanding of how each of these
contributes separately to social processes. Advances in comput-
ing technology – both hardware and software – have improved
capacity for accessing and formally analyzing large scale network
and spatial data. Important theoretical and methodological con-
tributions have reshaped our understandings of both approaches.
Consequently, more researchers are gathering information about
social networks and geographic positioning. Furthermore, the
recent development of statistical models for both network and spa-
tial data has allowed for more rigorous examination of commonly
observed patterns. The juxtaposition of these recent advances lays
the groundwork for the formal integration of network and spatial
analytic strategies.

We  identify and briefly describe five conceptual strategies for
their integration, then we draw on previous literature and the
papers in this special issue to comment on the state of efforts
toward each aim. The possibilities we discuss are the ways: (1)
spatial locations influence social networks, (2) social networks
influence spatial location and environments, (3) social and spatial
boundaries can be contextually defined, (4) integrated measures
of networks and space can be constructed, and (5) combined net-
work and spatial effects can produce social, behavioral or health
outcomes and patterns.1

Spatial effects on social networks

Perhaps the best-known relationship between spatial and net-
work characteristics is that people who are located closer together
in physical space have a higher probability of forming relationships.
This propinquity effect was  first identified by Festinger et al. (1950).
While this pattern holds across a wide range of samples and time
periods, recent work explicitly examines the form of that relation-

ship, whether and how it operates differently across multiple scales
or social relations, and how readily different actor types exhibit the
tendency.

1 A sixth that we do not address, but has been comprehensively addressed else-
where in the literature, is networks of ties among spatial elements. For a review see
Barthelemy (2011).

dx.doi.org/10.1016/j.socnet.2011.10.007
http://www.sciencedirect.com/science/journal/03788733
http://www.elsevier.com/locate/socnet
dx.doi.org/10.1016/j.socnet.2011.10.007
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In this special issue, the papers by Daraganova and colleagues
nd Preciado and colleagues are concerned with identifying the
xact form relating spatial proximity to tie probability – known
s the “distance interaction function” or “spatial interaction func-
ion.” A number of features of the spatial interaction function are
specially important for understanding how social networks are
ssociated with spatial proximity. First, the baseline probability
escribes the tie probability for actors at zero distance from each
ther. For some relations (such as acquaintance) one might expect
his probability to approach 1, but for other relations (such as
xchange of resources that differ in geographic availability) the
aseline probability of a tie might be quite low. Second, the spe-
ific function (for example a power law or an exponential decay
unction) models how tie probability decreases with distance (for
xample, whether probability declines slowly or precipitously) and
he probability of ties at very long distances.

Networks within populations over varying spatial scales may
lso exhibit dramatically different patterns of tie formation with
espect to spatial distance. Articles in this special issue reflect some
f these possibilities, with articles that focus on tie formation within
ingle, small, well-bounded populations such as offices (Sailer and
cCulloch; Doreian and Conti), to much larger scales such as global

witter networks or residentially mobile populations (Takhteyev
t al.; Viry). Furthermore, given the limitations of existing data that
nclude both social networks and spatial locations, it is often dif-
cult to observe those relationships directly. In response to this
roblem, Butts et al. attempt to estimate the potential network

mplications of a given spatial interaction function from more read-
ly captured population patterns, such as population density.

Finally, the decay of tie probability with increasing distance
pplies not only to individuals, but to other actors as well. The arti-
le by Lomi and Pallotti demonstrates how similar processes shape
he likelihood of collaborative ties among organizational “actors.”

ocial networks and the selection of place

Social networks are both a motivation and a means for the selec-
ion of the places people inhabit. Even as individuals around the
lobe become more mobile, we are drawn to the people and places
e know (Ioannides and Zabel, 2008; Krysan and Bader, 2009).

he connections among people within a place can help us inter-
ret spatial arrangements (Grannis, 1998) and can shape future
patial patterns and social relationships – e.g., health or access to
esources (Blacksher and Lovasi, 2011; Macintyre et al., 2002). The
aper by Verdery and colleagues in this issue adds to this literature
y demonstrating the strong – but highly variable – influence that
inship relationships have on the spatial arrangement of housing
ocations within a large sample of villages in rural Thailand.

etwork and/or spatially bounded populations

A common problem for network studies is to determine the
oundaries for the population under study (Marsden, 2011). Simi-

arly, for spatial analyses, researchers must decide how to identify
hich portions of a physical location will be included for analysis

Amrhein, 1995; Flowerdew et al., 2008; Lee et al., 2005; Openshaw,
984). While a variety of strategies exist for identifying boundaries
e.g., organizational membership for network studies or admin-
strative boundaries for spatial analyses), often these boundaries
imit observation of the study population, or might inappropriately

lign with real social units. The combination of network and spatial
nalytic approaches offers an alternate strategy, as demonstrated
y Hipp and colleagues’ use of peer network structure to identify
eighborhood boundaries.
ks 34 (2012) 1– 5

Co-integrated measurement of network and spatial analytic
concepts

When researchers examine network and/or spatial effects, there
are frequently substantial theoretical and empirical reasons to
presume that each influences the other. Thus, modeling one inde-
pendently of the other could lead to improper conclusions. To date
however, few methods have been developed for providing “spa-
tially informed” network measures or “network-informed” spatial
measures. In one exception, Expert et al. (2011) developed a tech-
nique for identifying network community structure that factors out
the contributions of space. One approach is to use relatively stan-
dard measures from one perspective, weighting their calculation
according to information about the other – e.g., weighting the calcu-
lation of betweenness centrality by the physical distance between
nodes (Brandes, 2008). It therefore remains an open question
whether simple juxtaposition or weighting of standard measures
– or other similar minimal alterations – can sufficiently account
for the important ways in which these approaches influence each
other or whether new, truly integrative, measures will be neces-
sary or desirable. One approach, employed by several papers in this
special issue is to incorporate spatial covariates into statistical mod-
els for social networks to examine their separate and joint effects
(Daraganova et al.; Preciado et al.; Schaefer). Further answers to
these questions will likely develop as research increasingly turns to
the sequence of social and spatial processes influencing each other
and their joint contributions to a range of subsequent outcomes
among longitudinal study populations.

Multiple context influences on outcomes

The final aspect of integrating social network and spatial analytic
approaches addresses their potential influence on other outcomes
of interest – e.g., social networks can identify processes that pro-
mote or constrain the dissemination of ideas or pathogens through
populations (e.g., Morris, 2004; Rogers, 1995), and spatial and envi-
ronmental characteristics can substantially alter population health
behaviors and outcomes (Mujahid et al., 2008; Pope et al., 2009;
Rundle et al., 2008). Moreover, these processes can potentially
influence one another, derive from similar sources and mediate
or moderate the effects of the other. For many researchers con-
cerned with aspects of health, crime, demographic events and other
related outcomes, the ultimate utility of rigorously combining net-
work and spatial analytic strategies lies in the possibility that such
an integrated approach may  better explain outcomes. Here, Mennis
and Mason examine how spatial and social networks combine to
influence adolescent substance use.

Contents of the special issue

Roughly half of the papers included in this issue come from par-
ticipants in two  conferences: the “Capturing Context Conference”
was held at Columbia University in June 2009, and the “Interna-
tional Workshop on Social Space and Geographic Space” was held
at the University of Melbourne in September 2007. The discussions
that these conferences offered, and the articles presented here,
describe some of the important recent advances for integrating net-
work and spatial analytic work, and should serve to spark future
efforts to further explore their integration.

The paper by Daraganova et al. focuses on two issues: deter-
mining the specific form of the relationship between geographic

distance and the probability of a tie between a pair of individu-
als, and examining the extent to which endogenous social network
factors affect tie probability even after accounting for the effect of
spatial proximity. The data in the paper come from a two-wave
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nowball sample of individuals. Individual’s residential locations
ere recorded by noting the name of the street, the type of street,

nd the suburb of the residence. Since street addresses were not
ecorded, individuals were randomly assigned a street number,
hich was then geocoded. Distances between individuals were

alculated as the Euclidean distance between their assigned loca-
ions. Network data consisted of responses to two questions: “who
re you close to?” and “with whom do you discuss employment
atters?” The authors then use a series of models to investigate

he form of the distance interaction function, considering versions
f power laws, attenuated power laws, and an exponential decay
unction. They find that the best model is an attenuated power law
ith baseline probability equal to 1. They then use statistical mod-

ls that include both spatial and network effects and find that even
fter accounting for spatial proximity, endogenous network effects
re important in explaining interpersonal tie probability, and these
etwork effects are robust to omission of spatial effects.

Preciado et al. use a three stage modeling strategy to investigate
he functional form relating spatial proximity to adolescent friend-
hip and the effects of proximity and other institutional factors
n the existence, creation, and maintenance of friendships. Their
ata consist of three waves of friendship nominations among ado-

escents in a Swedish town. Student’s household locations were
eocoded and distance calculated as the linear distance between
ouseholds. In contrast to Daraganova et al., Preciado et al. use a
onparametric approach to estimate the form of the relationship
etween proximity and tie probability and find that the logarithm
f distance provides the best fit to the log-odds of friendship. This
unction is then approximated using logistic regression. Finally,
hey use stochastic actor oriented models to examine how distance
nd other factors affect friendship existence, creation, and mainte-
ance through time. They find that for this sample of adolescents,
istance is more important for friendship existence and creation
han for friendship maintenance, and the log odds of friendship
xistence and maintenance are modeled well by a smooth function
f log of distance. With respect to context, they find that the dis-
ance effect on friendship is stronger when students do not attend
he same school than when they do. Like Daraganova et al., Pre-
iado et al. also find that network structural effects are important
n accounting for friendship, even when distance is included in the

odel.
Doreian and Conti likewise explore the degree to which spatial

rrangements constrain social interactions. They present 5 sce-
arios: alliance and conflict in the Bank Wiring Room, friendship

ormation in a police academy, a communication network unfold-
ng during the response to a small tornado, warfare among the
ahuku-Gama sub-tribes of New Guinea, and trading relations
long the Dalmatia coast. A range of social network analytic tools
re deployed, including sociograms, matrix arrays, block modeling,
uadratic assignment regression, and exponential random graph
odels. They focus on fixed spatial arrangements and changing

ocial networks, but note the need for temporal data on spatial
ontexts as well. The clear message across examples is that spa-
ial proximity and location influence the formation and nature of
ocial ties, but more subtle and provocative points are made on the
mplications of adjacency that vary across different types of ties and
ifferent types of actors.

Sailer and McCulloh focus on how spatial proximity influences
ocial interaction in the relatively constrained spaces of four for-
al  organizations, with a variety of physical office configurations.

ather than using Euclidean distance to measure spatial proximity,
ailer and McCulloh explore other ways of capturing spatial dis-

ance as provided by “Space Syntax”. They examine which method
f capturing the distance between actors more readily accounts
or the likelihood of observing social interaction between actor
airs. Using a series of exponential random graph models, the paper
ks 34 (2012) 1– 5 3

identifies the best way of accounting for spatial distance, and esti-
mates whether office layouts have an independent effect on tie
formation beyond other conceptualizations of proximity. For three
of the four studied cases, they find consistent propinquity effects,
and that “metric distance” – or the shortest possible walking dis-
tance between pairs – best captures that effect.

Viry’s article examines the influence of prior residential mobil-
ity on the size, composition, spatial dispersion, triadic closure and
level of support provided in later-life social networks. The paper
draws from data on a national probability sample of adults from
Switzerland to examine these varied relationships. The analyses
find that neither prior mobility nor the distribution of alters influ-
ences the amount of social support received. However, more mobile
actors demonstrated greater geographic separation and higher
transitivity among their named alters than those who were pre-
viously less mobile.

Takhteyev and colleagues sample dyads of Twitter followers to
examine how readily spatial proximity predicts Twitter “follower”
ties. As with other examples in this issue, they find both that dis-
tance matters for the probability of observing a tie and that simple
Euclidean distance is not the best way  to account for that relation-
ship. While many have postulated the Internet as breaking down
traditional barriers to social interaction, consistent with previous
empirical work on this question (including some by these authors
elsewhere), face-to-face and online interaction appear to remain
closely intertwined. In fact, in this case, the availability of airline
travel between destinations is the most efficient operationalization
of the propinquity effect on the probability of Twitter ties.

Spatial distance has the potential to serve as a powerful deter-
rent to social tie formation. This premise has allowed Butts and
colleagues to infer the social structure of metropolitan areas
throughout the US. Population census data at the block level reveals
a topography of varying population density within micropolitan
and metropolitan areas. If proximity is a key determinant of friend-
ship, population density should predict greater local degree and
connectivity of a friendship network. A simulation study is used
to explore the consequences of real population distributions given
a fixed “spatial interaction function” that specifies the probability
of a tie conditional on geographic distance between individuals. A
stratified sample of 16 micropolitan or metropolitan areas is gen-
erated, representing a wide range for both population size and
density. Block-level census data are then deployed to examine the
implications of local density variations and modeling choices for
network structure. This paper rests on a parsimonious set of inputs
and assumptions, setting the stage for further exploration of how
other factors play out against this landscape to influence network
ties.

The article by Lomi and Pallotti examines predictors of patient
transfers among hospitals in the Lazio region of Italy. Accounting
for hospital characteristics and sender/receiver effects – including
overall patient load and the variation of specialties represented
in individual hospitals and potential transfer dyads – the authors
find strong independent effects of both spatial and endogenous
network parameters on the probability of inter-hospital patient
transfers. They find a propinquity effect, but also find that spatial
“competition” (as represented by the degree of overlap in poten-
tial patient pools) significantly increases the likelihood of patient
transfer between two hospitals.

Verdery et al. use data from 51 villages in rural Thailand to
investigate the association between kinship networks and residen-
tial proximity. Their data consist of extended kinship networks
constructed from spouse and parent–child relationships along

with residential locations (geocoded from GPS measurements).
Data were collected as part of complete household surveys in
each village. Their analysis takes both a system level perspective
by examining extended kinship groups and a dyadic perspective
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ooking at pairs of individuals at different levels of kinship close-
ess. From both perspectives, closer kin tend to reside nearer to one
nother than do more distant kin, though household co-residence
ccounts for much of the effect. In contrast to many articles in this
pecial issue that view social relations as conditioned by geographic
roximity, it seems likely that, to a large extent, residential prox-

mity in these rural villages is the result of kinship relatedness, as
eople consider proximity to kin in making their residential deci-
ions. In addition, the association between kinship and dwelling
nit proximity holds in some of the 51 villages but not others,
roviding a cautionary note for network case studies.

Social connections may  in turn inform the definition of
patial units, as highlighted by Hipp and colleagues. They artic-
late the conceptual link between social network structure and
eighborhood definitions, then set out to create and describe
etwork-informed neighborhood boundaries. Adolescent social
ies are used as a proxy for the larger set of social network ties
hat would ideally inform the neighborhood definitions. Social con-
ections are used to effectively reduce the “distance” between
eighbors. The validity of the resulting neighborhood set is assessed
ia agreement (high ICC) among residents about neighborhood
haracteristics (physical disorder, crime, cohesion, etc.), and the
uthors conclude that the network-neighborhoods surpass more
tandard approaches based on administrative boundaries (census
lock group or tract) or physical distance alone.

Schaefer reveals how social network ties can enhance an under-
tanding of geography in a different setting. Co-offending ties from
uvenile arrest records are used to inform the investigation of
ocial relationships tying administratively defined neighborhood
nits (census tracts) together into a larger community struc-
ure. Co-offending is more likely between census tracts that are
loser geographically or within the same school district, as well
s between tracts that are more similar socially (e.g., based on
acial composition or prior juvenile criminal activity). Intriguingly,
he two spatial predictors appeared to offer more explanatory
ower than the five indicators of social similarity. The salience
f spatial relationships is also reflected by the largely contiguous
ommunities detected using a Spin Glass algorithm. This focus on
he ties among adjacent neighborhoods brings research on crim-
nology to a scale that has received limited prior attention, and
hallenges assumptions sometimes held in the broader neighbor-
ood effects literature that neighborhoods represent independent
bservations.

Juxtaposing social connections and spatial contexts, Mennis and
ason highlight their joint relevance to understanding substance

se. This investigation uses non-residential activity spaces along-
ide home neighborhood, drawing attention to the ways that social
ehaviors and spatial settings can coalesce to influence the indi-
iduals involved. Results show that neighborhood concentrated
isadvantage and social interactions in high-risk locations predict
dolescent alcohol and drug involvement. The strength of both
bserved associations increased with age, and this parallel pattern
f effect modification by age suggests that both types of contexts
ay  be particularly salient to older adolescents as they gain inde-

endence.

irections for future research

Previous literature and the articles in this special issue pro-
ide several potential avenues for further integration of network
nd spatial analytic strategies. We  conclude this introduction by

ighlighting avenues that may  prove especially fruitful.

First, the advances presented here provide additional motiva-
ion for future collection of network and spatial data. The articles
n this special issue vary in their approaches to measuring spatial
ks 34 (2012) 1– 5

location and quantifying spatial proximity between units. Global
positioning systems and electronic tracking devices readily record
locations, and clever survey questions can elicit residential or
other locations (neighborhoods, streets and cross streets) when
precise locations are not required. Future data collection efforts
should heed the detailed advice presented elsewhere (Cressie,
1993; Marsden, 2011), along with accounting for the considerations
mentioned above. For example, the form of the spatial interaction
for a specific kind of social relation informs the range of distances
over which proximity matters, and how it matters and influences
the potential utility of their combination. Even in the absence of
information about social ties and locations for an entire population,
information about the spatial interaction function, in combination
with population densities for a region, can go a long way toward
modeling the spatial distribution of social ties. Also, we  may need to
widen studies’ population boundaries to gather information from
people who are socially connected and/or geographically proximate
(Lovasi et al., 2010). Adding geographic data to a social network
study may  be insufficient when it unnecessarily excludes uncon-
nected but proximate people to compare with network alters.
Likewise, adding social network data to a geographically bounded
study may  lead researchers to miss people outside of the immediate
vicinity who  are nonetheless important social contacts.

Second, the combination of spatial and social network infor-
mation allows investigation of the effects of each on the other
and on outcomes of interest. Several papers in this special issue
found that both spatial proximity and social relations mattered.
And perhaps more importantly, they were not substitutable. Fur-
ther investigations should provide insight into exactly how these
different proximity effects operate.

Third, there are possibilities for further development of analytic
approaches that integrate spatial and social factors. A number of
the papers in this special issue incorporated spatial covariates into
statistical models for social networks (Daraganova et al.; Preciado
et al.; Schaefer) and others looked more descriptively at associ-
ations between spatial and social relations (Verdery et al.). Few
papers incorporated both space and social networks into novel
measures of social concepts. The paper by Hipp et al. on neighbor-
hood definitions provides an example. However, whether or not it
is useful to integrate spatial and social proximity in the definition
and explanation of other social concepts remains an open question.

Finally, time is largely absent from the discussion above. Recent
modeling developments have significantly extended our under-
standing of dynamics in and on networks (Moody, 2002; Snijders,
1996). Likewise, longitudinal spatial data provide new opportuni-
ties to understand the temporal evolution of people’s interactions
with their physical contexts (Diez-Roux, 2007; Rainham et al.,
2010; Wheaton and Clarke, 2003). Thus, a key element for inte-
grating spatial and network analyses will be to consider how
relationships evolve through time, highlighting ways that the
dynamics of these processes compare to the (largely) static under-
standings established to date.

Moving forward, the joint study of spatial and social networks
is complicated by the need to protect human subjects and their
confidentiality, and by the potential for bidirectional causation.
The need to consider processes unfolding over time at multiple
scales – from interpersonal to organizational – further complicates
the picture. Nonetheless, the potential for increased understanding
through capturing context more completely makes the incorpora-
tion of spatial and social network analyses into study design and
analyses worthwhile.
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