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Abstract

The spatial arrangement of social network data in graphs can influence viewers’ perceptions of structural
characteristics such as prominence, bridging and grouping. To study the extent of this effect, we conducted an
experiment with 80 graduate students. Each student viewed three of five differentsspatial arrangements of the
same network. We found that viewers’ perceptions of structural features of the network changed as the spatial
arrangement of the network changed. © 1997 Elsevier Science B.V.
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1. Introduction and problem statement

It is commonly assumed that graphs communicate important characteristics of
network data. In fact, the beginning of the field of social networks can be found in
Moreno’s use of the sociogram to communicate the power of network ideas (Moreno,
1953). As Harary points out, “‘It is very useful to have diagrams of graphs available for
the accumulation of data leading to conjectures’” (Harary, 1969, p. 213). When actors in
networks are presented as nodes in a graph and the relationships between them are
displayed as lines connecting the nodes, the graph conveys all the information contained
in the adjacency matrix and so the two are ‘informationally equivalent’ (Larkin and
Simon, 1987). However, the graph can also use Euclidean spatial relations to highlight
the relationships among actors. Thus, drawing network data in a graph may influence
individuals’ perceptions of social network attributes completely determined by the
structure of the network, such as the existence of subgroups and the relative centrality of
actors.
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In this paper we explore the influence of the spatial arrangement of networks on
individuals’ perceptions of common social network measures, in particular ‘prominence’
and ‘bridging’, which are two facets of centrality, and grouping. Prominence deals with
a node’s popularity and most closely relates to the degree of the node. Importance as a
bridge deals with a node’s strategic positioning between groups, and most closely relates
to betweenness centrality (Freeman, 1978). By spatial arrangement we mean a mapping
from the nodes of the graph to % X.% (the real plane).

A large body of work exists on computer programs to draw graphs according to
certain ‘aesthetics’ (see Di Battista et al., 1994, for a survey of this work). However,
almost all of this work considers aesthetics that attempt to improve graph readability
from a very general point of view without considering specific applications, and uses
general aesthetics such as the regular spacing of nodes and minimization of edge
crossings.

Only a few studies explicitly question the aesthetics in use and there has been very
little work on analyzing how well they actually improve the information conveyed in a
graph’s spatial arrangement. Ding and Mateti (1990) consider the subjective factors that
go into the drawing of a diagram intended to explain data structures in computer
programs. They produce their factors by examining the pictures that appear in a number
of text books in that field. Batini et al. (1985) make an experimental study of the
aesthetics used in entity relationship diagrams from the field of software engineering.
We are not aware of any studies that consider the information one might want to convey
in a social network spatial arrangement.

In this paper we present an empirical study of how the spatial positioning of nodes in
the graph influences individuals’ perceptions of network characteristics. We build on
previous work on graph drawing and apply it specifically to drawing graphs for social
networks. We find that individuals’ perceptions of graphs may depend on both the
structure of the network itself, that is the pattern of ties between nodes, and the spatial
arrangement of nodes.

In the rest of this section we describe the graph theoretical and Euclidean features of
a spatial arrangement that might influence the values an individual assigns to measures
of prominence, bridging, and grouping while looking at a graph. In the subsequent
sections we describe our experimental design and the results of the study.

Our experiment was conducted using five different spatial arrangements of one
particular network having twelve actors and 48 ties. This framework allows us to hold
structural relationships among nodes constant while varying their spatial relationships.
The arrangements vary in the proximity of nodes to each other and the positioning of
nodes toward the center or periphery of the graph. ‘

The factors that influence perception of graphs can be divided into two groups: those
that are concerned with spatial properties of the graph layout and those that are
concerned with graph theoretical properties of the network itself. In this study we
consider how Euclidean spatial factors affect the viewer’s perception of the graph when
structural features are held constant. In particular we consider the influence of:

1. proximity to the center of spatial arrangement on perception of prominence;
2. positioning between clusters of nodes in spatial arrangement on perception of
bridging;
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3. spatial clustering of groups of nodes in spatial arrangement on perception of
grouping.
In Section 3 we explain in more detail how the various measures were calculated and
show our results based on ordinary least squares (OLS) and analysis of errors in
reporting.

2. Experimental design
2.1. The study

Eighty graduate students who had Just completed a course in organizational theory (a
course that emphasized the importance of understanding networks in organizations)
volunteered to be subjects in the experiment. The subjects were given a questionnaire
containing three of the five graph spatial arrangements and told the following:

The following three graphs are modeled after networks of communications ob-
served in three different merger and acquisition teams of an investment banking
firm. A connection between two team members means that they discuss work-re-
lated matters with each other. If no line exists between two team members then
they never discuss work with each other.

All nodes were labeled with first names in the arrangements presented to the subjects.
By providing a context, the investment banking firm and member names, we attempt to
focus the subjects’ attention on the social aspect of communication networks. In every
arrangement, each node was mapped to a new name. For analysis and discussion
purposes, we have relabeled the nodes of interest with letters from A to E. For
prominence and bridging, A and B have the highest scores, followed by C, and D and E
have the lowest scores. The five spatial arrangements are shown in Fig. 1. It is important
to remember that all five spatial arrangements display identical networks.

We asked respondents two questions about the same five focal nodes in each graph:
how ‘prominent’ was each of five particular players in the graph; and how important a
‘bridging’ role did each of these five particular players occupy in the graph. We also
asked them to report the number of subgroups in the graph. Subjects rated the
prominence and bridging of the same five nodes (with different first name labels) for
each spatial arrangement by circling a number from 1 to 7 on a Likert scale that went
from not prominent (or not important as a bridge) to most prominent (or most important
as a bridge). The question about prominence was worded as follows: ‘‘Some individuals
have a more prominent role in their team than other individuals. Please rate the
following people according to how prominent within their team they appear to you by
circling the appropriate number next to each name.’’ The question about importance as a
bridge was worded in the following way: ‘‘Some individuals are important because they
form a bridge between subgroups. Please rate the following people according to how
important they appear to be as bridges between subgroups by circling the appropriate
number next to each name.”’ Finally, we created the questionnaire using a format that
allowed one spatial arrangement and questions about that spatial arrangement to be
viewed at the same time, without viewing any other spatial arrangement. -
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Arrangement 1 Arrangement 2

Fig. 1. The five different spatial arrangements of the same labeled graph.

We used an incomplete balanced Latin square design to control for order in the
presentation of the graphs by displaying each spatial arrangement first, second, and third
exactly once. There were five versions of the questionnaire, each version containing
only three of the five drawings. Table 1 depicts which questionnaire version (Q1 to Q5)






