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ABSTRACT

In this paper, we introduce social network analysis for investigating the effect of Information and
Communication Technology (ICT) use on the performance of the faculty in Engineering Colleges in rural
India. Here, we highlight the data collection procedure, its benefits and limitations and standard measures
of social network data. We first suggest that collection and analysis of relational and attribute data offers
richer insights with regards to the investigation of structural effects of network position on performance of
Engineering faculty. Second, drawing from theoretical and methodological strengths of previous studies
conducted in Social Network, we describe the process for collecting relational data from the faculty
members in isolated and rural settings. We primarily discuss two specific types of social network data
collection approaches-- (i) whole network and (ii) ego-centric network approach; and highlight its
opportunities and challenges. Third, we discuss the problem of network sampling in the context of faculty
members in rural areas. Finally, challenges associated with analysing social network data are presented.
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INTRODUCTION

Social network studies have gained significant recognition in terms of both theory and
method in recent years. Theoretical studies on social networks have greatly impacted various
domains such as social capital, knowledge management, and network organisations and so
on. Based on the theoretical constructs of sociology, mathematical foundations of graph
theory and recent developments in computer hardware and software, social network analysis
(SNA) offers a unique methodology for visualizing and investigating social structures and
relations. While a general social survey usually allows for studying individuals’ properties as
the prime context for explaining outcome, SNA incorporates the social context to explain
individual or group outcomes. The relationships between the actors hence become the focus
of study and the properties of the actors themselves remain secondary. This paper focuses on
the data collection procedure, its benefits and limitations and standard measures of social
network data within the context of the knowledge-intensive work of Engineering College’s
faculty in rural and isolated settings.

The development of the field of social networks was brought about in the 1930's by
several groups working independently in different traditional fields. Georg Simmel
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constructed a theory that explained the causes of social phenomena and contributed towards
‘formal sociology’, which was the predecessor to SNA. In 1934, Jacob Moreno became the
first to operationalize a social network by creating a system for representing a social network
as a combination of nodes and links.

By the late 1930s, two separate traditions for SNA had developed. The first was the
work by a group at Harvard University on ways to find subgroups of people in larger groups.
The sociocentric approach developed from this tradition. It involves the quantification of
relationships between people within a defined group. The focus is on measuring the structural
patterns of those interactions and how those patterns explain outcomes. The second tradition
originated from group of anthropologists at the University of Manchester which paved the
way for community studies and gave rise to the egocentric approach. They studied the
networks of relations surrounding individuals rather than focusing on the whole society.
Therefore, with its focus on individuals, it was concerned with making generalizations about
the features of personal networks.

SOCIAL NETWORK AND ANALYSIS

A social network is basically a set of actors and relations that hold these actors
together. Actors can be individuals or aggregate units such as departments, organizations, or
families. Actors form social networks by exchanging one or many resources with each other.
Such resources can be information, goods, services, social support or financial support. These
kinds of resource exchanges are considered a social network relation, where individuals who
maintain the relation are said to maintain a tie. The strength of their tie may range from weak
to strong, which depends on the number and types of resources they exchange, the frequency
of exchanges and the intimacy of the exchanges. Further, social ties consist of multiple
relations (as in the case of teachers who have a teacher - student relationship as well as a
friendship relationship) and therefore are called “multiplex ties”.

Social networks can be categorised into one of the two types of networks. One-mode
networks consist of a single set of actors. They differ from two-mode networks in that two-
mode networks consist of two sets of actors or one set of actors and one set of events. The
simplest form of a social network consists of actors and/or events and their connections to
each other. The network sociogram presented in Figure 1 depicts the collaboration network of
social network authors who have co-authored journals together. The nodes in the network
represent the authors (coded in numbers) while the relations (links) show the co-author
relationships between the authors. The network is one-mode because it is a co-authorship
network only.
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Figure 1: An example of a Social Network

The relation in this case is undirected, which means that if author 30 has co-authored
with author 35, then the converse is also true. If the relations indicated friendship, then a
directed line from actor A to actor B is not necessarily the same as a directed line from actor
B to actor A. In the sociogram, author 49 is the most prolific author because he has published
the most articles. A simple count of the lines (degree count) indicates that he has co-authored
with nine other authors. The component created by the sub graph of author 23, 32, 43, 6, 57
and 25 indicates a clique because the structure shows that each actor within the clique is
directly connected to any other node in the sub graph. An interpretation of the clique structure
is that the authors were probably interested in the same aspect of the subject of social network
analysis which resulted in co-author collaborations and publications.

The use of SNA methods depends on the availability of relational rather than attribute
data. It further allows the mapping of relationships between people. This can be used to
identify knowledge flows such as who do people seek information and knowledge from?
Who do they share their information and knowledge with? An organisation chart, shows the
formal relationships such as, who works where and who reports to whom, however a social
network analysis chart shows the informal relationships such as who knows whom and who
shares information and knowledge with whom. As such, SNA makes it possible to visualize
and understand the relationships that may facilitate or impede knowledge creation and
sharing. Since SNA allows these relationships to be visible, it is sometimes referred to as an
‘organisational x-ray’ which shows the real networks that operate underneath the surface
organisational structure.

CONTEXT OF THE STUDY

The collection of data from a social network is similar to the collection of data from a
sample of individuals in any general social survey (GSS). However, one key difference is that
in designing a social network survey, relational data is collected along with attribute data.
The inclusion of the relational data allows for describing and understanding significant
aspects of an individual’s interpersonal and social environment, social participation, and
exposure to normative pressures. Analysis of both attribute and relational data (e.g. Ethnic
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background and number of social ties in a workforce), which can offer richer insights to
explain social outcomes.

The domain of this study is the Engineering College faculty (ECF). In this study, we
explore the effect of social network position and ICT use on performance of rural engineering
college faculty in India. ECF are geographically isolated from more populated practices.
Therefore, nature of their work, isolation from the urban community, and the numerous
problems that plague their practice makes this study potentially important. The collection of
primary social network data from rural ECF entail problems related to sampling and mode of
administration (face to face interviews, mail outs, telephone interview, etc). Problems such as
decreasing ECF performance as they age, lack of association with professional peers, keeping
up to date with modern technology, isolation from community provide the motivation for an
understanding of the interplay between social networks, ICT use and performance of rural
ECFs. In this paper, we focus on the phase of collecting social network data from a random
sample of ECF’s from rural India. The issues of sampling (general and network) are
discussed below.

NETWORK DATA COLLECTION
There are two main approaches to social network data collection — whole network and
egocentric network approach. Below is a brief description of these approaches.

Whole or Sociocentric Network Approach

The focus of a whole network analysis is on measuring the structural patterns of those
interactions and how those patterns explain outcomes, like the concentration of power or
other resources, within the group. The underlying assumption is that members of a group
interact more than would a randomly selected group of similar size. Sociocentric network
analysts are interested in identifying structural patterns in cases that can be generalised. In a
whole network study, the actors of the network are usually known or easily determined. This
is because a Sociocentric network study usually focuses on “closed” networks implying that
the boundaries of a whole network are a priori defined. Data collection using a whole
network approach usually involves listing the names of the actors in the form of an adjacency
matrix. For example, in a general practice that consists of 15 faculty members (n=15)
including the ECF and the administration staff, a whole network study may be conducted in
order to understand the communication network of the practice. A roster of the names of all
the workers in the practice will be presented to each of the worker. A simple name generation
question such as “In the past two months, who have you communicated with more than twice
in a week within the practice in order to carry out your daily task?” Obviously, a definition of
what constitutes a daily task will need to be provided to the respondent.

There are challenges for conducting network data collection using a whole network
approach in the context of rural ECFs. To conduct a whole network study of the ECFs in rural
India would mean that all names of the ECFs would need to be known, which would generate
a huge list of names (roster) for recall by the respondent. However, previous studies suggest
that scrutinising through long lists of names and identifying the multiple types of ties with

3B1JODLS



anternatgonal Journal of
INTERNATIONAL JOURNAL OF DIGITAL LIBRARY SERVICES D-GITAL L-BRARY SERVICES

Vol. 1, Oct— Dec. 2011, Issue; 2 www.ijodis.in  (1SSN:2250-1142)

each person on the roster causes fatigue and recall problems. Given these difficulties, we
explore the egocentric network approach as an alternative strategy for data collection.

Egocentric Network Approach

In the social network parlance, the person we are interested in is referred to as the
“ego” and the people referred as his affiliate, advisor, friend, or relative, are known as
“alters”.Previous studies explored the professional affiliation and occupational status of 50
Directors of University Libraries and 50 Directors of College Libraries in the UK and
claimed that individual attributes affected the characteristics of their social networks to a
certain extent. The two professional groups were chosen because of their probability to have
well developed networks and because they were the two most important groups in the library
community in terms of number and power. The authors stratified their sample according to
the Binley’s Directory and randomly selected the Directors for their study. They asked the
following name generator question:

“From time to time, people discuss important professional matters with other people. In the
last twelve months, who are the people with whom you have discussed important professional
matters?”’

West et al utilised descriptive statistical measures of cross classifications of the
different groups to compare the means and the results (from the Pearson’s Chi-square tests)
of the socio-demographic attributes such as sex, marital status and education across the two
groups. Secondly, they compared the means of the variables across the occupational groups
and these variables included age, professional associations, social associations, journals read,
network density, degree centralisation and information centrality. A statistical-significance
test of the hypothesis that the means were not equal was also conducted. Thirdly, they cross-
classified alter’s relative rank and ego-alter tie strength against the occupational group to
show (using Pearson’s Chi-Square test) the statistical significances between the two groups.
The measures of density, centrality and centralisation were then used to analyse the relational
data. Some of the social network measures used are discussed in greater detail in the below
section entitled “Social Network Data Analysis”.

The study of the effects of social networks and ICT use on performance of rural ECFs
of India builds on the tradition established by Coleman, Katz et al and the methodology
utilised by West et al. Burt’s proposal to General Social Survey (GSS) motivates the
methodology of this study. Therefore, the study bases its survey instrument on questions
provided by GSS, with a few modifications to suit the focus on social networks of rural
ECFs. To understand social network effects on performance, both relational and attribute data
need to be collected and linked to facilitate analysis. Attribute data will include performance,
ICT use, and personal attributes such as age, education, journals read, and memberships of
professional and social associations of the ECFs. Relational data includes elicitation of five
alters with whom the ECF (ego) discuss important professional matters within a certain time-
frame (e.g. past six months), detailed information about each alters, nature of relationship
between the ego and alter, as well as the nature of relationship between alters.
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The dependent variable, performance, is classified into task based and contextual
based performance. Task-based performance includes those activities that are directly or
indirectly related to the technical core of ECFs activities. Contextual based performance is
defined as behaviours that support broad organisational, social, and psychological
environment of the organisation in contrast to behaviours that support the organisation’s
technical core.

The use of ICT by ECFs for their task or contextual-based activities, which impacts
on any of the constructs of performance is a function of *ICT use’ (an independent variable in
this study). Additionally, ICT is also considered to support and facilitate social networks by
enabling actors to communicate in real time at low cost regardless of geographical location.

GENERAL SAMPLING STRATEGY

Similar to a social survey, sampling remains an important issue in network survey
design especially when dealing with a large population. The population in this study is the
ECFs of rural India. The teaching practice serves as the sampling unit and their colleagues
(their ties) are the observation unit. There are 28 states and 7 UT’s and 640 districts within
India totalling 15,180 ECF’s in rural India. These districts serve as a readily available
mechanism for both the stratification and clustering of the sample of rural ECFs. A simple
estimation of the sample size at the 95% confidence level and at the 5% confidence interval
shows that 3070 ECF responses are needed.

The stratification sampling strategy presents two potential issues. Firstly, if the
districts are deemed to be the stratum, then we need to consider what constitutes an
appropriate sub-sample within each district given the confidence interval and confidence
level. Secondly, a simple random sampling strategy of all the 640 divisions is expensive in
terms of time and money because the researcher would have to travel to all the 640 divisions
across India in order to collect data. The main advantage of conducting a stratified sampling
approach is that the data would be more representative of the rural India ECFs because the
data would have been collected from a random sample of all the 640 divisions. Further,
recent research has shown that online communication provides a more effective and valid
measure to collect network data because of the caller’s anonymity especially in sensitive
settings. Therefore, the issue of travelling becomes void because the collection of network
data from ECFs in rural India will be mostly conducted online.

The cluster sampling strategy remains a more viable option in terms of time and
financial cost. Considering each division of general practice to be a cluster, one may choose a
random sample of 7-10 divisions amongst the 640 and administer the survey to all the ECFs
of that division. The issue with this approach however, lies in the problem of non
respondents. Although the ego-centric approach addresses this problem partially in that there
is the chance that other ECFs surveyed in the study might nominate the missing ECF as one
of his alters, the attribute data of the “missing” ECF pertaining to ICT and performance may
not be ascertained.
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NETWORK SAMPLING ISSUES

There are some general assumptions that are taken into account in this study to collect
social network data from rural ECFs in India. First, the proportion of alters in an ECF’s social
network are also members of the population. Second, it is assumed that everyone has an equal
chance of knowing someone in a given population. Third, everyone has perfect knowledge
about the members of their social network. This is expressed as:

m=¢C
e

Where m is the average number of alters that respondents know in the subpopulation,
c is the average size of the respondent’s network, e is the total size of the subpopulation and t
is the total population. The problem with this equation to model sample size is that the
assumptions mentioned above are usually not met for all subpopulations.

To account for this problem, Granovetter provides a theoretical framework for which
acceptable estimates for very large populations may be generated. The assumption that
Granovetter makes is that the average acquaintance volume (V), (i.e. the average number a
respondent knows) can be computed from the calculation of a density of a network.
Assuming that the ties are symmetric, and Nt is the number of ties observed, and N is the
number of actors in the network, density can be calculated as:

D=_2Nt..

N(N-1)

Now, given that the Nt ties observed represent two cases of an alter knowing other alters, then
the total number of contacts in the network must 2Nt and the average number per person is
2Nt/N. The average acquaintance volume therefore is embedded in the calculation of density
because V= (N-1) D by simple algebraic manipulation.
Through the calculation of the density estimate, Granovetter statistically proved that using a
single large sample, it is feasible to estimate large populations while promising an
unambiguous structural estimate with known variance. In fact, he proposes that it is
theoretically and methodologically more sound to sample a few large samples rather than
many small ones. The following graph demonstrates between the relationship of a given
average acquaintance volume, the population size and the estimated sample size required:
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Figure 1: Sample size required for 95% confidence limits on network acquaintance
volume, 20% error, for population sizes from 100-1,000,000, and true volume (V) of
100, 500, and 1,000. [22]

Value of » for Which

Average 2
Acquaintance w=1
Paopulation Size (N) Volume Minimum “Typical Maximum
1,000,000 ........ 100 1,382 (7.69) 1,465 (8.01) 7,460 (22.24)
L,000,000 ........ 500 619 (1.54) 705 (1.86) 1,415 (3.83)
1,000,000 ........ 1,000 438 477 668 (1.53)
100,000 ........ 100 436 522 (1.08) 6,800 (15.25)
100,000 ........ 500 195 292 1,165 (2.44)
100000 .. vivues 1,000 138 181 425
10000 ,..ovene 100 136 233 2,570 (6.62)
10000 ........ 500 60 178 1,030 (2.20)
10000 ........ 1,000 41 a3 370
L1000 .ol 100 40 145 454
1000 e 500 14 12 137
EOO0D .ouvines 1,000 i : e EpE

Note.—Where a single sample larger than 500 would be needed, the number of samples required
of size 500 is given in parentheses.

Table 1: Table showing the sample sizes needed to meet 20% Error, 95%
Confidence Limits, for w=1 (ie. No. of
Sample(s)) [22]

Using Granovetter’s model confirms that the estimated random sample of
approximately 300 ECFs is sufficient. As mentioned earlier, in a whole network study,
respondents are asked to identify a list of recognizable names from a given roster.
Granovetter suggests that respondents can easily cope with 500 names from large
populations. Other studies, however, show that about 150 are most feasible.

SOCIAL NETWORK DATA ANALYSIS
The following section describes standard measures of social network data that will be
applied in the context of ECFs:

Network Density: Network density basically represents the actual number of ties in a network
as a ratio of the total maximum ties that are possible with all the nodes of the network. A
fully dense network has a network density value of 1, which indicates that all nodes are
connected to each other. A network with a density value near O indicates that it is a sparsely-
knit network. For an undirected graph with N nodes and Nt ties the density D is defined as:
D= 2Nt
N (N-1)
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Local Centrality and Global Centrality: Local centrality measures the number of direct ties
that a particular node has, whereas global centrality measures indirect ties as well (i.e. ties
that are not connected directly to that node). This said, a node that lies at a short distance
between many other nodes is considered as ‘close’ to many other nodes in the network (also
termed as ‘closeness’). Freeman has proposed the measure of relative centrality to measure
the centrality of a node with respect to the overall centrality of the other nodes in the network.
In mathematical terms degree centrality, d (i), of node i is defined as:
d (i) = 2 mij
j
where mij =1 if there is a link between nodes i and j, and mij = 0 if there is no such link.

Centralisation: Centralisation and density are not only important measures in SNA, but they
are also complementary to each other. Density explains the general level of connectedness in
a network. Centralisation explains the extent to which the connectedness is focused around a
particular node. To measure centralisation in a network, we need to observe the differences in
the centrality values of the most central nodes and all the other nodes. Then, to arrive at the
centralisation value, we calculate the ratio of the sum of actual differences and the sum of the
maximum possible differences. Centralisation is thus defined as:

g
r=.> [max (Di)-Di]...

=1 (9-1)(9-2)

where Di is the number of people in the network that are directly linked to person i. The
number of actors is represented by g in this equation.

Betweenness: Betweeness measures the extent to which a particular node lies in between the
other nodes of the network. Betweenness centrality may be defined loosely as the number of
times a node needs a given node to reach another node. Stated otherwise, it is the number of
shortest paths that pass through a given node. As a mathematical expression the betweeness
centrality of node i, denoted as b(i) is obtained as:

gjik..
d@i=X gk
ik
Where gjk is the number of shortest paths from node j to node k (j, k # i), and gjk is the
number of shortest paths from node j to node k passing through node i.

LIMITATIONS OF SOCIAL NETWORK ANALYSIS

A real problem with network analysis in the past has been the inability to test
hypotheses statistically, because the data are by their very nature auto-correlated, violating
assumptions of independence (random sampling) built-in to most classical statistical tests.
With the advent of permutation tests, random graph models, and various multilevel models,
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however, this is much less of problem now. Furthermore, respondents are often asked to
recall behaviour that took place over a broad period of time in order to capture as much
information as possible. Brewer has found that forgetting to name people in recall based
elicitation of socio-centric networks is a potentially significant problem when collecting such
data. Also, if the time period is too long, or the amount of information too detailed, reliability
and accuracy are jeopardised. Some social network analysts express concern that data based
on recall, although widely used, may be less reliable than data gathered by observation. In
light of this, the quality of social network data based on recall have been systematically
studied where it has been claimed that people are generally very inaccurate in reporting on
their past interaction with other people. Later studies also confirmed the same findings but
added that people also remembered long-term or typical patterns of interaction with other
people rather well. Data gathered by self-reporting could explore the influence of other
personal variables that cannot be explored when data is gathered by observation.

SUMMARY

This paper provides an overview of the concept of social network analysis in terms of
understanding the performance of rural Engineering College Faculty. SNA has gained
significant recognition as a methodology in recent years. Combining relational data with
attribute data in the social survey, the insights gained from the analyses are richer than the
traditional social survey. The two main approaches used to study social networks are
sociocentric and egocentric network approaches. While the sociocentric approach is used to
study a social network where the boundaries are specified clearly, the egocentric approach is
gaining popularity because of its focus on individuals, groups and communities. This
approach was utilized in a famous study on the adoption of innovation of a particular drug
use by doctors. It was also used to understand the differences in the personal and social
characteristics of doctors and nurses in a study in UK. The methods used in these two famous
studies drive the methodological design for this study. In the end, issues related to network
sampling, data collection and analyses are discussed.
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