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Abstract

The philosophy of group behaviours, mass movements, and perception building that
lies in social ties forms the basis for driving individual preferences. The combination
of the actors and the relationships between them create a social network graph. This
form can be seen in diamond and graphite or such type of materials that are
fundamentally made of carbon atoms, yet display altogether different properties based
on bonds formed between the carbon atoms of their molecules. An old proverb also
emphasizes the impact of companionship in shaping one’s personality, recognises the
importance of social networks. In the present times, investing in influential
relationships helps individuals build their social capital and to be able to get access to
relevant individuals and their networks. The advancements in communication
technologies has eliminated geographic distance as a limiting factor which has driven

the world to be a single connected entity.

Social network analysis (SNA) is based on graph theory principles, which have
been applied to solve specific problems related to information flow and exchange,
opinion formation, behavioural sciences, research and innovation, organisation
network, drug discovery, etc. In this thesis, we propose that SNA can be universally
applied to any domain to study network connectedness principles for understanding
behaviours and propagation mechanisms in real-world scenarios. To elucidate, we
have selected four diverse domains i.e. animal behaviours, student interaction patterns

in a school setup, epidemic spread & surveillance, and brain networks.

The first study is about understanding the behaviour patterns of dolphins, which
are known to be the most intelligent animal. The objective was to understand and
measure their inter-group and intra-group behaviours by applying SNA techniques. A
meta-network structure was built and various centrality measures were mapped with
the different leadership qualities such as persuasion, listening, resourcefulness,

information-passing, and community building abilities. The display of such



behaviours makes dolphins more vulnerable to attacks and threats. The study findings

would be an important input to formulate strategies for saving this endangered species.

In the second set of studies, attempt was made to understand the behavioural
pattern of students inside the school premises. SNA techniques were applied to study
their direct interactions with other students and teachers. One of the findings was that
the students exhibited the concept of homophily, wherein their behaviours were
indicative of a significant preference to interact with the same gender and grade level.
Further, new measures such as dyadic churn rate, persistence rate, retention rate, and
new dyads rate were defined for analysing temporal dyadic relationship and future
prediction of new dyads formation among students. In this study, a logical method was
defined for constructing a centrality pool of central individuals, considering sufficient
representation from all diverse groups. This pool would be an important step for any
kind of diversity and inclusion initiatives and hence members of the pool can also act
as change agents. The logical method was also applied in a scenario which
demonstrated the propagation of contagious disease to be 25% faster when a random
student from the centrality pool gets infected as compared to a random student who
does not belong to the centrality pool. These inferences are key to formulating the
vaccination strategy and also to isolate central students from each other and rest of the
students in the network in case of epidemic spread. Also, a comparison of various
centrality measures was done which is suggestive of an important factor to consider

while deciding between computational redundancy and inclusion.

The third domain of study is regarding epidemic spread and its surveillance. The
objective was to formulate a single strategy at the national level and thereby to
consolidate the efforts of individual states and union territories (States/UTs). SNA
approach is proposed to constitute four regional hubs in India. The regional hub control
centres (RHCC) were also identified for each regional hub as the location for
governance based on the regional hub control scores (RHCS). Using Regional Hub
Network Score (RHNS, few States/UTs were found to be the most vulnerable to any
epidemic spread. Hence it was recommended to keep a close watch on these states and
to formulate strategies to curtail the epidemic spread from the onset itself. This will
further reduce the wastage of time, effort, and money of individual States/UTs.
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The fourth domain of study was that of brain connectivity. The objective was to
develop brain topology template for 128-channel geodesic sensors used to capture
signals using Electroencephalography (EEG). Using SNA, the network graph was
generated and was overlayed on the brain topology template for all four different
image stimuli i.e., positive, chimeric, eyes only, and negative. Brain network analysis
was performed to analyse brain functional connectivity. Also, a comparative analysis
was done to identify the similarity between two categories of stimuli. The visual
representation of the brain networks overlayed on the template will help medical
practitioners detect the existence or absence of pseudo-structural and functional

channels in brain circuitry to diagnose various neurological disorders.

The application of network connectedness principles using SNA led to an
important area of research as elucidated in four diverse domains in this presented
thesis. The applications of SNA are domain agonistics and its principles are universally

applicable in any field.

KEYWORDS: Social Network Analysis, Centrality measures, Epidemic

Surveillance model, Dolphin database, Contact database, Brain networks.
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