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Abstract

The tasks of community detection in networks is well studied for static graphs. However, many social
and other real world networks include a time component that is not always considered in these analysis
techniques. Incorporating time as a descriptor for edges in a graph has the potential to significantly
increase the quality and type of observations that can be made about how community structure or
quality changes over time. By making modifications to network analysis techniques and applying methods
specialized for temporal networks it is possible to improve the quality of community metrics. We set out
to measure and compare the quality and structure of communities in a question-and-answer temporal
network and analyze how the communities evolve over time.
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1. Introduction

We set out to measure the quality and structure of communities in a question-and-answer temporal
network as they evolve over time as well as compare and contrast various community detection methods
on a temporal network. To accomplish this task, we will divide the network into graph snapshots, each
including all activities that occurred in a time slice interval p; = (to,¢;]. Each graph snapshot will be a
subset of the original graph and will contain only edges with a time stamp that falls within that time
slice interval and the nodes connected to one of these edges.

Community quality will be evaluated by calculating various metrics related to the structure of the
community at each time slice. One overall evaluation metric for community health will be the time-
weighted conductance of the community which applies greater importance to edges present in more
recent time slices in section 5.2. These and other values will then be compared for each community
across the time slices in order to measure how community structure changes over time. We will also use
multiple algorithms to detect communities at each time slice. These algorithms will then be compared by
measuring the conductance for the communities generated under each community detection algorithm.

1.1. Hypotheses

We hypothesize that the conductance value for the graph will decrease over time, indicating stronger
communities more focused on their area of the question-and-answer network. We also hypothesize that
community detection methods that take into account weighted edges (such as the Leiden algorithm),
with edge weights dependent on the time stamp, will perform better than unweighted methods such as
FastGreedy (the Clauset-Newman-Moore Algorithm).

































