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Project Summary:
Social networks such as those facilitated by social media, online games, or mobile devices have attracted
increasing attention from both academia and industry that explore how to leverage such networks for
greater business and societal benefits. Toward that end, we develop novel models, theories, and methods
that mine massive social network data for business purposes. In this project, we focus on a unique
phenomenon in social networks – the diffusion of adoption behavior (e.g., adoption of a product, service,
or opinion) from one social entity to another. Specifically, we investigate three critical and related
problems concerning this phenomenon: adoption, persuasion, and link recommendation. That is, the
diffusion of adoption behavior is initiated by persuaders and reached to adopters through the linkage
structure of a social network. Accordingly, we study the following problems: how to predict adoption
probabilities in a social network? how to predict top persuaders in a social network? and how to
recommend links for a social network? We follow design science principles to design, build, and evaluate
models, theories, and methods that solve these problems. Let us take the problem of predicting adoption
probabilities as an illustration. Adoption probability refers to the probability that a social entity will adopt
a product, service, or opinion in the foreseeable future. Building on relevant social network theories, we
identify key factors that affect adoption decisions: social influence, structural equivalence, entity
similarity, and hidden factors. The principal challenge thus is how to predict adoption probabilities in the
presence of hidden factors that are generally unobserved. To address this challenge, we develop a
Bayesian learning method on the basis of the expectation-maximization framework. Using data from two
large-scale social networks, we demonstrate that the developed method significantly outperforms
prevalent existing methods. The empirical results also offer two interesting observations: existing
methods that exclusively use social influence to predict adoption probabilities seem ineffective; hidden
factors appear to play a significant role in adoption probability predictions.
We also study a fundamental problem in social network analytics in particular and big data analytics
in general. Data (e.g., social network data) are dynamic in real world as new data are continuously
generated. Newly generated data could bring in new knowledge and invalidate part or even all of the
earlier discovered knowledge. As a result, a fundamental problem in social network analytics as well as
big data analytics is how to maintain the currency of knowledge discovered from rapidly evolving data
sources, namely the problem of knowledge refreshing. We model the knowledge refreshing problem as a
Markov decision process and show that the optimal knowledge refreshing policy is monotonically
increasing in the system state. We further show that the problem of searching for the optimal knowledge
refreshing policy can be reduced to the problem of finding the optimal thresholds and propose a method
for computing the optimal knowledge refreshing policy. The effectiveness and the robustness of the
proposed method are examined through extensive empirical studies addressing a real-world knowledgerefreshing problem.
In this project, we design models, theories, and methods to solve fundamental problems in social
network analytics. Our design of IT artifacts is rigorous because (1) our design is grounded in theories
(e.g., social network theories); (2) we develop theories that govern our design of IT artifacts (e.g., the
theorem on the monotonicity of the optimal knowledge refreshing policy); and (3) we rigorously evaluate
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our designed IT artifacts using real-world data in real-world settings. According to the knowledge
contribution framework of design science research1, our project makes contributions in both problem
formulation and solution development. In each study of our project, we formulate a new research
problem. For example, we first propose to predict adoption probabilities in the presence of hidden factors.
As another example, we introduce the problem of knowledge refreshing. In each study, we also develop
novel, effective, and rigorous IT artifacts to solve the formulated problem.
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