Using group centrality to reveal the role of disciplines
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Introduction and Background
        Science mapping is a growing domain, facilitated by the amount of large-scale data currently available. Of increasing importance in science mapping is the use of social network analysis (SNA) methods, with document, author, or journal as nodes (actors). Many network approaches attempt to show interactions between disciplines, by manually superimposing discipline or domains on top of document (e.g., Small, 1999; Small, 2010), author (e.g. Wallace, Gingras, & Duhon), or journal (e.g., Sugimoto, Pratt, & Hauser, 2008). In this case, it is possible to evaluate each document, author, or journal in a citation network, but it is difficult to show the importance of a discipline comprised of certain documents, authors, or journals. In this paper, the group centrality measure is introduced and employed in order to reflect the role of a discipline in a journal co-citation network. In SNA, one basic, but essential measure is centrality, including degree, betweenness, closeness, etc. While previous studies provide an adequate examination of the roles of actors within the system, the actors have rarely been examined on the group or category level. With the rise of large-scale analyses of interdisciplinarity, it has become increasingly importance to find metrics that not only describe the relationships between individual scholars, but also aggregations of these scholars on the discipline and domain level.
        Co-citation data of 677 journals from 40 disciplines (20 science disciplines and 20 social science disciplines) from Web of Knowledge (WoK) are used to construct the journal co-citation network. Different from some previous approaches of co-citation network analysis, group centrality measures were used. Everett & Borgatti (2005) extended the actor/node level centrality measure to a group level. According to their definition, the degree centrality of a group is the number of actors outside the group that are connected to the member of that group. Group closeness centrality is defined as the normalized inverse sum of distances from the group to all nodes outside the group. Betweenness centrality is extended into a group by showing the proportion of geodesics connecting pairs of non-group members that pass through the group. These three group level centrality measures give us a new way of measuring the role of disciplines in a discipline knowledge communication network.

Result and Conclusion
[bookmark: _Toc282715084][bookmark: _Toc282811187]        Group centrality measures of network analysis, including degree, closeness and betweenness centrality are employed in this paper to explore the role of each discipline in knowledge communication and interaction among disciplines. An overview of our data set shows that science disciplines are more productive than social science disciplines; journals are more interconnected in recent years; and social science disciplines bear more cross-disciplinary features than science disciplines. 
          Discipline degree centrality measures the number of nodes that are directly connected to this discipline, and put emphasis on how many disciplines are similar to this discipline regardless of the extent to which this discipline is similar to others. Discipline closeness and betweenness centrality, however, takes into account the weight of edges, i.e. the similarity of each journal pair. Closeness measures how geographically close on average a discipline is to other disciplines in the discipline network, while betweenness tells us the probability that a discipline serves as a bridge between disciplines.
        The discipline knowledge communication network based on journal co-citation information is dynamic between the first and second time periods, in terms of degree, closeness and betweenness centrality. The result shows that only degree centrality in the two time periods are correlated, and both closeness and betweenness centrality of disciplines in these two networks are not correlated. Science and social science disciplines experienced changes between these two networks. Degree centrality of social science disciplines seems to be significantly correlated, but their betweenness and closeness centrality seems not correlated within these two networks. Similar analysis was done to look into the centrality change of science disciplines within these two networks. It shows that degree centrality is significantly correlated, but closeness and betweenness centrality are not, which is the similar case as social science disciplines. According to the definition of three centrality measures, a possible reason for this might be that disciplines of both science and social science might have a similar number of disciplines that they seem to be alike, but the extent to which these disciplines are similar to others might change a lot.
        Social science disciplines hold and keep a more central role in knowledge communication network compared with science disciplines, which can be approved by degree, closeness and betweenness centrality. In both networks, most top 20 disciplines in degree, closeness and betweenness centrality are social science disciplines. Most disciplines experienced increasing ranking between networks are from social science. Therefore, it seems that social science disciplines, according to group centrality measures, are more cross-disciplinary than science disciplines are. It should be noticed that Computer Science experienced abrupt increasing in rankings by all three centrality measures, indicating its increasingly important role in the entire academic network, which is an exception of science disciplines.
        These three measurements tell different things about a discipline’s role in networks. Therefore, comprehensive analysis of a group’s role in a network might require all three in order to get a comprehensive analysis.
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