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Abstract

This paper studies the temporal communication patterns of online communities of developers
and users of the open source Eclipse Java development environment. It measures the productivity
of each community and seeks to identify correlations that exist between group communication
characteristics and productivity attributes. The study uses the TeCFlow (Temporal
Communication Flow) visualizer to create movie maps of the knowledge flow by analyzing the
publicly accessible Eclipse developer mailing lists as an approximation of the social networks of
developers and users. Thirty-three different Eclipse communities discussing development and
use of components of Eclipse such as the Java Development Tools, the different platform
components, the C/C++ Development Tools and the Aspect] extension have been analyzed over
a period of six months. The temporal evolution of social network variables such as betweenness
centrality, density, contribution index, and degree have been computed and plotted. Productivity
of each development group is measured in terms of two indices, namely performance and
creativity. Performance of a group is defined as the ratio of new bugs submitted compared with
bugs fixed within the same period of time. Creativity is calculated as a function of new features
proposed and implemented. Preliminary results indicate that there is a correlation between
attributes of social networks such as density and betweenness centrality and group productivity
measures in an open source development community. We also find a positive correlation
between changes over time in betweenness centrality and creativity, and a negative correlation
between changes in betweenness centrality and performance.

Contact: Tel: 1-617-253-7018
Peter A. Gloor Fax: 1-617-253-4424
Center for Coordination Science Email: pgloor@mit.edu

MIT Sloan School of Management
Cambridge, MA02142

Key Words: Temporal social network analysis, open source, TeCFlow, creativity,
performance, virtual community.

Acknowledgements: We thank Yan Zhao as the main developer of the TeCFlow and online
process tools, and Thomas Malone, MIT Center for Coordination Science, and Paul
Johannesson, Systems and Computer Science Department Royal Institute of Technology,
Stockholm, for their support.






7 -10/9/05

Tech_aspectj_tools_dev E_PDE_UI component developer discussions

0.90 0.90

0.80 0.80

0.70 0.70

0.60 0.60

0.50 0.50

0.40 0.40

0.30 0.30

0.20 0.20

0.10 0.10 l

0.00 0.00

W Betweenness Centra... [ Degree Centrality = ¥ Betweenness Centra... | Degree Centrality O

0 ©

Q 30 60 90 120 0 98 196 294 392
Performance: 0.8200  Creativity: 0.21138 Performance: 0.96509 Creativity: 0.08786

(scale O to 1, 1 is best)

Figure 2: Correlation between temporal evolution of Betweenness Centrality and Performance and Creativity

Figure 2 illustrates our findings graphically. The left group with a less steady dynamic evolution over time of group
betweenness centrality (top left of figure 2), and a changing social temporal surface has higher creativity and smaller
performance than the group at right, the E-PDE_UI component developer discussion.

Conclusion
The eclipse open source development groups with more centralized communication structure are found to be less
creative than decentralized ones. In this context, creativity is the defined as the number of new feature enhancements
carried out by eclipse developers. We speculate that as communication between development teams gets more
centralized, it prevents innovative ideas from coming up to the floor. On the other hand, we found that centrality of a
software development group is not a major factor affecting performance.

While conclusive evidence is not yet found that lower group betwenness centrality is correlated with higher
creativity, the study has shown that higher density is an indicator of higher performance. Eclipse development
groups with high communication density seem to be better performers than those with low density. As development
members get more connected, they become more efficient in dealing with bug resolution, fixing a higher percentage
of reported bugs.

Whereas oscillations over time in group betweenness centrality and density are indicative of high group creativity,
more steady temporal evolution of group betweenness centrality and density is a potential indicator for high
performance.

Our continuing goal is to come up with recommendations for communication in virtual teams based on insights
obtained through temporal social network analysis of open source developer teams. This research presents
preliminary results on the relationship between communication structure and productivity of open source developer
teams. Future work should focus on studying larger numbers of open source software development communities to
come up with more insights that will help generalize the kind of correlation between group communication
characteristics and productivity variables in open source development communities as a whole. It would also be
useful to consider additional social network characteristic in the study. One should also consider how social network
characteristics are related to the “process dimension” of software development groups’ productivity measures in
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order to see how cost of the development (in human resources, hardware resources, and calendar time), is affected
by communication, collaboration and coordination variability.
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