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Motivation

 Market share of Server software
Fig. Market Share for Internet Server Software Across All Domains 

Source)netcraft.com



Open Source Software Project as a user-centered innovation System

•Manufacturer
•Develop
•Marketing
•User Support
•Maintain

•User(consumer) 
•Buy
•Use
•Post purchase behavior

•WOM,Complain
•Repeat purchase

Manufacturer centered Innovation system

User centered Innovation system

•Development
•Marketing
•User Support
•Maintain

•Download
•Use
•Post use behavior

•Feedback
•Participate

User
developer                         　　　user



Research on Open source software[-2004]

 Case study on Development process/team
 Apache [Mockus et.al.(2000)]
 Gnome [Koch and Schneider(2000)]
 Linux kernel [Tuomi(2000)]
 Freenet [von Krough et.al.(2003)]

 Survey on Motivation of individuals
 Linux Developer[Hertel and Herrmann(2003)]
 Apache help-line[Lakhani  and von Hippel (2003)]

 Limitation
 Focusing single significantly succeeded Open source software project

 No comparison.
 No quantitative data.
 “Why the project succeeded?” is unexplained.



Hamaoka(2004)
RQ1 What is success of Open Source Software Projects?

Proposed “Success metrics” of Open Source Software Projects

•Software
–Functionality
–Quality
–Usability
–Re-usability

•Development process
–Speed
–# of release
–Activity of development 

•Market
–The number of download
–Recognition of software /project

•Community
–Structure

–Size/growth
–Communication

–user-user
•Mutual Support

–user-developer
•Feedback from users

–Bug report
–Support/help
–Mutual respect 

•Individual
–Satisfaction to software/project
–Learning



 RQ2  Are Open Source Software Projects  really successful?

 Data
 Sourceforge.net

 Unit of Analysis
 Project

 Sampling
 2,200 projects were randomly selected

 10% of 23,000 projects as of May,2001
 Top 100 projects in terms of page view, download, activity were

added to cover really successful projects.
 Duplicated projects were removed.
 2,101 projects



Distribution of success metrics

# of developers           # of commtments             # of released file

# of download                # of bug report               # of active users



RQ3 What makes Open Source Software Project more
successful?

Solid line: Significant at least 5% level
Dashed line: Not significant at 5% levelHamaoka(2004)   N=500 projects



Research Question of Present study

 Does communication structure among
developers, users, and user-developers
affect development performance?



Previous Researches on
Network structure and Group Performance



Hypotheses

 Developer
 Team size

 Hd1 Developer team size is positively related to development
performance.

 Distributed work
 Hd2  Distributed work of development is positively related to

development performance.

 Hierarchy[Ahuja et al.(1999), Cummings and Cross(2003)]
 Hd3 Hierarchy in developer team is negatively related to

development  performance.

 Structural hole[Sparrowe et al.(2001), Cummings & Cross(2003) ]
 Hd4   Structural hole within team hinders development

performance.



 User as co-developer
 “Users are wonderful things to have,…. properly cultivated,

they can  become co-developers.”

 User feedback
 “Given enough eyeballs, all bugs are shallow”

 Raymond(1998) The Cathedral and the Bazaar



Hypotheses

 User
 Feedback

 Hu1 Feedback form users is positively related to development
performance.

 Diversity of feedback
 Hu2  Diversity of communication among users is positively

related to development performance.

 Hierarchy
 Hu3 Hierarchy in user community is negatively related to

development performance.

 Structural hole
 Hu4   Structural hole within user community hinders

development performance.



Hypotheses

 User/Developer

 Multiplexity[Provan and Sebastian(1998)]
 Hud1 Multiplexity of developers is positively related to

development performance.



Hypotheses



Data

 Archives form Sourceforge.net
 Unit of Analysis

 Project
 Pooled data

 Sampling
 2 stage sampling

 2,200 projects were randomly selected
 10% of 22,000 projects as of May,2001
 Top 100 projects in terms of page view, download, activity

were added to cover really successful projects.
 2,101 projects

 Further Screening
 Released software?
 Posted at least 100 messages?
 CVS data is available?
 85  projects



Data

 Development performance
 # of commitments to CVS (Concurrent Versioning

System)/day

 Communication
 Among developers

 Messages posted to developers forum
 User feedback

 Messages posted to Bug Report and Feature Request forum

 0/1 matrices were composed to calculate SNA indexes.



Variables

 Performance
 Log(1+# of commitment

/day)

 Developer
 Team Size

 Log(1+# of committers to
CVS/days)

 Distributed work
 Freeman degree based

Entropy at Development
forum

 Hiearchey
 Structural hole

 Density of development
forum message matrix

 User
 Feedback

 Log(1+# of bug reports &
feature request)

 Variety of feedback
 Freeman degree based

Entropy at bug/feature
request report forum

 User/Developer
 Multiplexity

 % of developers who
posted messages to Bug
& feature Request forum



Look at Some Network

Pcmcia-cs
a) Open Discussion      b)Feature request/bug report       c)Support        d)Development



Cplus-plus
a) Open Discussion      b)Feature request/bug report       c)Support        d)Development



   dri
   a) Open Discussion      b)Feature request/bug report       c)Support        d)Development



Analysis

 Netrworks are heterogeneous

 OLS,NLS,…., any method that assume homogeneous population
will be misleading.

 Latent class regression model
 A kind of finite mixture model[McLachlan and Peel 2000]

 flexmix library on R

 Typical application in marketing
 Consumers are different in terms of price sensitivity. But we

don’t know who is price sensitive.
 We don’t have enough data to estimate parameters at

individual level.



Example of Mixture of heterogeneous population

Team size

Performance

Performance=beta2*Team size

Performance= beta1*Team size



Result

 How many segments?

# of segment AIC BIC Segment size
1 312.3 408.2 85
2 218.0 387.3 25 60
3 68.9 366.8 25 34 26
4 not converged not converged

# of segment and model fit



Estimated Parameters





Descriptive statistics of each segments



Summary and Conclusion

 Research Question
 Does communication structure among developers, users, and

user-developers affect development performance?

 Yes!
 Pattern of effect depends on type of OSSP projects.

 We identified two types of projects.

 Methodology
 Latent class regression



Limitation & Future Research

 Pooled data/cross sectional
analysis
 Correlation?

 Development Performance

 Group level analysis

 Panel data analysis
 To test causality

 Innovativeness of software
 # of good idea(feedback)

form users

 Individual level analysis
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