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Open Source as digital infrastructure:
Needs regular upkeep and maintenance

● Everybody uses open 
source code: 
○ Fortune 500 companies
○ major software companies
○ startups 
○ government
○ …

• If undermaintained:
‣ Risks for downstream users

‣ Slows down innovation

‣ …

https://qz.com/646467/how-one-programmer-broke-the-internet-by-deleting-a-tiny-piece-of-code/
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Creating sustainable open source communities is hard

In some ways harder today than ever before
… because of how open source has 

changed

Today: more problems than 
solutions



How has open source 
changed?
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Change #1: GitHub standardized the practices

• GitHub UI• Git version control • The Pull Request model

● Lower barrier to entry

● Easier to contribute
More production
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● Explosion of production in the past seven years

Change #2: More open source now than ever before

6 million 
users

(March 2019)
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● Profile pages for users and projects

● Rich inferences about people’s 
expertise and level of commitment

● Impacts collaboration, but also 
recruiting and hiring
○ (Dabbish et al. 2012), (Marlow et al. 2013), 

(Marlow and Dabbish 2013)

Change #3: High level of transparency

CV
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Change #4: Complex socio-technical ecosystems

Interconnections between people and projects

https://qz.com/646467/how-one-programmer-broke-the-internet-by-deleting-a-tiny-piece-of-code/

Can be brittle
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Change #5: Increasing commercialization and 
professionalization

● Currently
○ Lots of commercial involvement

■ Companies (Go - Google, React - Facebook, Swift - Apple)

■ Startups (Docker, npm, Meteor)

• Historically
‣ Mostly community-based projects 

(Python, RubyGems, Twisted)

• 23% of respondents to 2017 GitHub survey: job 
duties include contributing to open source

http://opensourcesurvey.org/2017/  

http://opensourcesurvey.org/2017/
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● Equifax (market cap $14 billion) built products 

on top of open-source infrastructure, 
including Apache Struts 

● Equifax did not make any contributions to 
open source projects

● A flaw in Apache Struts contributed to the 
breach (CVE-2017-5638)

● Equifax publicly blamed (with national news 
coverage) Apache Struts for the breach

Change #6: High expectations toward the quality, 
reliability, and security of open source infrastructure

https://www.zdnet.com/article/equifax-confirms-apache-struts-flaw-it-failed-to-patch-was-to-blame-for-data-breach
/
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Change #7: High level of demands & stress 

● Easy to report issues / submit PRs
○ Growing volume of requests

● Social pressure to respond quickly
○ Otherwise, off-putting to newcomers      (Steinmacher 

et al. 2015)

● Entitlement, unreasonable requests from 
users:
○ “I have been waiting 2 years for Angular to track the 

‘progress’ event and it still can’t get it right?!?!”
○ “Thank you for your ever useless explanations.”
○ …
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Change #8: Low demographic diversity

• Gender representation 
reality

• Stack Overflow 2015 Developer Survey (26,086 people from 157 countries)
http://stackoverflow.com/research/developer-survey-2015#profile-gender

• Exploring the data on gender and GitHub repo ownership
Alyssa Frazee. http://alyssafrazee.com/gender-and-github-code.html

• FLOSS 2013: A survey dataset about free software contributors: challenges for curating, sharing, and combining G Robles, L Arjona-Reina, B Vasilescu, A Serebrenik, JM Gonzalez-Barahona. MSR 2014
• Google Diversity (2015) www.google.com/diversity/index.html#chart
• Inside Microsoft (2015) https://goo.gl/nT4YiI 

10.9% 18% 16.6%

• Expectation

“Code sees no color or gender”

“Any demographic identity is irrelevant”

“More about the contributions to the code 
than the ‘characteristics’ of the person”

• Perceptions of Diversity on GitHub: A User Survey. Vasilescu, B., 
Filkov, V., and Serebrenik, A. CHASE 2015

http://stackoverflow.com/research/developer-survey-2015#profile-gender
http://alyssafrazee.com/gender-and-github-code.html
http://www.google.com/diversity/index.html#chart
https://goo.gl/nT4YiI
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Aside: Why should you care about gender diversity?

Inclusivity helps 
everyone

Productivity 
boosts

• Gender and tenure diversity in GitHub teams. Vasilescu, B., Posnett, D., Ray, B., 
Brand, M.G.J. van den, Serebrenik, A., Devanbu, P., and Filkov, V. CHI 2015



“Going farther together: The impact of social capital on 
sustained participation in open source”

Qiu* et al, ICSE 2019

15* Thanks to Sophie Qiu for slides



Skewed gender ratio: more than 90% of the OSS 
population is male
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Research scope - binary gender, GitHub

Gender diversity = Women + Men
A simplifying assumption: gender is binary

Name

Male

Female

Unknown
(low confidence)



After one year ca. 70% of men are still active but only ca. 60% of women
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On GitHub, women disengage earlier than men
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Low gender diversity as a challenge to OSS 
sustainability: limits contributor pool

(Greenstein and Nagel, 2016)

https://w3techs.com/technologies
/history_overview/web_server

https://w3techs.com/technologies/history_overview/web_server
https://w3techs.com/technologies/history_overview/web_server
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Low gender diversity as a challenge to OSS 
sustainability: harms project success

[Vasilescu et al., 2015]



Low gender diversity as a challenge to OSS 
sustainability: limits opportunities

Employers (and job seekers) use open-source 
experience to make inferences (or form 
impressions) about a candidate’s technical skills.

(Marlow et al., 2013)

https://codeformore.com/how-to-write-up-open-source-experience-when-you-dont-have-any/
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Minorities face bias and discrimination.

[Terrell et al., 2017]



Social capital theory for sustained participation

Willingness to continue
(Coleman, 1990)
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Bonding social capital: 
benefiting from strongly connected network

Bridging social capital: 
benefiting from network with diverse info

Opportunity to continue
(Burt, 1998, 2001) 



H1: more social capital ~ more prolonged engagement

Willingness to continue
(Coleman, 1990)
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Bonding social capital: 
benefiting from strongly connected network

Bridging social capital: 
benefiting from network with diverse info

Opportunity to continue
(Burt, 1998, 2001) 



Cohesive network might foster discrimination and exclusion
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H2: Teams with more diverse information ~ more 
prolonged engagement, esp. for women
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Information diversity should 
reduce the risk of demographic- 
based echo chambers.



27

Large-scale mixed-methods study



Bonding social capital – Team Familiarity
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End of 
data

Project A

Project B

Project C

Project X

(de Vaan et al., 2011, Lutter 2015)

TIME
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End of 
data

Project D

Project C

Project X

(de Vaan et al., 2011, Lutter 2015)

TIME

Bonding social capital – Recurring Cohesion
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End of 
data

Project X

Java C C++

C++ C

(de Vaan et al., 2011, Lutter 2015)

TIME

Bridging social capital – Language Diversity
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End of 
data

Project X

Project X
Project X

(de Vaan et al., 2011, Lutter 2015)

TIME

Bridging social capital – Share of Newcomers
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active, major contributor, proj owner, social 
capital

active, major contributor, not owner, social 
capital

active, minor contributor, not owner, social 
capital

left, minor contributor, not owner, social capital

COX regression model
Contributor Time Active Social capital Control variables

2008 Jan – Mar True Team familiarity
Recurring cohesion
Language diversity
Share of newcomers

Project size
Project owner
……

2008 Jan – Mar True Team familiarity
Recurring cohesion
Language diversity
Share of newcomers

Project size
Project owner
……

2009 Apr – Jun False Team familiarity
Recurring cohesion
Language diversity
Share of newcomers

Project Size
Not project owner
……
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H1: more social capital ~
 
more prolonged engagement
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H2: Language diversity interacts with gender



“Ecosystem-level determinants of sustained activity in 
open-source projects: A case study of the PyPI ecosystem”

Valiev et al, FSE 2018
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Note: top factors are 
all are project-level
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But projects are often part of larger ecosystems
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Transitive downstream dependencies are …….…

• Ecosystem-Level Determinants of Sustained Activity in Open-Source Projects: A 
Case Study of the PyPI Ecosystem. Valiev, M., Vasilescu, B., and Herbsleb, J. 
ESEC/FSE 2018

70K PyPI packages10 maintainers
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Transitive downstream dependencies are harmful

• Ecosystem-Level Determinants of Sustained Activity in Open-Source Projects: A 
Case Study of the PyPI Ecosystem. Valiev, M., Vasilescu, B., and Herbsleb, J. 
ESEC/FSE 2018

Survival models
Early stage:  -12% survival
Long term:   -27% survival

Interviews: 
• less likely to fix
• just as likely to complain

70K PyPI packages10 maintainers
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Commercial involvement is ………..

• Ecosystem-Level Determinants of Sustained Activity in Open-Source Projects: A 
Case Study of the PyPI Ecosystem. Valiev, M., Vasilescu, B., and Herbsleb, J. 
ESEC/FSE 2018

70K PyPI packages10 maintainers
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Commercial involvement is harmful

• Ecosystem-Level Determinants of Sustained Activity in Open-Source Projects: A 
Case Study of the PyPI Ecosystem. Valiev, M., Vasilescu, B., and Herbsleb, J. 
ESEC/FSE 2018

70K PyPI packages10 maintainers

Survival models
Early stage:  -51% survival
Long term:   -15% survival

Interviews: 
• more resources
• but can withdraw anytime
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Take away: Network effects!



“Mining Email Social Networks”
Bird et al, MSR 2006
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Email social networks are scale free
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Out degree is an indication of status, as it indicates the number of different 
people who replied to the ego’s messages.



“Latent Social Structure in Open Source Projects”
Bird et al, FSE 2008
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Do OSS projects have some latent structure?
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Hypothesis 1 – Subcommunities of 
participants will form in the email 
social networks of large open source 
projects and the levels of modularity 
will be statistically significant.

Are there dynamic, self-organizing subgroups that spontaneously form and evolve?



“Product” – development activity, function interfaces, APIs, bug fixes, feature 
implementation, etc.

“Process” – policy decisions, high-level architectural changes, release plans, 
licensing issues, and admission of newcomers.

Hypothesis 2 – Social networks constructed from product-related discussions will 
be more modular than those relating to non-product related discussions or all 
discussions.

Two types of discussions on the development mailing lists

47



The subcommunities should be related to the software engineering 
activities in a meaningful way.
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Hypothesis 3 – Pairs of developers within the same subcommunity will have more 
files in common than pairs of developers from different subcommunities.

Hypothesis 4  – The average directory distance between files committed to by 
developers in the same subcommunity will be less than similar sized groups of 
developers drawn different subcommunities.



Mining the developer mailing list archives and source code 
repositories for a set of popular OSS projects.

49



Finding community structure
“To find and quantify the latent community structure that exists in the OSS 
networks, we have created a variant of the Newman algorithm.”
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Finding community structure
“To find and quantify the latent community structure that exists in the OSS 
networks, we have created a variant of the Newman algorithm.”
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Finding community structure
“To find and quantify the latent community structure that exists in the OSS 
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Finding community structure
“To find and quantify the latent community structure that exists in the OSS 
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Finding community structure
“To find and quantify the latent community structure that exists in the OSS 
networks, we have created a variant of the Newman algorithm.”
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Finding community structure
“Girvan and Newman’s original algorithm [...] doesn’t handle networks with 
weighted edges. Our social networks contain weighted edges, representing the 
number of emails exchanged between two participants in each time period. A high 
number of messages between a pair of participants should increase their 
likelihood of being in the same group. 

[...] we modified our social networks by introducing one edge between each pair of 
nodes per email sent between them (i.e. creating a multi-edge network) and 
modified Newman’s algorithm above to handle multi-edge networks.”
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Community structure exists
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The community structure of Perl from April to June 2007



The distribution of modularity values for 100,000 random graphs 
with the same degree distribution as the observed network.
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Grouping into subcommunities is much stronger for discussions 
directly related to the source code.
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“From developer networks to verified communities: A 
fine-grained approach” – Joblin et al, ICSE 2015



Developer activity (a) recorded in a version control system at the 
granularity of functions is abstracted as a two-mode network (b)

61(Joblin & Apel, TOSEM 2022)

https://dl.acm.org/doi/pdf/10.1145/3504003


File-based vs function-based community detection
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“Validity of Network Analyses in Open Source 
Projects” – Nia et al, MSR 2010
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OSS communication and coordination networks
“One can derive social networks from the online mailing list archives. 

The nodes are the people sending messages on the list. 

If a person A replies to a message from another person B, then there is an edge 
connecting the node representing A to that representing B.”
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Incorrect information flow due to temporal aggregation
How much temporal data aggregation can be tolerated before SNA results 
become unreliable?
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Information flow in the presence of inadequate or missing data
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“Typically, social networks are derived 
from mailing list archives, using the 
‘reply-to’ field in messages.

[...] If B read’s a message posted by A, 
but does not reply, then there is 
information flowing from A to B, but 
there is no way for us to know that.”

To what extent does missing data 
influence SNA metrics?



“We find that while transitive 
faults can be as frequent as 
50%, their frequency is highly 
dependent on the time interval 
of aggregation, and that even 
when very frequent, they do not 
change results from SNA 
analysis critically.”

It doesn’t matter?
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Summary Tons of data and research 
opportunities in OSS, join us!
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… to be continued


