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What happens when 
documentation is elusive!



“I,	Pencil”,	An	essay	by	Leonard	Read,	1958

“Simple? 
Yet, not a single person on the face of this earth knows how to make me”

“At some point, human intelligence became 
collective and cumulative in a way that happened 
to no other animal”
― Matt Ridley, The Rational Optimist



The role of knowledge in software development

• Insights are more important assets than program text
• Designers need to share theories of the problem and 

solution domain, not the design of the code
• Much of these insights are “tacit” knowledge
• No one person or team can understand everything about a 

technology

"Programming as theory building”, Peter Naur, 1985.



Itinerary...

• How development knowledge flows and how it is created

• Challenges faced in knowledge flow 
(externalization, communication, onboarding)

• Goals for improving knowledge flow 
(documentation, creativity, learning)

• Enablers 
(automation, culture, rewards, knowledge routes, specialization)

• An idea!



Knowledge 
creation 
model:

Nonaka, Ikujiro; Takeuchi, Hirotaka (1995), The knowledge creating 
company: how Japanese companies create the dynamics of innovation, 
New York: Oxford University Press, p. 284, ISBN 978-0-19-509269-1

“We can know more 
than we can tell” 

Polanyi, 1966



Communities of practice [Wenger] 

Three modes of social learning:
• Engagement (talking to others, producing artifacts)
• Imagination/reflection (of what is, what could be)
• Alignment (of local activities with other processes)

How effectively organizations engage in social learning depends on 
how develop social capital and their repertoire of tools and resources

Wenger, Etienne. Communities of practice: Learning, meaning, and identity. 
Cambridge university press, 1998.



M. Storey et al., The (R)evolution of Social Media in Software Engineering, ICSE Future of Software Engineering Track 2014. 
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http://remotepairprogramming.com
/post/45672439302/articulating-
desk-mounted-arm-for-tablets







Studying the R community – why email and Stack 
Overflow are both needed for knowledge sharing

"The best way to get the right 
answer on the Internet is not to 
ask a question, it's to post the 
wrong answer”, 
Ward Cunningham

How the R community creates and curates knowledge: an extended study of stack overflow and mailing lists
A Zagalsky, DM German, MA Storey, CG Teshima, G Poo-Caamaño, Empirical Software Engineering 2017, 1-34



https://speakerdeck.com/alexeyza/msr16-how-the-r-community-creates-and-curates-knowledge





Documenting and 
sharing software 
knowledge using 
screencasts, 
L MacLeod, A 
Bergen, MA Storey
Empirical Software 
Engineering 2017, 
22 (3), 1478-1507





Understanding knowledge flow at a large software company... 
(a work in progress)



Focus group… to understand knowledge flow

Communication
channels used: 

Knowledge fragmentation!
Fewer (integrated) channels? 

Work	in	progress...



“Documentation: castor oil 
of programming” 
Weinberg 1975

“Incomplete or confusing documentation is the top pain point of 
programmers”,  GitHub Open Source Developer Survey 2017



Knowledge flow improvement goals:

Ø Improve efficiency of externalizing knowledge 

Ø Ensure externalized knowledge is accurate, up to date and concise

Ø Ensure externalized knowledge is easier to find 

Ø Design effective communication channels to support collaboration, 
tacit knowledge sharing, knowledge creation and innovation

Ø Support social learning



Enablers for improving 
knowledge flow: 



Documentation is just another software 
engineering challenge, we should automate it
Amplify cognition during knowledge creation, curation and acquisition

On Demand Developer Documentation 
(Robillard et al., ICSME 2017)



Learn from failures: 
• Stack Overflow’s documentation effort 

Watch for risks:
• Beware the “idiot savant” (The Master Algorithm,  Domingos) 
• “Too big to know” but be aware of algorithm and data bias

https://meta.stackoverflow.com/questions/303865/warlords-of-documentation-a-proposed-expansion-of-stack-overflow





Value communication, not just documentation
“Communication valued 
over documentation”, 
Roehm et al., ICSE 2012





“Big	to	know,	but	bigger	to	know	who	to	ask”,		Piet	Hein



Need for media literacy skills (http://rheingold.com/): 
• Infotention
• “Crap” detection
• Participation
• Collaboration
• Network cultivation

“Information is cumulative and additive, 
whereas truth is exclusive and selective”,   
Byung-Chul Han



Documentation that is used should be counted and rewarded
Unnecessary documentation efforts should be discouraged

Extrinsic “rewards” already exist in some tools 
(e.g., Stack Overflow) but may bring unwanted side effects

Tacit knowledge and intellectual work (helping others) may bring 
intrinsic rewards given the right culture...

Reward knowledge sharing



http://inch-pages.github.io/



Culture matters...



Map and understand how knowledge flows

• Know how knowledge is created
• Understand how knowledge flows
• Identify blockages
• Understand who the influencers are



Gendreau, Olivier, and Pierre N. Robillard. "Knowledge acquisition activity in software development."
Advances in Information Systems and Technologies. Springer, Berlin, Heidelberg, 2013. 1-10.



"Could removal of project-
level knowledge flow 
obstacles contribute to 
software process 
improvement? A study of 
software engineer 
perceptions." S. Mitchell and 
C.Seaman, Information and 
Software Technology 72 
(2016): 151-170.



https://medium.com/
@henrysward/
the-shadow-org-chart-cfcdd644575f

From	the	organization	chart	to	the	shadow	chart...



Nurture developer	knowledge	trade	routes
• When designing communication covenants, consider channel affordances
• Innovate new knowledge routes and connect existing routes



Example of a 
communication 
channel covenant...



Communication channel affordances



https://www.topicbox.com/



http://bots.apievangelist.com/organizations/slackbots/



Hub and Spoke Model, by Calefato and Lanubile
http://collab.di.uniba.it/fabio/wp-content/uploads/sites/5/2014/05/icgse16-camera-ready.pdf



Aim for high collective intelligence
• Specialization drives high collective intelligence
• Contributions drive high collective intelligence



High collective intelligence enhances creativity 



Our itinerary... we are almost there
• How knowledge flows and how knowledge is created in 

software development and why it matters
• Challenges faced in knowledge creation 

(externalization, communication)
• Goals for improving knowledge flow 

(documentation, creativity)
• Enablers 

(automation, culture, rewards, knowledge routes, specialization)
• An idea!



The idea:  Use automation to amplify 
social communication and team cognition

Automation can link externalized knowledge 
but humans create “new” knowledge



What is a bot?

A bot is an application that 
performs automated, repetitive, 
pre-defined tasks 

From setting an alarm, to telling 
you today’s weather forecast, to 
gathering information

Conduit between users and 
services through a 
conversational UI 







Other data driven bots for amplifying team knowledge and 
collaboration: Obie, Guru, Niles....



Can we do even better?
Given more insights on how developers 
collaborate and communicate... 

Given more insights on impact of 
knowledge routes, blockages, influencers...

Given more insights from startups and 
successful open/closed source projects...



• Can bots steer developers towards the right channels  (e.g., Tbot)
• Can a bot connect the right people (e.g., WhoBot)
• Could we use a bot to detect when colleagues go astray?
• Can bots help at the community level (not just for teams)?
• Can bots help us balance documentation and communication?

Delivery of “on demand documentation” into the middle of a conversation with 
feedback loops to improve and evaluate the documentation and communication

If we do all of this, would documentation becomes less elusive?

Expert	human(s)	+	(simple)	computer	+	good	process	
will	beat	many	expert	machines	(today)



No one developer or team can understand everything
How knowledge flows impacts developer productivity and innovation 
Knowledge externalization and communication are intertwined
Nurture knowledge flow, understand how it is rewarded or blocked
Automate to amplify cognition and social communication, keep the 

human in the loop and understand impact of automation
Borrow theories from other domains (e.g., reciprocity motivation theory), 

and apply our data analysis tools to this data!

Together tool builders and empirical researchers can make significant 
impact on this topic

Some souvenirs... @margaretstorey
mstorey@uvic.ca



Thank you!
Talk title generator and collaborator – Per Runeson, Lund
Developer knowledge expert – Alexey Zagalsky
“Crazy bot lady” – Carly Lebeuf
Gamification and visualization expert – Matthieu Foucault
Crap detector – Cassie Petrachenko

My husband (Brian) and the motorbike mechanic in Powell River for 
fixing the leak in our boat!  



Related work

• M. Storey, L. Singer, F. Figueira Filho, A. Zagalsky, and D. German, 
How Social and Communication Channels Shape and Challenge a Participatory 
Culture in Software Development, Transactions on Software Engineering 2017.



Greetings,
The 2017 IEEE Computer Society (CS) Annual Election is open until Sep 25, 2017. I 
was nominated for IEEE CS 2018 President-Elect and 2019 President. I kindly ask for 
your vote in this election.
If you are an IEEE CS member, you should have received a couple of messages from 
IEEE CS inviting you to vote. Note that there is also an IEEE election in progress. To 
be eligible to vote, one must be an IEEE CS member as of June 30, 2016. Please 
encourage your colleagues and graduate students to vote.
IEEE CS voting: goo.gl/TQDu21
My election website: goo.gl/fqMPYE
My town hall slides: goo.gl/UEWUSj
Over 80 recommendations: goo.gl/w71JPM
Please vote now.
If you already voted, thank you very much.
Thank you very much for your support.
Best wishes,
Hausi Müller


