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Collaboration in Software engineering
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Collaboration in Software engineering

Participatory 
culture
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Participatory 
culture

Communities of 
Practice

Knowledge Building 
Community 

Software development practices, tools and 
resources.
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Traditional
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Traditional Now



How to understand collaboration in Software 
Engineering (SE)?

• Models and frameworks of collaboration.
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• Models were developed before the development community 
embraced socially enabled channels and tools!

Not consideration for …
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What is collaboration?

• An activity where different people get 
together to produce something better than 
any participant could either conceive or 
produce alone Johnson1989

How can we describe how collaboration happen?How can we describe how collaboration happen?



Models of Collaboration

Technology-centric approaches

• 3C Model – 3 principles for collaboration 
by Ellis et al. Later improved by Gerosa et 
al.
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• Time-space matrix, original by Johansen. 
Improved by Grudin and Dix et al. 

• Classification of tools: based on their 
support (e.g., design) by Cook and 
similarly Martignoni , and based on their 
approach (e.g., model-based, process 
support) by Whitehead. 

Collaboration-centric approaches

• Awareness: Gutwin et al. and DeSouza
and Redmiles.

• Types of work by Robillard and Robillard.

• Factors that affect collaboration by Patel 
et al. 

• Dimensions of collaboration by Lee and 
Paine

• Needs of developers by Sarma et al.

• Coordination in soft. dev., Continuous 
coordination (CC) by Van Der Hoek. 



Models of Collaboration

Global software development
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Collaboration-centric approaches

• Coordination aspects by Wiredu

• CC theory adaptation by Redmiles et al.

• Factors that affect communication by 
Dafoulas et al. 

• Recommendation by Olson and Olson

• Principles of collaboration by Augustin et 
al.

• CC theory adaptation by Crowston et al.

Open-software

• List of informalisms key to OSS by 
Scachhi

• Agile manifesto & its methods.. Scrum, 
eXtreme programming, Crystal….

• Personal Software Process & Team 
Software Process.
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Community of SE

Developers and 
participants of the 
SE community

So, let’s consider collaboration from the 
learning science domain

Knowledge building 
community

Active learners
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Learning Science

Theory of regulation
• Regulation: strategic decisions in the face of challenges. 

Hadwin’s work
• 3 types of regulation: self-, co- and socially shared 

regulated learning.

• 4 regulatory processes: task understanding, goal setting, 
enacting and large-scale adaptation.

Regulation in collaborative contextAll concepts from the learner’s perspective
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Learning Science
- Concept of regulation
- Hadwin’s work on types of 

regulation and processes.

Particularities of 
collaboration in SE.

The Model of Regulation

Framework for prescribing productive collaborations in 
modern collaborative software development.
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Building the model

Adaptation of vocabulary and Case Study on Neo4j community:

• Phase I: Exploratory -Analyzed the 10 most recent ‘conversations’ 
from each communication tool. 10 issues from GitHub, 10 discussions 
from GoogleGroups, 10 posts with the tag Neo4j from StackOverflow. 
Total of 30 ‘conversations’.

• Phase II: Analyzed each communication tool until saturation. That is, 
all themes of conversations were considered in the model. We 
analyzed 242 issues from GitHub, 105 discussions from 
GoogleGroups, 216 posts with the tag Neo4j from StackOverflow. 
Total of 563 ‘conversations’. Also, we conducted 3 interviews.

Particularities of 
collaboration in SE.
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Learning Science
- Concept of regulation
- Hadwin’s work on types of 

regulation and processes.

Particularities of 
collaboration in SE.

The Model of Regulation

Framework for prescribing productive collaborations in 
modern collaborative software development.

Case study on Neo4J 
community



Model of Regulation – Types of regulation
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Self-regulation 

Shared regulation 

Co-regulation 

Individual

Group

Peer to peer



Model of Regulation – Types of regulation
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Self-regulation 

Shared regulation 

Co-regulation 

Individual

Group

Peer to peer



Model of regulation

Co-regulation:

Shared-regulation:
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Model of Regulation – Scope of regulation
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Individual scope

Group scope

Peer to peer scope



Model of Regulation – Processes  of regulation
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Task 

Understanding

Goal Setting

Enacting

Monitor & 

Evaluation
Adaptation



Model of Regulation – Processes  of regulation
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Model of regulation

Self-regulation Co-regulation Shared- regulation

Goals/ 
Standards

"I perspective" Personal 
goals/standards.

"You perspective" Individual hold 
goals/standards for each other.

"We perspective" Collective 
goals/standards.

Example

I don't understand why I’m 
getting this error, it looks like 

a bug. I’ll check on the 
documentation how this 

feature should work or I’ll ask 
someone else.

Looks like you and I have different 
ideas about the project 

requirement, why don't we discuss 
about that? 

Let's be clear about what we have 
to do… 

Does everyone agree on using 
Slack for internal 
communications?
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• Task knowledge
• Self knowledge
• Goals and plans
• Strategy knowledge and use
• Motivation and emotions



How can we use the Model of Regulation for 
our benefit?
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The Model of Regulation in Action

We created an instrument to profile collaboration in software 
engineering teams.

• Phase I: We draw questions based on the model and iterated over 
the questionnaire until the it was ‘applicable’.

• Phase II: We conducted interview pilots to refine the instrument. 
Then we test the instrument with 2 interviews.
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The instrument – part 1
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The instrument - part 2
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Preliminary results –Interview one

• P1 has been doing a CO-OP for the last seven months, where 
she has been working as a developer and an UX designer.

• All development related tasks are collaborative, also, the 
work setting is completely virtual.
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Preliminary results – Collaborative profile one

Task Understanding: 

• Extra challenges associated with being in a virtual 
environment.. ``there is no way to you can just pop over the 
cubicule and say like: 'hey, what are you working on?' That 
sketch isn't right, you need to be doing this, this and this 
other thing''. 

• Further..``we are even more at risk of going into our own 
little boxes and working on something and then coming back 
and showing it to someone else and not being what other 
people expected at all.''
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Preliminary results – Collaborative profile one

Task Understanding: 

• Kick-off meetings to discuss and reach agreement about 
every new task. …``to be able to contribute and help with the 
team work, understanding the task ahead of time is 
crucial.''. However, this is not an explicit requirement .

• Shortly after starting working on the task, P1's team goes to 
a videocall to ensure initial team's understanding still holds. 
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Preliminary results – Collaborative profile one

Task Understanding – tool support: 

• Individual level: Mainly personal notes in the form of 
representative charts or notes. 

• Peer to peer and group level: being in a virtual team require 
members to heavily rely on tools for communication. 
• Slack for direct or group discussions, which is a form of documentation for 

tasks and project agreements. 

• If the matter of discussion gets complicated to hold via text, the group would 
jump into a videocall by HangOuts, in which case technical documentation is 
updated or created after the call and agreements are reported in a follow-up 
email.
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Preliminary results – Collaborative profile one

Goal Setting: 

• Daily stand-up meetings. In preparation for the stand-up, P1 
creates her daily report, however, P1 ensures that is already 
a personal habit to make notes, to-do lists and create 
reminders for pending tasks. 
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Preliminary results – Collaborative profile one

Goal Setting – tool support: 

• Individual level: P1 uses hand-writing notes on her notebook, 
Wonderlist and features of Slack bot.

• Peer to peer level: Slack allows P1 to check on everybody 
else's planning and automatically have a record of the 
conversation. These checking specially happen when there 
are work dependencies.
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Preliminary results – Collaborative profile one

Goal Setting – tool support:

• Group level: conversations are conducted on Slack or 
Hangouts and for documentation, the same rules as for Task 
understanding apply. 
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Model of Regulation – Process  of regulation
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Preliminary results – Collaborative profile one

Enacting & tool support:

• The goal is to do everything reported in the stand-up 
meeting, however, it is not unusual to find unexpected 
problems. 

• Specific Slack channel ‘help-request'...``to report issues if we 
are stuck and we're having troubles with the task we said we 
were going to complete that day''.
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Preliminary results – Collaborative profile one

Enacting & tool support -Motivation and engagement

• big concern when you are in a virtual team… however 
...``feeling everybody wants to help you is what make it 
good...[]... Knowing that you're not given a task and sent 
alone to a room helps a lot to motivation''.

• The team must hold long virtual meetings (sometimes over 
three hours), in which case being engaged is the big issue. 
``We are all in a video call and it's hard to see who really is''. 
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Preliminary results – Collaborative profile one

Enacting & tool support -Motivation and engagement

• If it's detected someone has been quite for a while, 
somebody would prompt a question for the person as a way 
to help him/her stay connected with the conversation. 
**They never agreed on that practice. 
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Preliminary results – Collaborative profile one

Monitor and Evaluation:

• Blurry scope of the project... ``It's weird because no one 
knows anything, not even how the project is going to look 
like in even a month.''

• The team focuses on tracking and assessment of very low 
level tasks by ``breaking down really small.''
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Preliminary results – Collaborative profile one

Monitor and Evaluation –tool support:

•Monitoring critical Slack channels

• The size of the project is an issue.. ``there are many things 
going on and the project is big''. So, P1 and the other 
product designers of the team strategically offload some 
things between each other. 

``When talking to the three of us you can probably get a good 
idea of what the entire picture of the project is.''
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Preliminary results – Collaborative profile one

Adaptation:

• Once the whole team has reached an agreement, a new 
plan is created.

• Because the requirements are constantly changing (even in 
matter of hours) so does the team's task understanding. 

• Issues with traceability blocks by some project managers.
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Conclusions

• There is no other model that presents collaboration from this 
perspective: strategic decisions –Regulation-

• The Model of Regulation provides the vocabulary to talk about 
collaboration: 

“[the model] provides a common language… often we find that a 
common language is what’s needed to have a constructive 
conversation. Once you build a language you can start talking about 
how to move from one step to the other and how improving what 
we’re doing in one step… We have a way to verbalize it formally”[P2].
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Conclusions

• “[about the scopes of regulation] it removes the ability to kinda
escape ownership of the work: ‘I don’t really know my work plan, but 
my group’s got it figured it out’ ” [P2]

• P1 commented a couple days after the interview she had started to 
think about the issues she was having with her teammates in terms of 
the model.
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Conclusions

• The model can help to improve the development of collaborative 
tools.

• Also, the model can provide a foundation to develop theories about 
ideal combinations of tools for collaborative tasks.
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Conclusions

• All collaboration experiences are different. The instrument can help to 
get a profile of the collaborative culture and the tool support used 
on each setting.

• The instrument allows to get important information to facilitate 
traceability of collaborative practices.
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Questions?

45



References

• [1] Layzell, Paul, O. Pearl Brereton, and Andrew French. "Supporting collaboration in distributed software engineering teams." Software Engineering 
Conference, 2000. APSEC 2000. Proceedings. Seventh Asia-Pacific. IEEE, 2000.

• [2] Storey, Margaret-Anne, et al. "The (R) Evolution of social media in software engineering." Proceedings of the on Future of Software Engineering. 
ACM, 2014.

• [3] J. Lave and E. Wenger. Situated learning: Legitimate peripheral participation. Cambridge University Press, 1991.

• [4] Edutech Wiki. Knowledge-building community model. 2014. http://edutechwiki.unige.ch/en/Knowledge-building_community_model

• [5] Strijbos, J.-W., Kirschner, P. A., & Martens, R. L. (2004). What we know about CSCL: And implementing it in higher education. Computer-Supported 
Collaborative Learning Series: Vol. 3. Dordrecht, NL: Kluwer Academic Publishers. doi:10.1007/1-4020-7921-4_10 

• [6] J.D. Herbsleb and D. Moitra, eds., “Global Software Development”, IEEE Software, vol. 18, no. 2, Mar./Apr. 2001. 

• [7] Portillo-Rodriguez, J.; Vizcaino, A.; Piattini, M. & Beecham, S. Tools used in Global Software Engineering: A systematic mapping review Information
and Software Technology, Elsevier, 2012, 54, 663-685

• [8] Tell, P. & Ali Babar, M. A Systematic Mapping Study of Tools for Distributed Software Development Teams IT-Universitetet i København, 2012.

• [9] J. Whitehead. Collaboration in software engineering: A roadmap. In 2007 Future of Software Engineering (FOSE ’07), pages 214–225, Washington, 
DC, USA, 2007. IEEE Computer Society 

• [10] Ellis, C. A.; Gibbs, S. J. & Rein, G. Groupware: some issues and experiences Communications of the ACM, ACM, 1991, 34, 39-58

• [11] Kock, N. F. & Global, I. Encyclopedia of E-collaboration Information Science Reference, 2008 

• [12] Järvelä, S. & Hadwin, A. F. New Frontiers: Regulating Learning in CSCL. Educational Psychologist, 2013, 48, 25-39 

46



References

• [13] H. Fuks, A. Raposo, M. Gerosa, M. Pimentel, and C. Lucena. The 3c collaboration model. The Encyclopedia of E-Collaboration, Ned Kock
(org), pages 637–644, 2007.

• [14] Whitehead, J. Collaboration in Software Engineering: A Roadmap 2007 Future of Software Engineering, IEEE Computer Society, 2007, 
214-225

• [15 Fuks, H., Raposo, A.B., Gerosa, M.A. & Lucena, C.J.P. (2005), “Applying the 3C Model to Groupware Development”, International Journal 
of cooperative Information Systems (IJCIS), v.14, n.2-3, Jun-Sep 2005, World Scientific, ISSN 0218-8430, p.299-328. ]

• [16] Dillenbourg, Järvelä, S., & Fischer, F. (2009). The evolution of research on computer-supported collaborative learning. In N. Balacheff, S. 
Ludvigsen, T. Jong, A. Lazonder, & S. Barnes (Eds.) Technology-Enhanced Learning (pp. 3–19). doi:10.1007/978-1-4020-9827-7

• [17] Soller, A., Mart´ınez-Mon´es, A., Jermann, P., & Muehlenbrock, M. (2005). From mirroring to guiding: A review of state of the art 
technology for supporting collaborative learning. International Journal of Artificial Intelligence in Education, 15, 261–290.

• [18] Dourish, P., and Bellotti, V., Awareness and Coordination in Shared Workspaces, Proc. ACM CSCW 1992, 107-114

• [19] Leinonen, P., Järvelä, S. & Häkkinen, P. (2005) Conceptualizing the awareness of collaboration: A qualitative study of a global virtual 
team. Computer Supported Cooperative Work (CSCW), 14(4), 301-322.

• [20] Gutwin Carl, Reagan Penner, and Kevin Schneider. "Group awareness in distributed software development." Proceedings of the 2004 
ACM conference on Computer supported cooperative work. ACM, 2004.

47



References

• [21] I. Steinmacher, A. P. Chaves, and M. A. Gerosa, “Awareness support in global software development: a systematic review based on the 
3c collaboration model,” in Collaboration and Technology. Springer, 2010, pp. 185–201.

• [22] A. F. Hadwin, S. Jaarvela, and M. Miller, “Self-regulated, co-regulated, and socially shared regulation of learning,” Handbook of self-
regulation of learning and performance, pp. 65–84, 2011. 

• [23] P. Layzell, O. P. Brereton, and A. French, “Supporting collaboration in distributed software engineering teams,” in Software Engineering 
Conf., APSEC 2000. Proc. 7th Asia-Pacific. IEEE, 2000, pp. 38–45.

• [24] M. McLure Wasko and S. Faraj, “it is what one does: Why people participate and help others in electronic communities of practice,” The 
J. of Strategic Information Systems, vol. 9, no. 2, pp. 155–173, 2000.

• [25] M. A. Gerosa, “Analysis and design of awareness elements in collaborative digital environments: A case study in the aulanet learning 
environment,” Journal of Interactive Learning Research, vol. 14, no. 3, pp. 315–332, 2003.

• [26] D. W. Johnson and R. T. Johnson, Cooperation and competition: Theory and research. Interaction Book Company, 1989.

• [27] A. Hadwin, M. Miller, and E. Webster, “Promoting and researching adaptive regulation in cscl: Scripting, visualization, and awareness 
tools,” Conf. of the European Association for Research on Learning and Instruction, September 2013.

• [28] B. J. Zimmerman, “Academic studing and the development of personal skill: A self-regulatory perspective,” Educational psychologist, 
vol. 33, no. 2-3, pp. 73–86, 1998.

• [29] A. van der Hoek, D. Redmiles, P. Dourish, A. Sarma, R. Silva Filho, and C. De Souza, “Continuous coordination: A new paradigm for

• collaborative software engineering tools,” in Workshop on Directions in Software Engineering Environments. IET, 2004, pp. 29–36

48


