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Scholars of socio-technical collaboration have overlooked the non-

random structures emerging from the accumulation of  contributions. 

These accumulated contributions trace out trajectories of  users and 

artifacts that can be understood with network analysis methods. 

Trajectories are easy to compute, have complex structures and 

dynamics, and generalize across systems and levels of analysis. 



“I believed that the important software needed to be built like cathedrals, 

…but the Linux community seemed to resemble a great babbling bazaar 

…out of which a coherent and stable system could seemingly emerge 

only by a succession of miracles.” 

- Raymond, 1999 



“In the cathedral-builder 

view of programming, bugs 

and development problems 

are tricky, insidious, deep 

phenomena. It takes months 

of scrutiny by a dedicated 

few to develop confidence 

that you've winkled them all 

out. In the bazaar view, you 

assume that bugs turn 

shallow pretty quick when 

exposed to a thousand eager 

co-developers pounding on 

every single new release.” 

- Raymond, 1999 



“There were nine different contractors who took between 25 and 30 

years to build the cathedral in 30 distinct campaigns. There was no 

overall designer, just a succession of builders. Chartres was the ad hoc 

accumulation of  the work of  many men.”  – Turnbull, 1993 



“[Cathedrals] were large-

scale laboratories…where 

the collective work of  skilled 

specialists was aggregated. 

…In the absence of designs 

or plans, builders developed 

ways in which their local 

knowledge and messy 

practices could be combined 

and transmitted in skills, 

methods, and artifacts.”  

– Turnbull, 1993 



Peer production processes 

have succeeded through the 

adoption of architectures to 

pool diverse efforts through 

modular projects and fine-

grained contributions. These 

make it possible for 

individuals to contribute 

effort commensurate with 

their ability, availability, and 

motivation.  

– Benkler, 2006 



“A Wikipedia article is a process, not a product, and as a result it is never 

finished. Every edit is itself  provisional. Every change is best thought of as a 

proposed edit… The process is more like creating a coral reef, the sum of  

millions of  individual actions…” – Shirky, 2008 



stigmergy 

“the regulation and 

coordination of the 

building and maintaining 

of a nest was dependent 

upon stimulation provided 

by the nest, as opposed to 

an inherent knowledge of 

nest building on the 

individual termite’s part. 

The nest simply self-

organises due individual 

termites performing 

extraordinarily simple 

actions in response to their 

local environment.”  

– Elliott, 2006 



“Stigmergy may unfold 

in a human context 

[when]… actors 

coordinate and integrate 

their cooperative efforts 

by acting directly on the 

physical traces of  work 

previously accomplished by 

others. …the modifications 

made by individuals on 

artifacts may become 

meaningful to others and in 

turn inspire new action”  

– Christensen, 2012 



RQ1:  Do accumulations of contributions within socio-technical  

  artifacts have complex structures? (Structure) 

RQ2:  What do these accumulations reveal about the dynamics 

  of socio-technical collaborations? (Dynamics) 

RQ3:  How does this method generalize to other systems,   

  accumulated user activity, etc.? (Generalizability) 



Wikipedia 



GitHub 



Reddit 



Features of an event log 

• Activity – a system action 

– Commit, revision, comment 

• Case – an entity that is acted upon 

– Repository, Wikipedia article, discussion thread 

• Performer – an entity executing actions 

– User, editor, member 

• Order – an index defining a sequence 

– Timestamp, position, thread depth 







Who works on what artifacts? 

Artifact 

X 

User 

A 

“User A contributes to Artifact X” 



Artifacts 
Users 





Artifact 
Users 





Who modifies whose work? 

User 

A 

User 

B 

“User B modified User A’s version” 
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RQ1:  Do accumulations of contributions within socio-technical  

  artifacts have complex structures? (Structure) 

RQ2:  What do these accumulations reveal about the dynamics 

  of socio-technical collaborations? (Dynamics) 

RQ3:  How does this method generalize to other systems,   

  accumulated user activity, etc.? (Generalizability) 













RQ1:  Do accumulations of contributions within socio-technical  

  artifacts have complex structures? (Structure) 

• Centralization, reciprocity, and clustering of trajectory is 

significantly higher than random graphs of similar size & 

density 

 

• Negative degree correlations  well-connected editors 

modifying poorly-connected editors’ contributions 



RQ1:  Do accumulations of contributions within socio-technical  

  artifacts have complex structures? (Structure) 

RQ2:  What do these accumulations reveal about the dynamics 

  of socio-technical collaborations? (Dynamics) 

RQ3:  How does this method generalize to other systems,   

  accumulated user activity, etc.? (Generalizability) 



Rich attributes 

• Edit latency: time elapsed between changes 

 

• Edit size: amount of content added/removed 

 

• Edit content: features of content added/removed 

Editor 

A 

Editor 

B 



Color nodes by start time 

Earlier Later 



Core of involved 

contributors 

Periphery of ephemeral 

editors 

Steward integrating 

disparate others’ edits 

Vandal fighter 

First 

editors 



Color nodes by stop time 

Earlier Later 





Links <60 seconds old 



Nodes adding >50 bytes 
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RQ2:  What do these accumulations reveal about the dynamics 

  of socio-technical collaborations? (Dynamics) 

• Trajectories reveal dynamics of editor involvement 

 

• Articles with “hairball-ier” trajectories have better quality 

 



RQ1:  Do accumulations of contributions within socio-technical  

  artifacts have complex structures? (Structure) 

RQ2:  What do these accumulations reveal about the dynamics 

  of socio-technical collaborations? (Dynamics) 

RQ3:  How does this method generalize to other systems,   

  accumulated user activity, etc.? (Generalizability) 





bootstrap 



libgit2 





User’s event log 

A B C A D A 



Earthquake and tsunami 

2011 Tucson shooting 

Mobile phones 

Antarctica 

Flodded 



Fukushima Daiichi nuclear 

disaster 

Harry Potter 

Cutty Sark 

Sandpiper 



ACSE 
Japanese serial killers 

Japanese pop bands 

Fukushima Daiichi nuclear 

disaster 

Japan 

Affected towns and 

landmarks 



Do editors interact across articles? 

Editor 

A 

Editor 

B 

Editor 

A 

Editor 

B 

Article 1 

Article 2 

Editor 

A 

Editor 

B 

Editor 

A 

Editor 

B 

Article 1 

Article 2 
Weight 2 

100% breaking 



Color edges by article type 

Editor 

A 

Editor 

B 

Editor 
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Editor 

B 

Article 1 

Article 2 

Editor 

A 

Editor 
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Editor 

A 

Editor 

B 

Article 1 

Article 2 
Weight 2 

50% breaking 



Non-breaking Breaking 



Non-breaking Breaking 



RQ3:  How does this method generalize to other systems,   

  accumulated user activity, etc.? (Generalizability) 

• Trajectories can be applied to other socio-technical systems’ 

event logs 

 

• Trajectories reveal structures in editors’ contributions 

documenting their shifting interests, expertise, and social roles 

 

• Trajectories can be overlapped into multi-graphs to reveal 

latent communities of practice 

 



Event logs narrate changes to artifacts and 

users over time 



Temporal adjacencies in event logs collapse 

large-scale data into networks 



Complexities in accumulated contributions 

suggests need for stigmergic theories 



Patterns within trajectories highlight social 

and temporal contexts of work 



Quantify implicit coordination, social role 

adoption, and communities of practice 



Thank you! 

www.brianckeegan.com 

@bkeegan 

github.com/brianckeegan 
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