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Announcements
Project milestone due Thursday by 4pm
Exam question bank, based on your votes, is coming out soon
Exam is one week from today: 3/4 questions in the question 
bank, 1/4 staff-written questions that cover through this week

2



Last time
Crowdsourcing: an open call to a large group of 
people who self-select to participate
Crowds can be surprisingly intelligent, if opinions are 
levied with some expertise and without 
communication, then aggregated intelligently.
Design differently for intrinsically and extrinsically 
motivated crowds
Vandalism—much like other anti-social behavior—is 
rare, but can happen



Last time
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Parallel, independent 
contributions

But, this only works if the 
goal can be subdivided into 
modular components with 
few or no interdependencies.
Think filling out rows of a 
spreadsheet or taking argmax



Galaxy Zoo is an online crowdsourcing project where anyone can 
help classify galaxies. Within 24 hours of launch, volunteers were 
submitting 70,000 classifications per hour. The platform has led to 
major discoveries and some users have even become co-authors! 

0.5% extra credit 
for examples 
relevant to recent 
or upcoming 
lectures. Submit on 
Ed under the “Extra 
Credit” category

Attendance

“Crowdsourcing” example submitted by Irene A. Lin



Today
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Interdependent, integrated 
contributions

Think invention, engineering, 
or design.



How?
There are fundamental differences between parallel and 
interdependent contribution structures. 
We can’t just make a movie or build Linux with parallel 
contributions.
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Johnny Cash Project: crowdsourced music video 
One frame per participant — beautiful, slightly anarchic



Star Wars Uncut: crowdsourced movie remake, 2hr long 
One scene per participant — style whiplash



How?
If we can’t do it with parallel contributions, how do we create 
complex outcomes with distributed online collaborations?
Topics:

Peer production
Workflows
Convergence and coordinated adaptation
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Peer production



Linux



Linux



What is peer production?
Crowdsourcing: making an open call to a large set of individuals 
who self-select into tasks
Peer production introduces additional requirements, including… 
[Benkler 2002]

Decentralized conception: many control the direction and outcome, not 
a traditional bureaucracy
Results treated as a commons: the output is publicly available and 
generally non-rival
No contracts: governance and work allocation isn’t handled through 
signed contracts 14

(def: when I use it, it doesn’t reduce your ability to use it)



When does peer 
production work?
Benkler’s argument [2002]: peer production outperforms traditional 
firms (e.g., for-profit companies) when (1) there exists strong 
intrinsic motivation and (2) work can be broken down into granular, 
easy-to-integrate tasks.

Linux server > Microsoft Windows server
Wikipedia > Encyclopedia Brittanica
Git > Perforce
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From before
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Lurkers

Likers

Commenters

Contributors

Mods
Imagine a 10x
dropoff between levels



Peer production: wiki
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Readers

Error Fixers

Writers

Editors

Admins
Contribution opportunities 
must be available 
at every level



Peer production: OSS
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Users

Askers / Issue Openers

Pull Requesters

Contributors

Admins
Contribution opportunities 
must be available 
at every level



Why do people do this?
The usefulness of the outcome to the contributor; hedonic pleasure 
of contributing (e.g., writing software); increased social capital, 
reputation, and status [von Hippel and von Krogh 2003, von Krogh et al. 
2003, Benkler, Shaw and Hill 2015]

People self-select into communities that match their motivations 
[Glott et al. 2010, Ghosh and Prakash 2000; Belenzon and Schankerman 2008, 
Benkler, Shaw and Hill 2015]

Those extrinsically motivated by reputation and employment will 
contribute more to industry-sponsored projects 
Those more intrinsically motivated will contribute more to free 
communities 19



But does it really work?
Pros 

Linus’s Law: “With enough eyes, all 
bugs are shallow” [Raymond 1999]

Wikipedia used to be disallowed as a 
citable source because it could not 
be trusted. But then:
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Cons 

Many efforts do not achieve critical mass 
needed for quality [Ghost Town lecture]

Peer production appears better at creating 
functional artifacts (e.g., code) than creative 
artifacts (e.g., movies) [Benkler 2006]

No direct control of peoples’ efforts: 1.5B 
monthly Wikipedia views go to articles that 
would be higher quality if editors optimally 
distributed their work to meet reader 
demand. [Warncke-Wang et al. 2015]



And errors do occur…

21

node.js leftpad module incident

So given these tradeoffs, when 
would you opt for peer 
production over firm-based 
production, assuming you had 
moderate but not infinite funds? 
[2min]



Workflows
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Iterative crowd algorithm 
[Little et al. 2009]

…
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Iterative crowd algorithm 
[Little et al. 2009]

You (misspelled) (several) (words). Please spellcheck your work next time. I also notice 
a few grammatical mistakes. Overall your writing style is a bit too phoney. You do make 
some good (points), but they got lost amidst the (writing). (signature)
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Find-Fix-Verify 
[Bernstein et al. 2010]

Find-Fix-Verify is a design pattern for open-ended tasks.
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Soylent, a prototype...Soylent, a prototype...Soylent, a prototype...Soylent, a prototype...

Find a problem Fix the problem Verify each fix
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Find

Fix

Verify

“Identify at least one area that can be shortened 
without changing the meaning of the paragraph.”

“Edit the highlighted section to shorten its length 
without changing the meaning of the paragraph.”

“Choose at least one rewrite that has style errors, 
and at least one rewrite that changes the meaning 
of the sentence.”

Independent agreement 
to identify patches

Randomize order of 
suggestions

Soylent, a prototype...
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Keep suggestions that do not get voted out

Verify “Choose at least one rewrite that has style errors, 
and at least one rewrite that changes the meaning 
of the sentence.”



Mechanical Novel 
[Kim et al. 2017]

Could we crowdsource the Great American Novel?
Unlike most crowdsourcing workflows, creative work requires tight 
interconnections between different parts of a story, and between 
the high-level goal and low-level text
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Reflect 
choose a high-level goal

Revise 
break into tasks and edit
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Flash Teams 
[Retelny et al., UIST ’14]
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Computationally-guided teams of crowd experts supported by 
lightweight team structures. 

Input OutputFlash Team

Design workflow



animation
Input: high-level script outline
Output: ~15 second animated movie
Our example:

44:40 hours
$2381.32
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What crowdsourcing 
can’t do



Limits of algorithmic 
coordination
So far, goals such as invention, production, and engineering have 
remained largely out of reach [Kittur et al. 2013]
Why? [1min]
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Dominant architecture: 
algorithms
Modularize and pre-define all possible 
behaviors into workflows
Computation decides which behaviors are 
taken, when, and by whom; optimizes, error-
checks, and combines submissions

[Kittur 2011]

[Little 2009; Little 2010]
[Dai and Weld 2010]



Limits of algorithmic 
coordination
Returning to the question: why have complex goals remained largely 
out of reach?
Open-ended, complex goals are fundamentally incompatible with a 
requirement to modularize and pre-define every behavior [Van de 
Ven, Delbecq, and Koenig 1976; Rittel and Webber 1973; Schön 
1984]
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Of course, workflows  
cause issues… [Retelny et al. 2017]

Workflows are inflexible and can 
become games of telephone, 
where intent gets lost and errors 
can propagate over time
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With the Linux kernel […] we 
want to have a system which is as 
modular as possible. The open–
source development model really 
requires this, because otherwise 
you can’t easily have people 
working in parallel.” [Torvalds 1999]

Limits of crowdsourcing and 
peer production
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Peer production is limited not by the 
total cost or complexity of a project, 
but by its modularity.” [Benkler 2002]

[Boudreau, Lacetera, and Lakhani 
2011]

“

“



Interdependence and collective 
action remain challenging
The result: algorithmic, workflow-based architecture confines 
collaborations to goals so predictable that they can be entirely 
modularized and pre-defined.
But many valuable collective activities do not fit this criteria.
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Why are these challenging?
Convergence: crowds are excellent at generating ideas and at 
spreading awareness, but it’s much more challenging for them to 
build consensus toward a single action.
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Convergence [Example via Niloufar Salehi]



[Example via Niloufar Salehi]

Convergence



Why are these challenging?
Coordinated adaptation: changing direction in sync with each other.
Crowds are excellent at executing pre-defined tasks, but it’s much 
more challenging for them to continually re-evaluate goals and 
adapt in sync.
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Hybrid peer production
Why is it that many successful peer production projects form either 
nonprofits or for-profit organizations to support their efforts?

Nonprofit: PyTorch (PyTorch Found.), Kubernetes (CNCF), Django (DSF)
For profit: Docker (Docker, Inc.), Ubuntu (Canonical), MySQL (Oracle)

Peer production struggles with tasks that traditional contract-based 
firms achieve (e.g., keeping release schedules, integrated 
contributions). So, they form hybrid models to compensate.

Example: supposedly simple goal for Ubuntu—plugging a USB drive and 
the drive appearing on your desktop
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Ratatouille TikTok musical
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Seed idea Structure Divergence Convergence

Required a 
focused team



Has your opinion changed?
When would you opt for peer production over firm-based 
production, assuming you had moderate but not infinite funds?
Which would you use if the goal were to:
- Write a lecture for CS 278?
- Redesign the requirements for your major?
- Decide on the future of Stanford neighborhoods?
[2min]
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Exam
Closed-book exam on paper
Questions sampled from the question bank of top questions from 
voting. Question bank posted in advance.

Roughly 1/4 Easy questions, 1/4 Medium questions, 1/4 Hard questions…
And 1/4 staff-written questions

Study groups OK, but no collaboration on or sharing notes or 
answers
Details on the website
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Summary
Shifting from simple wisdom-of-the-crowd tasks requires much 
more than just a scaling up of ambition: it requires designing for 
interdependence.
Peer production — the term encompassing shared open work (e.g., 
Wikipedia, open source) is one powerful method for volunteer 
coordination. Workflows and algorithms offer another approach. 
Both have their issues.
Aiming higher means we will need to solve issues of convergence 
and coordinated adapatation.
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Creative Commons images thanks to Kamau Akabueze, Eric Parker, Chris 
Goldberg, Dick Vos, Wikimedia, MaxPixel.net, Mescon, and Andrew Taylor. 
Slide content shareable under a Creative Commons Attribution-
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