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Can You Read This? 
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Crowd Computing 

Coordinating a crowd (a large group of people on the web)  

      to do micro-work (small contributions) 

      that solves problems (that software or one user alone can’t do) 

 

 

 

 

 

 

 

volunteer social paid fun 

TurKit 
human computation 

algorithms 

Soylent 
a word processor  

with a crowd inside 

VizWiz 
helping the blind see  

with a crowd’s eyes 

Adrenaline 
crowds in  

two seconds 

Crowd Software 

User 

Caesar 
code-reviewing by a  

crowd of students 



Amazon Mechanical Turk 

• highly-available, short, cheap, programmable...  

a prototyping platform for crowd computing 
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70 heads 

29 tails 

Why We Need Crowd Algorithms 
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1 “1” 



Tackling Hard Tasks with a Crowd 

 

 

 

 

 

 

 

 

 

• Problem: one person can’t do a good transcription 

• Key idea: iterative improvement by many workers 
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Greg Little et al.  “Exploring iterative and parallel human computation 

processes.” HCOMP 2010. 



Improve-and-Vote Algorithm 
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improvement $0.05 3 votes @ $0.01 

… 



Improve-and-Vote Algorithm 
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… 

After 9 iterations 



Another Example: Blurry Text 

 

9 

I had intended to hit the nail, but I’m 

not a very good aim it seems and I 

ended up hitting my thumb. This is a 

common occurence I know, but it 

doesn’t make me feel any less 

ridiculous having done it myself. My 

new strategy will involve lightly tapping 

the nail while holding it until it is 

embedded into the wood enough that 

the wood itself is holding it straight and 

then I’ll remove my hand and pound 

carefully away. We’ll see how this 

goes. 

After 8 iterations 



Human Computation Algorithms 

• Improve-and-Vote is a simple  

but effective crowd algorithm 

• Considerations for crowd algorithm design: 

Quality 

• Improve-and-Vote is useful on a noisy crowd like MTurk 

(~30% of open-ended work is bad somehow, and ~3% of 

workers are spammers) 

• Other crowds may have less noise 

Time 

• Improve-and-vote runs slowly, because it’s serialized 

Incentives 

• For MTurk, equivalent to cost in $ 

• Other crowds need other incentives 
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TurKontrol: Optimizing Improve-and-Vote 

• Maintain estimates of process state 

– artifact quality 

– worker ability 

– voter accuracy 

• Make utility-maximizing decisions 

– when to get another voter 

– when to stop iterating 
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Peng Dai, Mausam, Daniel S. Weld.  “Artificial Intelligence for Artificial 

Artificial Intelligence.” AAAI 2011. 



Shortening A Paper to Ten Pages 
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Michael Bernstein et al.  “Soylent: a Word Processor with a Crowd 

Inside.”  UIST 2010.  Best student paper. 



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.” 
Soylent, a prototype... 

“Choose at least one rewrite that 

has significant style errors in it. 

Choose at least one rewrite that 

significantly changes the meaning of 

the sentence.” 

Keep patches found by  

at least two people 

Randomize order of suggestions 

Find-Fix-Verify Pattern 
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Shortn Performance 

• Length 

 15% shorter on average (10-22% overall) 
 

• Cost 

 $1.41 per paragraph 

  $0.55 to Find an average of two patches 

  $0.48 to Fix each patch 

  $0.38 to Verify the results 

 

• Time 

 Wait: median 18.5 min (Q1 = 8.3 min, Q3 = 41.6 min) 

  Work: median 2.0 min (Q1 = 60 sec, Q3 = 3.6 min) 
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Eating Our Own Dog Food 
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VizWiz: Helping the Blind See 
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What’s in this can? 

Jeffrey Bigham et al.  “VizWiz: Nearly Real-time Answers to Visual 

Questions.” UIST 2010. Best paper award. 

Which door is the 

women’s restroom? 



Helping the Blind See 
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Mechanical 

Turk 

1. the left one 

2. LEFT 

3. on the left 



Deployment 

• 10,000+ downloads, dozens of questions/day 
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What color is this pillow? What denomination is 

this bill?

Do you see picnic tables 

across the parking lot?

What temperature is my 

oven set to?

Can you please tell me 

what this can is?

What kind of drink does 

this can hold?

(89s)    I can’t tell.

(105s)  multiple shades 

of soft green, blue and 

gold

(24s)  20

(29s)  20

(13s)  no

(46s)  no
(69s)  it looks like 425 

degrees but the image 

is difficult to see.

(84s)  400

(122s) 450 

(183s)  chickpeas.

(514s)  beans

(552s)  Goya Beans

(91s)    Energy

(99s)  no can in the 

picture

(247s)  energy drink



Adrenaline: A Crowd-Powered Camera 

Time to final picture: 

Ten second video 

Michael Bernstein, Joel Brandt, et al.  “Crowds in Two Seconds: 

Enabling Realtime Crowd-Powered Interfaces.”  UIST 2011. 

Mechanical 

Turk 



Step 1: Get the Crowd Fast 

• Retainer model 

– Recruit crowd in advance, and pay them to wait a few minutes 

 

 

 

 

 

 

 

 

 

 

• A worker on retainer costs $0.30 per hour 
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fraction  

returning  

in ≤ t sec 



Step 2: Get the Crowd to Work Fast  

• Rapid refinement pattern 

– Recognize potential agreement early, and use it to reduce 

the search space 
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Results 
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Algorithm 
Histogram of Execution Times      N=72 

photos 

Rapid 

Refinement 

First  

Answer 

All Answers 

+Vote 

μ=16.3 sec, σ=9.8 sec 

22¢ 

μ=45.3 sec, σ=14.0 sec 

53¢ 

μ=12.6 sec, σ=2.2 sec 

22¢ 



Caesar: Crowd-Driven Code Review 

• Students in MIT software engineering classes write 

lots of code 

– roughly 10kloc in problem sets and projects 

• Automatic grading is necessary but not sufficient 

 

 

 

 

 

 

– we need human readers, and we want line-by-line feedback  
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correct and 

understandable 

correct but 

confusing 



Caesar: Crowd-Driven Code Review 

• Chop up student programs into chunks 

• Assign the chunks for review by a mixed crowd 

 

 

 

 

 

 

• Results from 2 semesters in MIT 6.005 software engineering 
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staff 

alumni 

students 

13 problem sets, 2200 submissions 

 

21,500 comments 

  5% alums  16.2% upvoted 

  8% staff    0.7% downvoted 

87% students  

 

9.6 comments per submission  

comments come back in < 3 days 



Kinds of Comments 
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Bug 

Clarity 

Style 

Performance 

Simplicity 

Learning 

Positive 

LGTM 

Meta 

• Does the message already include 

"\n"? If so, this is fine. If not, it should 

be added here.  

• I don't really understand what you're 

trying to test for here - why the 20? 

Small comments would help tell what 

you're doing. 
• This could be implemented within the 

next for loop for a faster algorithm  • You don't necessarily need this 

variable. 

• I think this code could have been 

more simpler without using so many if 

statements. For example, you could 

have divided the case in which the 

first operand is not a scalar or not. It 

is hard to read. 

• You should put this comment above the 

line, otherwise it runs off the page. 

• This is nice and concise. (I didn't 

know you could iterate through an 

array like this in a for loop) 

 

• This is interesting. Why do you 

store all the messages you 

send/receive in a log? 

Code author: For debugging. 

The log adds time stamps, 

which help a lot for debugging 

concurrency problems. 

• nice use of comments 

 

• I like how you have assert 

statements sprinkled throughout 

your test: Great way of checking 

where things are failing. 

 

• Thank you for making this more 

than 1 line :) it's much more 

readable.  

• looks good to me 

 

• Test looks fine 

 

• yes, this is all correct 
• Two of my files to review are Main :[ 

• I don't think I should be reviewing this 

method. I think its a problem with 

caesar.  

~13% 

< 1% 



Alums Have Different Context 

27 

• alum: avoid abbreviating variable names... 'hi' would be 

especially confusing to someone who isn't familiar with english 

• student: Idk about this one though. I've seen lo and hi at various 

places. I'd say this is fine. Though, the integer N should be 

lower case, just to conform with the java naming convention. 

• alum: When you're in industry and working on code with 

people who aren't necessarily familiar with English... it's a 

problem to use  phonetic abbreviations. There is really no good 

reason to abbreviate variable names especially since IDEs 

autocomplete. 

• student: For that, yes, I agree. Sadly, some IDEs don't 

autocomplete very well. *cough* 

• code author: These were the variables that were given to us 



What’s Next 
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TurKit 
human computation 

algorithms 

Soylent 
a word processor  

with a crowd inside 

VizWiz 
helping the blind see  

with a crowd’s eyes 

Adrenaline 
crowds in  

two seconds 

Crowd Software 

User 

Caesar 
code-reviewing by a  

crowd of students 



Crowd-Powered Design Space 

Crowd Software 

User 

Microsoft Word 

VizWiz 

Google Goggles 
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Soylent 



Deployable Wizard of Oz 

• Wizard of Oz 

– tried-and-true prototyping 

technique when we don’t know 

how to write the software part 

of a system 

• Crowd computing enables  

Wizard of Oz systems that  

are useful and deployable 

– collect data from real use 

– use AI for performance/cost 

improvement 
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Crowd Software 

User 

Soylent 

VizWiz 



The User Plays a Key Role 

• The end-user knows the goal  

and the context of the work 

• The end-user provides  

coherence to a creative  

product 

• The end-user has final  

responsibility for the result 
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Crowd Software 

User 

writer 

blind person 

photographer 

programmer 



Many Crowds, Many Incentives 

Crowd Software 

User 
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• Money 

• Love 

• Glory 

 



Hints for Crowd System Design 

• Divide work into small chunks 

– for parallelism and fault-tolerance 

• Expect noise 

– either design a good algorithm, 

or refine the crowd 
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Crowd Software 

User 



Crowds Are Human! 

• Crowd’s abilities should  

complement the user’s 

– diversity (“many eyes”) 

– different competence 
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Crowd Software 

User 



MS Word Copy Editors 

Writer 

Sighted  

Helpers Searchers 

Ongoing Work 

 

 

 

 

 

 

• Open questions in crowd computing 

– Scalability 

– Designing incentives for different kinds of crowds 

– Mobile crowds 

– Expert crowds 

– Task routing 

– Transitioning from crowd to AI 
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Smartphone 

Blind Person Driver 

Helpers Eclipse 

Programmer 



Conclusion 
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… and a crowd of more than 20,000 turkers 
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TurKit 
human computation 

algorithms 

Soylent 
a word processor  

with a crowd inside 

VizWiz 
helping the blind see  

with a crowd’s eyes 

Adrenaline 
crowds in  

two seconds 

Crowd Software 

User 

Caesar 
code-reviewing by a  

crowd of students 


