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Set A Set B Set C Set D
X Y X Y X Y X Y

10 8.04 10 9.14 10 7.46 8 6.58

8 6.95 8 8.14 8 6.77 8 5.76

13 7.58 13 8.74 13 12.74 8 7.71

9 8.81 9 8.77 9 7.11 8 8.84

11 8.33 11 9.26 11 7.81 8 8.47

14 9.96 14 8.1 14 8.84 8 7.04

6 7.24 6 6.13 6 6.08 8 5.25

4 4.26 4 3.1 4 5.39 19 12.5

12 10.84 12 9.11 12 8.15 8 5.56

7 4.82 7 7.26 7 6.42 8 7.91

5 5.68 5 4.74 5 5.73 8 6.89

[Anscombe 73]

Summary Statistics Linear Regression
uX = 9.0 σX = 3.317 Y2 = 3 + 0.5 X
uY = 7.5 σY = 2.03 R2 = 0.67



0

2

4

6

8

10

12

14

0 5 10 15

0

2

4

6

8

10

12

14

0 5 10 15

0

2

4

6

8

10

12

14

0 5 10 15

0

2

4

6

8

10

12

14

0 5 10 15 20

Set A

Set C Set D

Set B

X X

Y

Y



Panopoly of visualizations



hawaii.naist.jp/research/visual_e.html





Andy Baio - Waxy.org



Using MTurk for Research

Machine Learning, Comp. Vision & Info. Retrieval
User-Generated Metadata, Labeling Data

Kittur, Chi & Suh: Wikipedia Article Quality
Use verifiable questions to reduce gaming
Make sincere responses as easy as insincere ones

Mason & Watts: Financial Incentives
Higher reward faster completion, same quality



AN EXAMPLE:
TimeNets for Genealogical Data



Visualizing Genealogical Graphs





TimeNets = Time x Family Trees



(Out-of-Wedlock Births)



Elizabeth Taylor (Remarriage)



Osama bin Laden (Polygamy)



Family Tree



TimeNets



Family Tree

Asked structural, temporal & struct x temp tasks
No accuracy differences between visuals
TimeNets were significantly faster (~25%) for 

tasks with a temporal component

vs.





hawaii.naist.jp/research/visual_e.html



Research Goals

1. Assess the viability of crowdsourced
perception experiments on Mechanical Turk.

2. Demonstrate the use of MTurk to gain novel 
insights for visualization design.

3. Analyze experimental data to characterize 
MTurk as an experimental platform.



Experiment 1:
Proportional Judgments of 

Spatial Data Encodings



Most accurate Position (common) scale
Position (non-aligned) scale

Length

Slope

Angle

Area

Volume

Least accurate Color hue-saturation-density

Cleveland & McGill ‘84



Cleveland & McGill, 1984

Stimuli for position encodings.
Task: estimate % smaller element is of the larger



Experiment 1A: Proportions

Goal: replicate Cleveland & McGill, 1984

5 original types: position (3) + length (2)
+ 2 new types: angle + circular area
x 10 proportional differences

N=50 assignments, $0.05 per HIT

Task: estimate % smaller element is of the larger
Error = log2( | true% - estimated% | + 1/8)



Cleveland & McGill, 1984 (Lab Study)

Our Crowdsourced Study



Cleveland & McGill, 1984 (Lab Study)

Our Crowdsourced Study



Experiment 2: 
Gridline Alpha Contrast





Experiment 2 Tasks

2L: Adjust the grid so that it is as light as 
possible while still being usably perceptible.

2D: Adjust the grid strength to meet your best 
judgment of how obvious it can be before it 
becomes too intrusive and sits in front of the 
image; some users have called this a ‘fence’.



Experiment 2: Gridline Alpha

4  plot density: none, sparse, medium, dense
x 5  background: #f3, #d8, #be, #a5, #8e
x 3  replications

N=24 assignments, $0.02 per HIT

Record alpha value, User-Agent, JS “screen” info



Stone & Bartram, 2009 (Lab Study)

Our Crowdsourced Study



Inferred Display Configuration

Operating System (& gamma?) from User-Agent

MacOS < 10.6: γ = 1.8  vs.  PC: γ = 2.2

Alpha x pixel resolution: r = 0.07, p < 0.01
Alpha x color depth: r = -0.18, p < 0.01



Experiment 3:
Chart Size & Gridline Spacing



Mechanical Turk:
Performance and Cost



Turkers Overlap Across Studies

31% (51/186) Turkers participated in 2 or more
Only 7% (13) from Exp. 1A participated later



Samplers and Streakers



Quality with Qualification

High quality results: Only 0.75% of 
responses were rejected outliers.

Removing qualification tasks resulted 
in over 10% unusable responses.

Verifiable answers reduce gaming 
incentive and insincere responses.



Standard HITs Frustrate Timing

Expected time per HIT: 10s
Observed time per HIT: 42s (µ=54s, σ=41s)

Timing data is not reliable.

Strategies for Fine-Grained Timing
• Macro-Task (batch of micro-tasks)
• Ready-Set-Go HIT interface

Successful in subsequent studies.



HIT Completion Rates

Orange ≥ 4¢ Blue = 2¢

Raise reward faster results; ≅ quality



Crowdsourcing Reduces Costs

6x cost savings (vs. $15/subject lab rate)
9x savings possible (using $0.02 rewards)
Study time drops from 2 weeks to 1-3 days

Crowdsourcing provides up to an 
order of magnitude $$ and time savings

With constant cost, it enables more 
studies, more variables, more subjects



Future Work

Multiple methods studies: how to best balance 
the laboratory with online crowdsourcing?

Better tools for crowdsourced experimentation. 
Facilitate experimental control and adaptation.

Community resources for evaluation: share 
“market” data, share experimental designs, 
facilitate replication and meta-analysis.



Extend crowdsourcing methods
to an even greater diversity

of experimental designs.
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