
Topics in Data 
Visualization

Charlotte Wickham vis.cwick.co.nz

Perception Of Continuous 
Variables

Jul 9 2014

http://vis.cwick.co.nz


Which is larger?

A

B



Which is larger?

A B



Which is larger?

A B



Important tasks for continuous variables: 
Which is bigger? How much bigger is A 
compared to B? 
What’s the relationship between variable X 
and variable Y? 
Some aesthetics are unordered (like hue, 
shape), don’t use them to encode 
continuous variables. 



“make a quick visual judgment and try not to make precise 
measurements either mentally or with a physical object”

!

Which bar is bigger, A or B? 
What % of the larger bar is the smaller bar?

A B

A
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W. S. Cleveland and R. McGill. 
Graphical perception: 
Theory, experimentation, 
and application to the 
development of graphical 
methods. Journal of the 
American Statistical 
Association, 79(387):531–554, 
09 1984.!

Which tasks were 
we performing

for the previous 
comparisons?



Compare two !
grey bars

Cleveland & McGill’s  
experiments



T1, T2, T3 position on a common scale, but 
increasing distance between comparison. 
T4, T5 length

1.0

1.5

2.0

2.5

3.0

10 20 30 40 50 60 70 80 90

T1
T2
T3
T4
T5
T6
T7
T8
T9

True Proportional Difference (%)

L
o

g
 E

rr
o

r

Figure 3: Midmeans of log absolute errors against
true percentages for each proportional judgment type;
superimposed are curves computed with lowess.

the results for the position-angle experiment to those for the
position-length experiment. By designing judgment types 6
and 7 to adhere to the same format as the others, the results
should be more apt for comparison. Indeed, the new results
match expectations: psychophysical theory [7, 34] predicts
area to perform worse than angle, and both to be significantly
worse than position. Theory also suggests that angle should
perform worse than length, but the results do not support this.
Cleveland & McGill also did not find angle to perform worse
than length, but as stated their position-angle results are not
directly comparable to their position-length results.

EXPERIMENT 1B: RECTANGULAR AREA JUDGMENTS
After successfully replicating Cleveland & McGill’s results,
we further extended the experiment to more judgment types.
We sought to compare our circular area judgment (T7) re-
sults with rectangular area judgments arising in visualiza-
tions such as cartograms [9] and treemaps [26]. We hypoth-
esized that, on average, subjects would perform similarly to
the circular case, but that performance would be impacted by
varying the aspect ratios of the compared shapes. Based on
prior results [19, 34], we were confident that extreme varia-
tions in aspect ratio would hamper area judgments. “Squar-
ified” treemap algorithms [3, 35] address this issue by at-
tempting to minimize deviance from a 1:1 aspect ratio, but it
is unclear that this approach is perceptually optimal. We also
wanted to assess if other differences, such as the presence of
additional distracting elements, might bias estimation.

Method
We again used Cleveland & McGill’s proportional judgment
task: subjects were asked to identify which of two rectangles
(marked A or B) was the smaller and then estimate the per-
centage the smaller was of the larger by making a “quick
visual judgment.” We used a 2 (display) ⇥ 9 (aspect ra-
tios) factorial design with 6 replications for a total of 108
unique trials (HITs). In the first display condition (T8) we
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Figure 4: Proportional judgment results (Exp. 1A & B).
Top: Cleveland & McGill’s [7] lab study. Bottom: MTurk
studies. Error bars indicate 95% confidence intervals.
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Figure 5: Rectangular area judgments by aspect ratios
(1B). Error bars indicate 95% confidence intervals.

showed two rectangles with horizontally aligned centers; in
the second display condition (T9) we used 600⇥400 pixel
treemaps depicting 24 values. Aspect ratios were determined
by the cross-product of the set { 2

3 , 1, 3
2} with itself, roughly

matching the mean and spread of aspect ratios produced by
a squarified treemap layout (we generated 1,000 treemaps of
24 uniformly-distributed random values using Bruls et al.’s
layout [3]: the average aspect ratio was 1.04, the standard de-
viation was 0.28). We systematically varied area and propor-
tional difference across replications. We modified the squar-
ified treemap layout to ensure that the size and aspect ratio
of marked rectangles matched exactly across display condi-
tions; other rectangle areas were determined randomly.

As a qualification task, we used multiple-choice versions of
two trial stimuli, one for each display condition. For each
trial (HIT), we requested N=24 assignments. We also re-
duced the reward per HIT to $0.02. We chose this number
in an attempt to match the U.S. national minimum wage (as-
suming a response time of 10 seconds per trial).
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the results for the position-angle experiment to those for the
position-length experiment. By designing judgment types 6
and 7 to adhere to the same format as the others, the results
should be more apt for comparison. Indeed, the new results
match expectations: psychophysical theory [7, 34] predicts
area to perform worse than angle, and both to be significantly
worse than position. Theory also suggests that angle should
perform worse than length, but the results do not support this.
Cleveland & McGill also did not find angle to perform worse
than length, but as stated their position-angle results are not
directly comparable to their position-length results.

EXPERIMENT 1B: RECTANGULAR AREA JUDGMENTS
After successfully replicating Cleveland & McGill’s results,
we further extended the experiment to more judgment types.
We sought to compare our circular area judgment (T7) re-
sults with rectangular area judgments arising in visualiza-
tions such as cartograms [9] and treemaps [26]. We hypoth-
esized that, on average, subjects would perform similarly to
the circular case, but that performance would be impacted by
varying the aspect ratios of the compared shapes. Based on
prior results [19, 34], we were confident that extreme varia-
tions in aspect ratio would hamper area judgments. “Squar-
ified” treemap algorithms [3, 35] address this issue by at-
tempting to minimize deviance from a 1:1 aspect ratio, but it
is unclear that this approach is perceptually optimal. We also
wanted to assess if other differences, such as the presence of
additional distracting elements, might bias estimation.

Method
We again used Cleveland & McGill’s proportional judgment
task: subjects were asked to identify which of two rectangles
(marked A or B) was the smaller and then estimate the per-
centage the smaller was of the larger by making a “quick
visual judgment.” We used a 2 (display) ⇥ 9 (aspect ra-
tios) factorial design with 6 replications for a total of 108
unique trials (HITs). In the first display condition (T8) we
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showed two rectangles with horizontally aligned centers; in
the second display condition (T9) we used 600⇥400 pixel
treemaps depicting 24 values. Aspect ratios were determined
by the cross-product of the set { 2

3 , 1, 3
2} with itself, roughly

matching the mean and spread of aspect ratios produced by
a squarified treemap layout (we generated 1,000 treemaps of
24 uniformly-distributed random values using Bruls et al.’s
layout [3]: the average aspect ratio was 1.04, the standard de-
viation was 0.28). We systematically varied area and propor-
tional difference across replications. We modified the squar-
ified treemap layout to ensure that the size and aspect ratio
of marked rectangles matched exactly across display condi-
tions; other rectangle areas were determined randomly.

As a qualification task, we used multiple-choice versions of
two trial stimuli, one for each display condition. For each
trial (HIT), we requested N=24 assignments. We also re-
duced the reward per HIT to $0.02. We chose this number
in an attempt to match the U.S. national minimum wage (as-
suming a response time of 10 seconds per trial).

J. Heer and M. Bostock. Crowdsourcing graphical perception: using mechanical 
turk to assess visualization design. pages 203–212. ACM, 2010.!



The ranking of perceptual tasks

Position along a common scale 
Position along non-aligned scales 
Length, direction, angle 
Area 
Volume 
Color (chroma, luminance) 

Easiest 

Hardest



Graphs should employ 
perceptual tasks as high 
on the ranking as 
possible.

Keep important 
comparisons close.



People in Oregon commute by bicycle more than in other 
(nearby) states

Which perceptual task is involved?  How could we improve 
this plot?

Source: American Community Survey 2012 5 year PUMS


