"Beyond the Cloud”: A Perceptual lllusion in Overlaid Bar Charts
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Background

A general challenge in information visualization is to represent multiple
datasets in a way that supports comparison.

Gleicher et al. (2011) provided
a taxonomy for comparative
visualization, with 3 categories.
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Figure from Gleicher et al. (2011)

Each category uses different
kinds of processing to support
comparison.

Superposition is beneficial because it places objects within a shared space and
reduces the need for memory to make comparisons.

But, overlaying datasets can obfuscate patterns within each dataset. For example...

Which dataset do you
think has a higher
mean, yellow or green?
[the means are the same]
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Data from Mukherjee, Schloss, Rogers (VSS-2024)
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Research Questions
In overlapping charts, do people systematically estimate the means of
unsorted bars to be higher than sorted bars, when the means are the same?

If so, what perceptual factors drive this illusion?

Dataset Generation

Base + Random Perturbation 1

Base Distribution

Overlay distributions
(front is translucent)

Base + Random Perturbation 2

Rank by order
of x-axis above

_Uniform and Random Normal

Generated 448 datasets
(+16 datasets with extreme
differences for attention checks)

Wenxuan Zhao' & Karen B. Schloss'?

Experiment 1
Task

Popularity Index for Flower Type 1 and Flower Type 2 across U.S. Counties

flower type 1 flower type 2
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Instructions

In this task, you will see a series of bar charts
about flower popularity across the U.S., like the
one here.

The bars along the x-axis represent each of the
50 states. The y-axis of the bar chart represents
the popularity index of the flowers: a taller bar
Indicates a greater popularity. Each chart shows
two overlapping datasets, one for each flower.

Which flower is more popular, flower 1 or
flower 27

[Participants did not know that mean popularity was
actually the same for both flower types]

Experiment DeSign (n = 32; 24 passed exclusion)
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+ 16 attention checks

Mean of one class obviously larger

Popularity Index for Flower Type 1 and Flower Type 2 across U.S. Counties
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Beyond the cloud lllusion
Sorted bars form a “cloud” of data.

Unsorted bars that fall within the

cloud are obscured.

Extra weight is given to unsorted bars
that fall above the cloud when
estimating the mean.

"Wisconsin Institute for Discovery, “University of Wisconsin-Madison Psychology

Experiment 2

AT THE UNIVERSITY OF WISCONSIN - MADISON

Is the beyond the cloud illusion due to overlaying data, or to merely overestimating means of unsorted bars”?

Superposition Group

Replication of Exp. 1 (n = 41; 25 passed exclusion)

Task: Which flower was more popular?

Popularity Index for Flower Type 1 and Flower Type 2 across U.S. Counties
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Results: Superposition
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Replicated Experiment 1:
intercept (p < .001)

hue distance x sorting interaction (p < .001)

Conclusion

beyond the
cloud illusion
(p < 0.001)

Juxtaposition Group

Datasets from Exp. 1 shown in separate plots (n = 48; 25 passed exclusion)

Flower Popularity Index

Proportion unsorted chosen

Task: Which flower was more popular?

Popularity Index of Two Flower Types across U.S. Counties
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Results: Juxtaposition

intercept not
significant
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Unlike Experiment 1:
intercept (p = .334), sorting (p < .001)
hue distance x sorting interaction (p = .005)

Counties

Beyond the cloud
illusion is due to
overlaying data, not
just sorting bars.

The superposition group was
more likely to estimate unsorted
bars as having a higher mean
(effect of group p < .001).

The juxtaposition group had the
opposite effect of sorting,
preserved over hue step (3-way
interaction p < .001).

Unclear why.
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Beyond the cloud illusion: estimated that unsort-
ed bars had a higher mean (intercept p < .001).

The illusion was reduced as hue step increased
(effect of hue step p < .001), especially when
bars were sorted by opaqgue (hue distance x
sorting interaction p < .001). Why?

Sorted by opaque

Outer contrast (AE)

unsorted vs. overlapping

-— Inner contrast (AE)
sorted vs. overlapping
especially weak

Outer contrast (AE)

unsorted vs. overlapping

— Inner contrast (AE)
sorted vs. overlapping

Does the magnitude of the illusion depend on color contrast (AE)?
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Increased inner contrast Increased outer contrast

Overall, the illusion was reduced as inner contrast
increased (p = .012).

Increasing both inner and outer contrast especially
reduced the illusion when opaque bars were sorted
(inner contrast x sorting p = .008; outer contrast x
sorting p = .047).

We presented the beyond the cloud illusion in overlaid
charts, in which the mean of unsorted bars appears
higher than the mean of sorted bars (even when equal).

The sorted bars form a “cloud” of data and unsorted
bars that fall within the cloud are obscured, which leads
to overestimating the mean of data points that extend
beyond the “cloud.”

This illusion is magnified by weaker color contrast
between bars within the cloud.

This effect is part of a larger class of effects in which

perceptual properties of visualizations bias estimates
of the mean.
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Weaker contrast: stronger illusion

Within-the-Bar Bias

(Newman et al., 2012)

Weighted Average lllusion
(Hong et al., 2022)
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Stronger contrast: illusion weaker but present



