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How can we evaluate visualizations?

What is the purpose of the visualization? 
What task are we expected to perform? 

How well does it perform? 
Do the encodings work? 
Can you read the data out of it? 

Does it highlight the important information? 

Is there interaction? 
Is it useful? 

Is there an appropriate amount of information represented? 
Enough to be useful, not enough to be confusing? 

Is it honest? 

Is it aesthetic? 
Does it invite exploration? 



Do you need the visualization?

http://colleges.usnews.rankingsandreviews.com/best-colleges/middlebury-college-3691

http://colleges.usnews.rankingsandreviews.com/best-colleges/middlebury-college-3691


Do you need the visualization?

http://wtfviz.net

http://wtfviz.net


Intuitive mappings

Pick mappings that match expectations 
temperature - color or height 
time - horizontal axis or motion

http://xkcd.com/657

http://xkcd.com/657/large/


Intuitive mappings
Pick mappings that match expectations 

temperature - color or height 
time - horizontal axis or motion

http://xkcd.com/657

http://xkcd.com/657/large/


Intuitive mappings
Pick mappings that match the kind of data



Intuitive mappings
Pick mappings that match the kind of data



Trying to say too much?

http://wtfviz.net

http://wtfviz.net


Correlation or Causation?



Correlation or Causation?



Lie to me

https://visualisingadvocacy.org/blog/disinformation-visualization-how-lie-datavis

https://visualisingadvocacy.org/blog/disinformation-visualization-how-lie-datavis


Lie to me
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Lie to me
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Lie to me

https://visualisingadvocacy.org/blog/disinformation-visualization-how-lie-datavis
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Phil Gyford - http://www.flickr.com/photos/philgyford/2932821996/in/photostream/

http://www.flickr.com/photos/philgyford/2932821996/in/photostream/


Phil Gyford - http://www.flickr.com/photos/philgyford/2931964129/in/photostream/

http://www.flickr.com/photos/philgyford/2931964129/in/photostream/


Lie to me

http://mediamatters.org/blog/2010/06/28/updated-worst-chart-ive-seen-all-day/166862

http://mediamatters.org/blog/2010/06/28/updated-worst-chart-ive-seen-all-day/166862


Lie to me

http://mediamatters.org/blog/2010/06/28/updated-worst-chart-ive-seen-all-day/166862
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Lie to me

http://mediamatters.org/blog/2010/06/28/updated-worst-chart-ive-seen-all-day/166862

# Unemployed

http://mediamatters.org/blog/2010/06/28/updated-worst-chart-ive-seen-all-day/166862


Lie to me

http://mediamatters.org/blog/2010/06/28/updated-worst-chart-ive-seen-all-day/166862

# Unemployed

9 months

6 months

15 months

http://mediamatters.org/blog/2010/06/28/updated-worst-chart-ive-seen-all-day/166862


Lie to me

http://mediamatters.org/blog/2010/06/28/updated-worst-chart-ive-seen-all-day/166862

http://mediamatters.org/blog/2010/06/28/updated-worst-chart-ive-seen-all-day/166862


Lie to me



Lie factor

http://www.infovis-wiki.net/index.php?title=Lie_Factor
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Lie factor

http://www.infovis-wiki.net/index.php?title=Lie_Factor

Lie Factor = 
Size of effect in graphic

Size of effect in data

Size of effect in data = 

Size of effect in graphic =
5.3in� 0.6in

0.6in
= 7.83

27.5� 18

18
= 0.53 Lie Factor = 14.8 

http://www.infovis-wiki.net/index.php?title=Lie_Factor


Area and one-dimensional data

Lie factor: 2.8

...and overlapping to make this look 
like it has perspective distortion

...and misleading horizontal 
displacement

Los Angeles Times, 1979-08-05
Tufte, “The Visual Display of Quantitative Data”

...and one of those is a prediction



That is a big 4%...

http://wtfviz.net

Lie factor: 0.048

http://wtfviz.net


Context is essential
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Context is essential



Context is essential



Context is essential



Context is essential



How to lie

Remove outliers and “extra” data until you have visible trends 

Find a fitted curve and throw away the original data 

Change the scaling to make a trend appear 

Change the range to only show the effect you want 

Distort the scale (e.g., move the baseline so the bottom isn’t at 0) 

Abuse dimensionality -- use volume or area instead of length since 
we know that they are harder to interpret 

Compare apples to oranges, mixing two different kinds of data on 
the same chart



Data Ink Ratio

http://www.infovis-wiki.net/index.php/Data-Ink_Ratio

data-ink ratio =
data-ink

ink used in graphic

http://www.infovis-wiki.net/index.php/Data-Ink_Ratio


Chart junk

Sunday Morning Herald, 2005-07-06

http://chartjunk.karmanaut.com/?p=8

http://chartjunk.karmanaut.com/?p=8


Chart junk

Tufte, “The Visual Display of Quantitative Data”



Useful chart junk?

Monstrous costs
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Useful chart junk?

Bateman et a., Useful Junk? The Effects of Visual Embellishment on Comprehension and Memorability of Charts, CHI ‘05

http://hci.usask.ca/publications/view.php?id=173


Useful chart junk?

Monstrous costs
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Now in 3D!



Now in 3D!
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Now in 3D!

http://www.forbes.com/sites/naomirobbins/2012/05/30/winner-of-the-bad-graph-contest-announced-2/#20fb51523307

http://www.forbes.com/sites/naomirobbins/2012/05/30/winner-of-the-bad-graph-contest-announced-2/#20fb51523307


Now in 3D!



Now in 3D!



Now in 3D!

http://www.nsf.gov/news/mmg/mmg_disp.jsp?med_id=61440&from=search_list

http://www.nsf.gov/news/mmg/mmg_disp.jsp?med_id=61440&from=search_list


That pie chart...

http://eagereyes.org/techniques/pie-charts

http://eagereyes.org/techniques/pie-charts


Too many slices of pie

http://commons.wikimedia.org/wiki/File:Pie_chart_of_US_population_by_state.png

http://commons.wikimedia.org/wiki/File:Pie_chart_of_US_population_by_state.png


Too many pies

http://maps.unomaha.edu/Peterson/geog1000/MapLinks/Japan.htm

The only worse design than a 
pie chart is several of them 

Tufte, “The Visual Display of 
Quantitative Information”

http://maps.unomaha.edu/Peterson/geog1000/MapLinks/Japan.htm


3D Doughnut plots

http://wtfviz.net

http://wtfviz.net


Wait a minute...

http://wtfviz.net

http://wtfviz.net


Color 



Rainbow color maps

http://eagereyes.org/basics/rainbow-color-map

http://eagereyes.org/basics/rainbow-color-map


Rainbow color maps

http://eagereyes.org/basics/rainbow-color-map
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Rainbow color maps



Rainbow color maps

details in the data falling within single color ranges in
the color map (see Figure 2). 

Actively misleading
Not only does the rainbow color map confuse view-

ers through its lack of perceptual ordering and obscure
data through its inability to present small details, but it
actively misleads the viewer by introducing artifacts to
the visualization. The rainbow color map appears as if
it’s separated into bands of almost constant hue, with
sharp transitions between hues. Viewers perceive these
sharp transitions as sharp transitions in the data, even
when this is not the case (see Figure 3). When combined
with the lack of perceptual ordering, viewers face a
daunting task when trying to correctly interpret the data
via the rainbow color map. The goal of visualization is
to present data so that viewers can quickly and accu-
rately learn about the underlying data. The rainbow
color map does a great deal to hinder this learning
process by introducing confusing artifacts in some loca-
tions and reducing detail in others.

Prevalence of the rainbow color map
Although researchers have well documented these

deficiencies, the visualization community still widely
uses the rainbow color map. We present the findings of
two surveys illustrating this prevalence. The first survey
looks at papers in the IEEE Visualization Conference pro-
ceedings; the second considers visualization toolkits.

IEEE Visualization proceedings
We searched the IEEE Visualization conference pro-

ceedings from 2001 through 2005 for papers that dis-
played data using a pseudocolor map. We included
visualizations in which the rainbow color map was
applied to surfaces, such as isosurfaces and streamlines.
We excluded volume renderings as the literature does
not address the relative merits of the rainbow color map
when used for a color transfer function (although it
seems clear that the same objections would apply). We
did not count visualizations that used a banded version
of the rainbow color map because explicit banding can be
a useful visualization technique. We only included scalar
data visualizations, excluding techniques such as map-
ping vector components to RGB—which is common with
diffusion tensor MRI images. Such visualizations can
appear at first glance to use the rainbow color map, but
they are in fact using a different technique (see
Rheingans8 for a discussion of the hazards of encoding
multiple values into a pseudocolor map). 

Results
Table 1 (next page) presents statistics from the 2001

through 2005 IEEE Visualization Conference proceed-
ings. The table gives percentages of papers imple-
menting pseudocoloring to display data using the
rainbow color map. We’ve included all papers that
include at least one use of the rainbow color map. The
results are alarming:

■ Each year between 40 and 59 percent of all papers
using pseudocoloring used a rainbow color map. 

IEEE Computer Graphics and Applications 15

1 Perceptual ordering. (a) We can easily place the gray
paint chips in order based on perception, (b) but can-
not do this with the colored chips.

2 Spatial contrast sensitivity function. Frequency
increases to the right and contrast increases toward the
bottom of both images in the figure. We can see detail
at much lower contrast in the (a) luminance-varying
gray-scale image than with the (b) rainbow color map.

3 Four data sets visualized with (a) rainbow, (b) gray-scale, (c) black-body
radiation, and (d) isoluminant green–red color maps. Apparent sharp
gradients in the data in (a) are revealed as rainbow color map artifacts, not
data features, by comparing this row with the same data viewed using the
other color maps. Conversely, the sharp gradient found at the center of the
second data set (see the second column) shown in the gray-scale and black-
body radiation (and to a lesser extent, the isoluminate green–red) images
is not found in the corresponding image with the rainbow color map.

(a) (b)

(a) (b)

(a)

(b)

(c)

(d)

Borland and Russell, “Rainbow Color Map (Still) Considered Harmful”



Color Brewer

http://colorbrewer2.org

http://colorbrewer2.org


Adobe Kuler



Lie factor: 25.21!



http://mattmckeon.com/facebook-privacy/
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