
cs2420 | Spring 2015
VISUALIZATION



administrivia…

2



3

-assignment 12 is due Tuesday

-upcoming lectures



datadata
INDUSTRIAL REVOLUTION OF DATA

Joe Hellerstein, UC Berkley
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The ability to take data—to be able to understand it, 
to process it, to extract value from it, to visualize 
it, to communicate it—that’s going to be a hugely 
important skill in the next decades.

Hal Varian, Google’s Chief Economist 
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sources: AbyssExplorer, hint.fm/wind, Wordle



visualization 
uses perception to point out interesting things.
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visualization 
uses pictures to enhance working memory.
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given these 50 numbers . . . 
. . . what number appears most often?
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vi⋅su⋅al⋅i⋅za⋅tion 
noun, plural -s

1. formation of mental visual images

2. the act or process of interpreting in visual terms or  
of putting into visible form

22

“Computer-based visualization systems provide visual 
representations of datasets intended to help people carry 
out tasks more effectively..” Prof. Tamara Munzner



ANALYZE DATA
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THE CHALLENGER 
DISASTER

source: Wikipedia



25 source: E. Tufte
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John Snow 1854
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http://www.babynamewizard.com/voyager
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COMMUNICATE IDEAS
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design excellence
“Well-designed presentations of interesting 
data are a matter of substance, of statistics, 
and of design.” 

Edward Tufte
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Edward Tufte
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Mark Goetz



Data-ink Ratio =
data-ink 

total ink used in graphic
maximize the
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Data-ink Ratio =
data-ink 

total ink used in graphic
maximize the
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TRIGLYCERIDE LEVEL



Data-ink Ratio =
data-ink 

total ink used in graphic
maximize the

44Tufte 2001



COUNTER-POINT
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EXPERIMENT

-asked participants to 
choose box plot with 
largest range from a set

-varied representation
-measured cognitive load 
from EEG brain waves

46



EXPERIMENTAL RESULTS
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-paper focused on cognitive load as an evaluation 
method

-studies showed that the simplest box plot is 
hardest to interpret
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AVOID CHART JUNK
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AVOID CHART JUNK
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AVOID CHART JUNK
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redesign exercise . . .

Nigel Holmes, TIME Magazine



COUNTER-POINT
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EXPERIMENTAL QUESTIONS

1)whether visual embellishments do in fact cause 
comprehension problems

2)whether the embellishments may provide additional 
information that is valuable for the reader

56



EXPERIMENTAL RESULTS

1) No significant difference between plain and image 
charts for interactive interpretation accuracy

2) No significant difference in recall accuracy after a 
five-minute gap

3) Significantly better recall for Holmes charts of 
both the chart topic and the details (categories and 
trend) after long-term gap (2-3 weeks).

4) Participants saw value messages in the Holmes charts 
significantly more often than in the plain charts.

5) Participants found the Holmes charts more attractive, 
most enjoyed them, and found that they were easiest 
and fastest to remember.
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What Makes a Visualization Memorable?
Michelle A. Borkin, Student Member, IEEE, Azalea A. Vo, Zoya Bylinskii, Phillip Isola, Student Member, IEEE,

Shashank Sunkavalli, Aude Oliva, and Hanspeter Pfister, Senior Member, IEEE

Fig. 1. Left: The top twelve overall most memorable visualizations from our experiment (most to least memorable from top left to
bottom right). Middle: The top twelve most memorable visualizations from our experiment when visualizations containing human
recognizable cartoons or images are removed (most to least memorable from top left to bottom right). Right: The twelve least
memorable visualizations from our experiment (most to least memorable from top left to bottom right).

Abstract—An ongoing debate in the Visualization community concerns the role that visualization types play in data understanding.
In human cognition, understanding and memorability are intertwined. As a first step towards being able to ask questions about impact
and effectiveness, here we ask: “What makes a visualization memorable?” We ran the largest scale visualization study to date using
2,070 single-panel visualizations, categorized with visualization type (e.g., bar chart, line graph, etc.), collected from news media sites,
government reports, scientific journals, and infographic sources. Each visualization was annotated with additional attributes, including
ratings for data-ink ratios and visual densities. Using Amazon’s Mechanical Turk, we collected memorability scores for hundreds of
these visualizations, and discovered that observers are consistent in which visualizations they find memorable and forgettable. We
find intuitive results (e.g., attributes like color and the inclusion of a human recognizable object enhance memorability) and less
intuitive results (e.g., common graphs are less memorable than unique visualization types). Altogether our findings suggest that
quantifying memorability is a general metric of the utility of information, an essential step towards determining how to design effective
visualizations.

Index Terms—Visualization taxonomy, information visualization, memorability

1 INTRODUCTION

The Visualization community has recently witnessed a divide over the
value and impact of excessive chart annotation and decoration (i.e.,
“chart junk”). The conventional view, promoted by visualization ex-
perts such as Edward Tufte and Stephen Few, holds that visualizations

• Michelle A. Borkin is with the School of Engineering & Applied Sciences,
Harvard University. E-mail: borkin@seas.harvard.edu.

• Azalea A. Vo is with the School of Engineering & Applied Sciences,
Harvard University. E-mail: azalea@post.harvard.edu.
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should not include chart junk and should show the data as clearly as
possible without any distractors [13, 14, 37, 38]. This view has also
been supported by psychology lab studies, which show that simple and
clear visualizations are easier to understand [11, 24]. At the other end
of the spectrum, researchers have published that chart junk can pos-
sibly improve retention and force a viewer to expend more cognitive
effort to understand the graph, thus increasing their knowledge and
understanding of the data [4, 8, 19]. However, the findings of these
studies have been widely debated [13, 14].

What researchers agree on is that chart junk is not the only factor
that influences how a person sees, interprets, and remembers a visual-
ization. Other aspects of the visualization, such as graph type, color,
or aesthetics, also influence a visualization’s cognitive workload and
retention [8, 19, 39]. To disentangle these confounding factors we set
out to answer the basic question: “What makes a visualization mem-
orable?” Clearly, a more memorable visualization is not necessarily a
more comprehensible one. However, knowing what makes a visual-
ization memorable is a step towards answering higher level questions
like “What makes a visualization engaging?” or “What makes a vi-
sualization effective?”. Recent work has shown that memorability of
images of natural scenes is consistent across people, suggesting that
some images are intrinsically more memorable than others, indepen-
dent of an individual’s contexts and biases [20]. We are interested in
understanding if these findings hold for visualizations, and what key
factors make some visualizations intrinsically more memorable than
others.

Here, we designed and executed a study to measure the memora-

COUNTER-POINT
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TAKE-AWAY

1) intuitive findings: color and human recognizable objects 
enhance memorability

2)unintuitive findings: common graphs are less 
memorable than unique visualization types
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take away . . .  
CHART JUNK? IT DEPENDS
-persuasion

-memorability

-engagement

-unbiased analysis

-trustworthiness

- interpretability

-space efficiency
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interactive legend
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Data Density =
number of entries in data array 

area of data graphic
maximize the
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SHRINK THE GRAPHICS

SMALL MULTIPLES
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SHRINK THE GRAPHICS

Bertin 1967
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SHRINK THE GRAPHICS

SPARKLINES
Tufte 2006



maximize the amount 
of data shown

69
Steve Chappel and Reebe Garofalo 
in Rock 'N' Roll is Here to Pay: The History and Politics of the Music Industry, 1977
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COUNTER-POINT
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ILLUSIONS OF VISUAL 
BANDWIDTH 

people over-predict what they will see and 
become aware of



next time…
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-assignment 12 due Tuesday


