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Egyptian fruit bat ( Rousettus aegyptiacus), also known as the 
Egyptian rousette, ranges from Africa to India. Although farmers 
who grow fruits may regard it as a pest, the species serves various 
plants by pollinating them and dispersing seeds.
Photograph by Marina Jay/Shutterstock
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 E
very morning I make my coffee and check my Twit-
ter feed for the latest COVID-19 maps and graphs. 
I examine the latest charts to understand where we 
are headed. And as a PhD candidate studying the 

ways in which numerical data can be represented visu-
ally, I also peruse the diagrams and the accompanying 
academic chatter and analyses to see how designers are 
handling the discrepancies and shortcomings in their 
data. When well designed, data visualization can often 
highlight important trends not easily conveyed by words 
and numbers alone. When dealing with a global pandem-
ic, however, it is becoming more critical for designers to 
communicate the complexity and uncertainty inherent in 

the ever-changing data. And consumers of information 
need to understand what designers—possibly teams of 
artists, statisticians, journalists, and others—know about 
the data.

Take the United States map that was posted July 15th 
on the Financial Times website [see illustration below]. 
It visualizes the number of deaths in each state as differ-
ent-size circles. Given that numbers accompanying the 
circles are not rounded (such as 767 for Tennessee and 
22 for Wyoming), I would assume the authors feel con-
¿GHQW� LQ� WKH� SUHFLVLRQ� RI� WKHLU� GDWD��%XW� JLYHQ� WKH�QX-
ances of testing and verifying the infection in individu-
als, I become skeptical when I see exact numbers such 

Visualizing Uncertainty 
What can graphics convey about the 

character of data?

By Derya D. Akbaba

Circles of different size provide a visualization of the state-by-state COVID-19 death count in the U.S. as of July 15, 2020. The sizes  
do not reveal the proportion of deaths to the populations of the different states.
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as these. My initial reaction is to check the data source.
In this case, it turns out to be the COVID Tracking Proj-

ect, a partly volunteer organization that grew out of efforts 
by journalists at The Atlantic and the founder of a medical 
YHQWXUH�¿UP��5HODWHG�6FLHQFHV��$IWHU�VSHQGLQJ�WZR�PLQ-
utes on their website (www.covidtracking.com), I discovered 
the following caveat:

5HPHPEHU�WKDW�HYHQ�GHDWK�FRXQWV�
are uncertain. . . . There are some 
concerns that official death statistics 
may overcount COVID-19 fatalities by 
assuming any patient who tests posi-
tive for the virus [and dies] was killed 
by it. But Marc Lipsitch, a Harvard 
University epidemiologist, told Fact-
Check.org that “the number of such 
cases will be small.” Undercounting is 
D�ELJJHU�SUREOHP��KH�VD\V��³$�JUHDWHU�
issue is errors in the other direction.” 
If people die from COVID-19 before 
they are tested, their death might not 
be included in the official tally.

6R��ZKLOH�LW�LV�QRW�LQDFFXUDWH�WR�VKRZ�SUHFLVH�QXPEHUV��
ZKLFK�DUH�D�UHÀHFWLRQ�RI�FRQ¿UPHG�GHDWKV��WKH�TXHVWLRQV�
remain: What are considered deaths by COVID-19? How 
thoroughly are they being tabulated? 

 A V�GLI¿FXOW�DV�LW�LV�WR�FROOHFW�GDWD�RQ�GHDWKV�IURP�&2-
VID-19, data on the rate of infection is even more 
elusive. It is logistically impossible and prohibitively 

H[SHQVLYH�WR�WHVW�HYHU\RQH�LQ�WKH�8QLWHG�6WDWHV�RQ�D�GDLO\�
basis for COVID-19. We might get a more accurate idea 
of how many people are infected if we applied statistical 
analysis to a sample of the population. But sampling intro-
duces a different kind of uncertainty.
)RU�D� VXUYH\� WR�DFFXUDWHO\� UHIOHFW� WKH�8QLWHG�6WDWHV�

population, it would have to meet certain standards, in-
cluding (but not limited to) overall sample size and and 
proportionate representation of its constituent groups. 
6WDWLVWLFLDQV� DOVR� DSSO\� PDWKHPDWLFDO� SULQFLSOHV� RI�
probability to assess the reliability of their conclusions. 
In a survey of voter preferences in a close political con-
test, for example, how confident can we be that the data 
match what would be obtained if the entire population 
could be surveyed? Numerically, the degree of discrep-
ancy might be reported as a “margin of error.” One way 
to visualize this is to show an interval of confidence [see 
illustration above].

Not only do we use statistics to describe what we know 
about the data, but we also use it for modeling and making 
predictions for, among other things, weather forecasting, 
election outcomes, and sports events [see illustration on 
opposite page]. In any of these instances, as consumers we 
VKRXOG�EH�ORRNLQJ�WR�WKH�¿QH�SULQW�DERXW�KRZ�WKHVH�PRGHOV�
are generated and visually represented.

A graphic from a website dedicated to statistical prediction conveys President Donald J. Trump’s changing approval ratings. 
Dots represent data from various polls taken from January 2017 to July 2020, while orange and green lines represent weighted 
averages of those polls—with greater weight given to polls that, based on experience and other factors, are considered more 
dependable guides. The bands in lighter colors provide 90 percent confidence intervals—meaning that nine times out of ten, 
any new poll taken at a corresponding time will fall within the ranges of the bands. The ratings end in July with 55.5 percent 
disapproval and 40.6 percent approval. Results for later in the year are projected at right, with increasing uncertainty.
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Jessica Hullman, an assis-
tant professor of Computer 
Science and Engineering at 
Northwestern University, 
and Matthew Kay, an as-
sistant professor of Infor-
mation at the University of 
Michigan, are among the 
UHVHDUFKHUV�ZKR�VSHFL¿FDOO\�
study how to visualize uncer-
tainty, from whatever source 
it comes. The two, who direct 
the Midwest Uncertainty 
(MU) Collective, have posted 
an approachable introduc-
WLRQ�WR�WKHLU�¿HOG�RQ�WKH�,Q-
ternet platform medium.com 
(“Uncertainty + Visualiza-
tion, Explained”) [see illus-
trations on next page].

About September 1, 2019, multiple 
meteorological projections of the path of 
Hurricane Dorian, when taken together, 
suggest that the hurricane, traveling from 
its location lower right, will slow over Grand 
Bahama Island (bottom circle) and not cross 
into the U.S. mainland. Such a visualization, 
called an ensemble (or, for its appearance, a 
“spaghetti plot”) may not reassure residents 
along the coast.

Hurricane Dorian, at peak intensity, 
reaches Grand Bahama Island on 

September 1, 2019. The RGB Color 
image was taken by the Advanced 
Very High Resolution Radiometer 
on board the MetOp-A satellite.
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 W hile scientists may be trained to interpret techni-
cal presentations of data, user-friendly graphics 
are usually essential for public communication. 

A simple chart can evoke emotion, convey a strong mes-
sage, and possibly prompt action. While designers are ex-
ploring and learning more about how data may be visual-
ized, consumers must remain vigilant to visual cues—and 
¿QH�SULQW²DERXW� WKH�XQFHUWDLQW\�SUHVHQW� DQG�EHFRPH�
skeptical when it is not openly acknowledged.

Derya D. Akbaba is a PhD student at the University of Utah’s 
School of Computing. Her focus is on understanding the 
role that design and technology play in assisting people to 
¿QG�WKH�LQIRUPDWLRQ�WKH\�VHHN��ZLWK�WKH�JRDO�RI�FULWLFDOO\�
H[DPLQLQJ�DQG�UHGH¿QLQJ�WKHVH�V\VWHPV��&XUUHQWO\��PLQG-
ful that COVID-19 has had an unequal impact within the 
United States, Akbaba is working on a grading system for 
state “dashboards,” the collection of visual representations 
issued by each state for their constituents. Her hope is that 
such a system will make designers more aware of the impact 
their data visualizations can have on the public’s compre-
hension of the pandemic.

Uncertainty in predicting the U.S. unemployment rate for a particular month is portrayed in three ways, all suggesting  
the actual value will fall between 3 and 4 percent. The density plot (top), with a rising and falling curve, suggests 
that the value will most likely fall near the center than the extremes. The violin plot (middle) horizontally reflects the 
density plot and uses the symmetry in shape to convey the same thing, while the gradient (bottom) uses shading to 
display the likelihood of different values.

Density plots (drawn here, unfamiliarly, sideways) indicate uncertainty in the unemployment rates that were tabulated 
each November and May, from 2007 through 2018, as well as what were projected rates for 2019 and 2020. At a 
glance, the visualization portrays an overall trend while also emphasizing the limitation of prediction (which, because  
of the pandemic, is now undeniable).
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