
FINDING INSIGHTS IN DATA
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The visual 
representation

and 
presentation

of data 
facilitates 

understanding.

Data Visualization: 
A Handbook of Data Driven 

Design 2nd Edition
Andy Kirk

selecting a chart to display the features of your data you 
think are most important 

enhancing the chart using annotation, color, composition, and 
interactivity 

comprehending the chart what has the consumer learnt, is 
the chart trustworthy 



TAXONOMY OF A VISUALIZATION

3



Scaffolding consist of…
• Title
• Sub-title
• Axis Titles
• Axis Labels
• Legends
• Measurement 
• Measurement Unit
• Scale
• Data Sources

Adapted from

Visualization = Scaffolding + Content
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The content consists of…
• How the data are or 

represented or encoded
• An annotation layer that 

can be used to clarify a 
point of interest

• In this case the data are 
represented by the 
length of a bar and 
annotation is used to 
provide the length of the 
bar
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Complete Visualization

A bar chart is a 
visualization of two 
variables, one with an 
ordinal level of 
measurement, year, and 
the other with a ratio level 
of measurement, square 
feet. 
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Complete Visualization

A bar chart is a 
visualization of two 
variables, one with an 
ordinal level of 
measurement, year, and 
the other with a ratio level 
of measurement, square 
feet. 
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Branding consists of…
• Title: black bolded
• Sub-title: grey italic 

different font than the title
• Axis Titles: grey same font 

as the title or minimal
• Axis Labels: grey same 

font as the title: minimum 
and maximum 

• Legends: annotation
• Measurement: identified in 

sub-title 
• Data Sources: identified at 

the bottom

Pew: minimal scaffold (legend, axes titles & labels)



9

Branding consists of…
• Title: black bolded
• Sub-title: grey italic 

different font than the title
• Axis Titles: same color as  

title
• Axis Labels: grey same 

font as the title
• Legends: annotation
• Measurement: identified in 

sub-title 
• Data Sources: identified at 

the bottom

FiveThirtyEight: grey background & no legend
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Branding consists of…
packing a lot of information 
either using the axes
• (2) labels - the five-

number summary
• (3) tick marks – marginal 

histograms

No grid lines

Tufte: adding additional information to the axes

Sparklines
Blue Dot = Maximum
Red Dot = Minimum

Grey Rectangle = area 
between the 

1st and 3rd quartiles

Dot Plots
(1) Dot-Dash, (2) Dot-Range frame, 

(3) Dot-Marginal histogram

(3)

(1)

(2)

(4)
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Branding consists of…
• Title: black bolded
• Sub-title: grey italic 

different font than the 
title

• Axis Titles: none or 
minimal

• Axis Labels: grey same 
font as the title: 
minimum and maximum 

• Legends: none
• Measurement: identified 

in sub-title 
• Data Sources: identified 

at the bottom

Economist: axis labels on the right



HOW VISUALIZATIONS DECEIVE
(or how to be a discriminating consumer)
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13Adapted from an article on QUARTZ https://qz.com/580859/the-most-misleading-charts-of-2015-fixed/

A tweet stated…
“   Good news: America’s high school graduation          

rate has increased to an all-time high. 

The tweet included this visualization.

The visual encoding uses height to 
represent the high school graduation rate. 
In the absence of a vertical axis the 
number of books serves as a proxy for the  
percentage of graduates BUT the 
percentage of graduates per book is not 
consistent over time:

• in 2007-08 one book = 15.000%; and
• in 2013-14 one book = 5.125%.

…by Being Poorly Designed
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Take-aways:
• Focusing on the scaffolding – in this case on the measurement scale – will help identify distortions.
• When the method of encoding is height or length start at the baseline, in this case zero.
• Although the replot using a bar chart is less dramatic, you can call attention the percentage point 

increase of 7% by using annotation. 
• When you want to show subtle changes over time us a line chart. 
• In some case you didn’t need a visualization – this might be one of them.

75%
82%

High School Graduation Rates in the U.S. 
2007 - 2014

…by Being Poorly Designed

https://qz.com/580859/the-most-misleading-charts-of-2015-fixed/



15Adapted from an article on QUARTZ https://qz.com/580859/the-most-misleading-charts-of-2015-fixed/

…by Displaying Insufficient Information

The headline of the pie chart stated: 
Look closely at this chart of federal 
spending... Somewhere within the 
tiny orange sliver at the bottom is 
the food stamp program….

A social media meme states 57% of federal 
spending goes to the military and just 1% goes 
to food and agriculture, including food stamps.
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The visual encoding uses area to display federal 
budget allocations. It fails to inform the consumer 

it is not the entire federal budget. 

The pie chart ONLY shows the discretionary 
spending and leaves out mandatory spending 

such as Medicare, Medicaid, and Social Security, 
which accounts for 60% of all government 

spending. 

The pie chart (page 23) implies food stamps are 
part of discretionary spending when in fact they 

are part of a mandatory program.

…by Displaying Insufficient Information

Federal Mandatory and Discretionary Spending

https://www.politifact.com/factchecks/2015/aug/17/facebook-posts/pie-chart-federal-spending-circulating-internet-mi/
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…by Displaying Insufficient Information

https://qz.com/580859/the-most-misleading-charts-of-2015-fixed/

Take-aways:
• If a reference to the the data source is provided 

check it out.
• If the data source is not provided (as in this case) 

ask people who have subject matter expertise that 
you trust.

• Pie charts are easy to interpret when the area of a 
slice is 25% or greater. When this is not the case a 
different visualization is advisable, for example the 
bar chart on the left. 

• The Fact-checking Day website 
(https://factcheckingday.com) is dedicated to 
teaching information literacy and may help you 
determine the trustworthiness of a visualization. 

Federal Mandatory and Discretionary Spending
The pie chart on slide 24 reconstructed as a bar chart.

https://factcheckingday.com/


18Adapted from How Charts Lie (2020) by Alberto Cairo

…by Displaying Point Measurements in Areal Units

This is a typical U.S. election map. 
The map displays the election results 
aggregated by county - counties 
where candidate 3 received the most 
votes are red, counties where 
candidate 2 received the most votes 
are grey. 

How the citizens voted or not voted 
is displayed in the bar chart. 
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…by Displaying Point Measurements in Areal Units

One solution to this is a 
cartogram, a map where the 
areal units (in this case, 
counties) are sized based on 
their population, so counties 
with more people appear 
much bigger.

The map fails to consider 
the population 

distribution. It fails to 
account for the fact that 
counties can be large in 

size but are sparsely 
populated. 

http://www-personal.umich.edu/~mejn/election/2016/
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…by Displaying Point Measurements in Areal Units

Here is another 
alternative (to the map 

on slide 29) by 
cartographer Kenneth 
Field where each dot 

(positioned 
approximately not 

exactly) represents a 
voter. Notice the vast 

areas of no dots.

https://carto.maps.arcgis.com/apps/webappviewer/index.html?id=8732c91ba7a14d818cd26b776250d2c3
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…by Displaying Point Measurements in Areal Units

Take-aways:
• Be aware – of the “modifiable areal unit problem” 

with maps – when point based measures are 
aggregated by an areal unit (for example, county or 
state). The size of the areal unit can bias the 
interpretation if the visualization does not consider 
the total number possible point measures per areal 
unit. 

• One-way points measures can be normalized to the 
areal unit is to divide them by the total number of 
possible point measures in the areal unit. For 
example, the two maps on the right the top displays 
the total number of COVID-19 cases/state, the 
bottom the total number of COVID-19 cases/million.

11/12/2020 Number of Active COVID-19 Cases

11/12/2020 Number of Active COVID-19 Cases/Million

https://coronavirus.1point3acres.com/#stat
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…by Concealing or Confusing Uncertainty

Visualizing the uncertainty in data is 
often ignored. Even when uncertainty is 
visualized it is often misinterpreted.

An exception to the visualization of 
uncertainty is ubiquitous during the 
hurricane season - the cone of 
uncertainty. 

But what is not commonly know is how 
to interpret the cone…
• approximately one out of three times 

the hurricane will be outside the 
cone. 

How Charts Lie (2019) by Alberto Cairo https://www.dropbox.com/sh/d1kb0jdrhkb43j9/AADTBfRvAh-
mxmSxBRNZpLJja/5.CHAPTER5?dl=0&preview=PDF17.PercentagesRight.pdf&subfolder_nav_tracking=1
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…by Concealing or Confusing Uncertainty

More commonly we are dealing with 
federal survey data like the American 
Community Survey (ACS) whose 
estimates come with a margin of error.

ACS estimates are based on a sample of 
the population this creates the uncertainty. 
Each time a random sample is taken the 
estimate will vary – this creates 
uncertainty in the estimate.

Each time you take a sample and calculate 
the estimate – the estimate will be slightly 

different. The variation between the 
estimates is referred to as sampling error. 

POPULATION

SAMPLE3

SAMPLE2

SAMPLE1

Estimate1

Estimate2

Estimate3
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…by Concealing or Confusing Uncertainty

The Census Household Pulse Survey is collecting data to measure household experiences during 
the coronavirus pandemic. The bar chart below displays the percentage of adults in households 
where there was food scarcity in the last seven days along with a measure of variability.

CENSUS Household Pulse Survey: https://www.census.gov/data-tools/demo/hhp/#/
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…by Concealing or Confusing Uncertainty

On the left is a bar chart that displays the percentage of households 
reporting food scarcity household with the margin of error.
The percent margin of error is 
interpreted as: if we were to 
sample AL households again the 
estimate would lie between 10.1 
and 15.7, 9 times out of 10. 

CENSUS Household Pulse Survey: https://www.census.gov/data-tools/demo/hhp/#/

12.9 ± 2.8 = [10.1, 15.7]

90% Confidence Interval
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…by Concealing or Confusing Uncertainty

https://www.urban.org/features/tracking-covid-19s-effects-race-and-ethnicity-phase-
two?cm_ven=ExactTarget&cm_cat=DAU.11.18.2020&cm_pla=All+Subscribers&cm_ite=https%3a%2f%2fwww.urban.org%2ffeatures%2ftracking-covid-19s-effects-race-and-ethnicity-phase-
two&cm_ainfo=&&utm_source=%20urban_newsletters&&utm_medium=news-DAU&&utm_term=DAU&&

OREGON
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…by Concealing or Confusing Uncertainty

Take-aways:
• You are more likely to see uncertainty reported in 

data tables than in a visualization. Even if you don’t 
see uncertainty represented in a visualization don’t 
assume it the data point is a precise representation

• One of the most challenging aspects of data 
visualization is the visualization of uncertainty. For 
example, think about how you might display 
uncertainty on a map. 

• Nearly every data set we work with has some 
uncertainty, and whether and how we choose to 
represent this uncertainty can make a major 
difference in how accurately we perceive the 
meaning of the data.
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QUESTIONS?

WE ARE HERE TO HELP!
https://datascienceforthepublicgood.com/

economic-mobility

CONTACT:
VICKI LANCASTER

Social & Decision Analytics Division
Biocomplexity Institute & Initiative | University of Virginia

Suite 2910 | 1100 Wilson Blvd | Arlington, VA 22209
val7zv@virginia.edu

QUESTIONS?

https://datascienceforthepublicgood.com/economic-mobility
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