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Information design

The intentional presentation of
information within a certain set of
constraints with the goal of aiding thought.

Data visualization

A branch of information design that
focuses on the graphical encoding and
presentation of data.
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( AI R@ Visualization design,
trainmng, and consulting

Latest book

The Art of Insight:
How Great Visualization
Designers Think

Data visualization books don't typically transport you to new worlds.
Alberto Cairg's The Art of ingipght dedves into 1The ves of numercus
designers and what has shaped them. Each chapter showcoases
stunning examples, but also life stories and the motivations that
inormed choices. | laughed, | crad, | cheered, but perhaps most
importantly, | cought glimpses of myself and my own story. —Bridget
Cogley, co-author of Functional Aesthetics for Data
Visualization and Chief Visualization Officer at Versalytix.

Order The Art of Insight

www.albertocairo.com
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Alberto Cairo

Associate Professor,
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Phone

https://com.miami.edu/profile/alberto-cairo/

‘ Open
v Visualization

Academy Home About News Articles

Open
| Visualization
Academy

by alberto catro
Coming in 2025

The Open Visualization Academy is an open source repository of

knowledge about information design and data visualization.

https://openvisualizationacademy.org/
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Consulting, training, art direction
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EPISODE ONE: Foundations of effective data visualization
Defining information design and data visualization

-xploration, exposition, explanation, expression in visualization
Why do we visualize! The basics

The grammar of graphics

"Rules’ versus decision-making

EPISODE TWO: Designing with integrity

Myths of visualization: From “A picture 1s worth a thousand words” to “the data should speak for itself”
The role of mental models

Why and when do charts “lie”, and what to do about it

A structured way for thinking about visualization and minimizing misunderstanding

EPISODE THREE: Data storytelling and creating your narrative
Structuring a layout

Building a narrative

Considering visual design

Creative visualization
What comes next in visualization?




EPISODE ONE: Foundations of effective data visualization
Defining information design and data visualization

-xploration, exposition, explanation, expression in visualization
Why do we visualize! The basics

The grammar of graphics

"Rules’ versus decision-making
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he same way that anyone can learn to write well,

anyone can learn to design and visualize well

NAVIGATING

INDONESIA’
EARTHQUAKES

Indonesia is positioned on active fault lines within the
Ring of Fire, a semi-circle of volcanoes and shifting
plates along the Pacific Ocean's edge. There have
been numerous earthquakes, volcanic activities, and
tsunamis in the region due to ongoing geological pres-
sures. In 2022, The Meteorology, Climatology, and
Geophysics Agency (BMKG.go.id) recorded 10,792
earthquakes. The severity of these earthquakes
varies, with the most intense occurring in 2004, reach-
ing a magnitude of 9.2.

What impact do earthquakes have?

Before

Bay Ismoyo/AFP/Getty Images Saget, Mahyuddin/AFP/Getty Images
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GROUPER
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Grouper are woven into the fabric of South Florida
culture and life. Regionally, grouper is one of the most
important fish commercially, recreationally, & economi-
cally. They are a heavily targeted fishery and are well
known by anglers for their impressive fighting strength
and ability to steal bait. They also make excellent table
fare with their light buttery flavor, flakey texture, and
delicate soff white meat.

In the ocean, they are curious fish and an inspiring
site to witness . They easily glide through the water with
power, grace, and speed. Every year, thounds of
snorkelers and divers visit Sanctuary Preservavtion Areas
(SPA) and other special marine protected areas that
facilitate dive tourism and offer refuge for all species of
fish to grow and reproduce without the threat of fishing.
In addtion to other sea life, grouper are a star attraction
in these areas.

Grouper populations have declined historically due
fo over-fishing, habitat loss and degredation, and poor
water quality. Though not currently considered
overfished by NOAA. They are still at high-risk of
exploitation due to those same historic threats. The three
grouper species shown are the most sought affer in The
Florida Keys.

In the map to the right, all three species of grouper
were added together and then the density values were
calculated per kilometer. For example, This means that
for the color category between 7 to 13, for a square
kilometer area over the past 23 years, there are on
average 7 to 13 grouper in that area and they could be
either Black, Gag, or Red Grouper. Exact proportions
vary from site to site, but are roughly 47.5% Black, 47.5%
Red, & 5% Gag Grouper.

GULF OF MEXICO

NOAA FLORIDA KEYS REEF VISUAL SURVEY | 1999 - 2022

he same way that anyone can |
anyone can learn to design and

earn to write well,

visualize well

Epin\ephelus morio

RED GROUPER

Source: South Florida National Coral Reef Monitoring Program (https://grunt.sefsc.noaa.gov/rvc_analysis20)
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e Sample Location - 10,015 Total
[ ] Biscayne National Park

[ ] John Pennekamp State Park - Protected

[ | Existing Management Area - Protected

Sanctuary Preservation Area - Protected

Florida Keys National Marine Sanctuary
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Antibiotic-Induced Shifts in Coral Cell Populations N2

Shara Sookhoo, Aliyah True, and Nikki Traylor-Knowles
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Summary Methods
Antlbloflcs are comrr.lonly used to treat Stony *  Incubate corals Airbrush coral to
Coral Tissue Loss Disease (SCTLD) but can with antibiotics btain cell
compromise the coral’s long-term resilience. obtatn cells
The goal of this study was to evaluate the side A ; 5__
effects of antibiotic treatment at the cellular ——ﬂtﬂ R -y -
level. This study showed that antibiotics ' .
reduce cell death and stress in the _/ \ o L
short-term. This suggests that antibiotics — [
decr.ease the pathogenic bacterial load. Future Incubate cells with 'l' Sort cells using .
studies will address the long-term effects of blue-green beads J Fluorescence Activated
antibiotics on corals at the cellular level. LysoTracker, Cell’Rox / Cell Sorting (FACS)
and DAPI

Introduction

o Coral reefs are biological hotspots and
provide many ecosystem services.

« Stony Coral Tissue Loss Disease (SCTLD)
decimated Caribbean reefs.

o Treatment with antibiotics is 95%
effectivel’! but reduces coral microbiome
diversity which lowers host resiliencel®.

e Research Motivation: Little is known
about the impact of antibiotics on corals at
the cellular level.

Figure 1: Left shows white SCTLD lesion on coral
colony. Right shows treatment of lesion margin
with antibiotic infused epoxy

Goals

To identify distinct coral cell populations and
determine whether their abundances are
impacted by the addition of antibiotics.

Discussion

+ Reduction in dead cells and cellular stress
markers (lysosomal produaction and
phagocytic  activity)  suggest  that
antibiotics have a positive effect on
corals at the cellular level.

o The next step is to determine if cell
populations have distinct microbiomes
and ascertain  whether they are
differentially impacted by antiobiotics.

o Future studies will investigate the
long-term impact of antibiotics on coral
cell populations and indetify whether
these effects can be mitigated by the
addition of beneficial micro-organisms.
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Figure 2: Corals are either exposed to antibiotics for 2.5 days (n=3) or 4.5 days (n=6). Corals are then
airbrushed to obtain cells and incubated with blue-green beads to identify phagocytes. Cells are also
incubated with LysoTracker which stains lysosomes, CellRox which stains reactive oxygen species and DAPI
which stains the DNA of dead cells. Cells are sorted into different populations based on inherent properties or
marker intensity.

Results: 5 out of 9 Cell Types are Significantly Impacted by Antibiotics
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Figure 3: 9 cell populations identified using FACS based on inherent cell properties or the intensity of the
non-specific cell markers Pl. Images taken via image flow cytometry are provided for cnidocytes.
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Figure 4: Boxplots showing the change in the significantly affected cell population due to antibiotic exposure.
p values are given for ANOVAs.
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*“...It has completely changed
the way I think about charts and design.”

Spoiler alert: Like the class that changed this student’s mind, these three
webinars aren’t about how to make visualizations.

T'hey are about how I, an individual designer, makes visualizations.



— 'T'he basics of visualization



The type of visualizations | typically design are
oraphical displays intended to enable erther
exploration, discovery, or communication
Oy letting us see what we cannot normally see.



We visualize because the human visual brain evolved to detect patterns...




We visualize because the human visual brain evolved to detect patterns...

...and the
exceptions to
those patterns.



The relationship between patterns and their exceptions Is a key principle of data exploration:
to reveal patterns and trends, but also the exceptions to them.

John W. Tukey

D=0 =lnie s o | he greatest value
ANALYSIS of a picture Is when 1t

forces us to notice
what we never
expected to see.’

John W. Tukey
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f we want to see each value, show each value...
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1 YEAR TEMP YEAR 1 SIGMA 2 SIGMA [ 878 1876 ~0.1891 1876 0.113228 0.226456 8.25297E-02 7.75207E-02

2 1000 0.0659 1000 0.240346 0.480693 0.206137 0.123588 1879 1877 ~0.0140 1877 0.113228  0.226457 8.25299E-02 7.75209E-02
1001 ~0.1241 1001 0.240347 0.480694 0.206137 0.123589 1880 1878 ~0.0873 1878 0.113228  0.226457 8.25298E-02 7.75209E-02
1002 ~0.1208 1002 0.240346 0.480692 0.206136 0.123588 |881 1879 ~0.2959 1879  0.113229  0.226458 8.25302E-02 7.75212E-02
1003 ~0.1801 1003 0.240347 0.480694 0.206137 0.123589 1882 1880 ~0.2368 1880 0.113229  0.226457 8.25300E-02 7.75210E-02
1004 ~0.0711 1004 0.240347 0.480693 0.206137 0.123588 1883 1881 -0.1977 1881 0.113229  0.226458 8.25302E-02 7.75212E-02
1005 ~0.1334 1005 0.240346 0.480692 0.206136 0.123588 1884 1882 ~0.2036 1882 0.113229  0.226457 8.25300E-02 7.75210E-02
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...but If we care more about general patterns and trends
than we care about Individual values, then we should think about visualizations

Departures in temperature (°C)
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Quarterly and monthly shares of main population groups among people
granted temporary protection, EU
(%)
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Hungary - data by age group not available until December 2024.
France - data for minors generally not included.

Source: Eurostat (migr_asytpfq, migr_asytpfm)
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Figure 3: Quarterly and monthly shares of main population groups among people granted
temporary protection EU
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Should we include all figures

have a very good reason to.

f not, it's better to

design a table.
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https://ec.europa.eu/eurostat/statistics-explained/index.php?title=Temporary_protection_for_persons_fleeing_Ukraine_-_monthly_statistics
https://ec.europa.eu/eurostat/statistics-explained/index.php?title=Temporary_protection_for_persons_fleeing_Ukraine_-_monthly_statistics
https://ec.europa.eu/eurostat/statistics-explained/index.php?title=Temporary_protection_for_persons_fleeing_Ukraine_-_monthly_statistics
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—— T'he grammar ot graphics



@_ Springer

Ao\O
s
N

w\ \'\\(\‘\(:'\ ETVIiSVZWaswoNewowZwo
PN

| RISt I sIe e
A\

u\;\\B\\)\\\\\."‘ AL R R RS LS TSN
0

. \'\--5\'.3\‘!\'-\\“ AR AL AR AL AL S
W N

N
N

A RS AL R R L
PN S i
N

Leland Wilkinson

The Grammar
of Graphics

Second Edition

ASVIR TV R NB VSR SO

™~ \‘.. \\\_‘. [ , .v':
A \\\ AN ,‘f&n"”’ ~

\‘.\. ... . ,-.l | . . . : f \- : | ‘.-
! N - > il . : , s ’

CRC Press

Taylor & Francis Group

AN A K PETERS BQOK

Visualization

Analysis & Design

Tamara Munzner




Marks

Rectangles

Circles

Trangles

Encoding data

ata visu

alization consists

of mappil

ng data onto

attributes of objects—

common

ly abstract

shapes, called “marks”.



Marks

Visual
channels

HEEE o000 AAAA

Rectangles

Height

Circles

Position

Trangles

AAAA

Color hue

Encoding data

attr

Data visL
of mappil

com

alization consists
Ng data onto

butes of object
monly abstract

S_

shapes, called “marks”.

'hese attri

butes that vary
N relation to the data are

called “visual channels’’.



the

trut
art

hful

data, charts, and maps
for communication

alberto cairo

y'hrnyrﬁnxcuw wace Soncol of jow nuv-.
e ﬂbqﬁhﬁh Whowr o S

Length or height

A
B
C
D
E A B CDE
Postition Area
A . ;
B o A g ¢
C o
D © | D E
E o
Angle/area
201 n
A B
Hue and shade
I B I
A B C D E
- P 1
A B C D E

MmO Q ®m »

Encoding data

Data visualization consists

of mapping data onto

D attributes of objects—
commonly abstract

shapes, called “marks”.

hese attributes that vary
In relation to the data are

called “visual channels”.

Figures represented
in all these graphics:
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What visual channels do you see here!

Political groups: size,
composition by country and e
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Selected date : 10th term - October 2025
ECR (79) Members by group

This graph details the composition of the European Parliament for the selected legislative term. Greens/EFA (53)

Move your mouse over any political group; you will be shown the share that the MEPs of that
group represent in terms of the total number of MEPs. If you select a political group, you will

see the MEPs of that group, divided by Member State. By clicking on a given country, you will

see the number of national political parties within the selected political group and Member : (75)
enew
State. A final click on the graph will display the names of the MEPs belonging to that national

political party in that Member State. EPP (188)

Three question marks means there are no data for the given item.

Source: European Parliament
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https://facts-and-figures.europarl.europa.eu/snapshot/term-10/current

What visual channels do you see here!?

Persons aged 18 years and over at risk of poverty or social exclusion, by citizenship, EU, 2020 -
2024
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Something I hear often:

—— “OK, let’s cut to the chase:
What are the rules of data visualization?”



Visualization is similar to writing in many ways.
First, It's based on a vocabulary and a grammar.

Second, there are few ‘“rules’ that are set in stone and that can be

memorized when it comes to designing visualizations. It’s not that easy!
Like writing, this Is a craft takes time, dedication, study, and practice to master:

Third —again like writing— visualization can be used for many purposes:
Communication, reasoning, exploration, or even artistic expression.



-- -

~ALBERTO CAIRO ——_—
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Visualization design consists of reasoning about possible
choices by considering the interplay between:

|. Content: The nature, origin, and limitations of the data.

2. People: Your audience.
3. Intent: The purpose(s) that we define.

4. Constraints: The limitations that we may face.
5. Outcomes: How the graphic Is recelved.

Every design choice must be deliberate.
[t I1s Inevitably subjective, but it should never be arbitrary.




Aside: Reading recommendation

A digital publication that...
creates visual essays with data
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nyc street view
What if you could search every visible word on New
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kids book animals

How and why do we gender animals in stories?

https://pudding.cool/



https://pudding.cool/

Aside: Reading recommendation

Polygraph

Polygraph is a studio composed of the same team behind The Pudding.
We’re your favorite in-house data journalism team, with an eye for translating complex
information into visual content.
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A good exercise: To reverse-engineer existing visualizations
It | were the designer who created this, what choices would lead me to this solution?”

How Diverse Are US Newsrooms?

The Newspaper Diversity Survey measures the percentage of women and minorities
working in US newsrooms. The results from 2018’s survey are in.
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80% Average: 50/50 80%
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The Newspaper Diversity Survey measures the percentage of women and minorities 00 00 O 0 MOOOTD OO I
working in US newsrooms. The results from 2018's survey are in

Gender Race 2018 Results Leadership 2001 Vs. 2018: Top Newsrooms Overall Change My Newsroom

NEWSROOM GENDER BREAKDOWN

Designing information graphics and
data visualizations doesn't consist of

applying rules, but of reasoning
about choices, and justifying them.

-very choice In design Is subjective,
and therefore debatable,
but 1t should never be arbitrary.
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How Diverse Are US Newsrooms?

The Newspaper Diversity Survey measures the percentage of women and minorities
working in US newsrooms. The results from 2018's survey are in.
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working in US newsrooms. The results from 2018's survey are in.
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—— Reasoning based on our intent



Learning objectives framework

[ he reader willl [verb|{noun]

Papers by

“Isie Lee-Robbins et al. https://elsieleerobbins.com/publications.ntml

Communicative Visualizations as a Learning Problem

Eytan Adar and Elsie Lee
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Fig. 1. The extended Bloom Taxonoceny (left) and a visualization of the Phillips curve (right) [32]. Learning objectives, and visual support foe

them, fink the two images.

Abstract— Significant research has provided robust task and evaluation languages for the analysis of exploratory visualzations. Undortumately,
thess taxonomies fall when applied % communicative visualizations. Instead, designers often rescrt 1o evaluating communicative visuakzatons
from the cognitive e¥iciency perspectve: “can the redipient accurately decode my message/insight?” However, designers are unkkely %o be
satisied i the message went in one ear and out the other.” The consequence of this inconsistency is that it is difficuk 1o design or select
betwoen competing options in a prindipled way. The peoblem we address is the fundamental mlamatch betwoen how desigrers want 1o
describe their intent, and the language they have, 'We argue that visualzation designers can address this Imitation theough a leaming
lens: that the recipient is a student and the designer a teacher. By using leaming objectives, designers can better define, assess, and
compare communicative visualizaions. We llustrate how the learning-based approach peovides a framework for understanding a wide amay
of communicative goals. To understand how the kamewark can be applied (and its imitations), we surveyed and Interviewed members ol
the Data Visuallzation Society using thelr own visualzations as a probe, Through this study we ideralied the broad range of objectives in
communicative visualizations and the prevalence of certain objective types.

Index Torms—Leaming cbjectives, communicative visualzation, visualzation design

Communicative visualizations represent the balk of exposure any in-
divikiual has 1o visualizations. We experience the messages of data
Journalists, scientists, instructors, designers, and analysts as chasts,
graphs, and in many other forms. In each case, the persoa creating the
visualization or context (the thing—a paper, anticlke, etc.—In which the
visualization was embedded) has a specific et of intents. The intents
are as unigue as the visualizastions with which they are associated: A
Joumalist may seck toexplain an insight: a scientist or analyst to convey
evidence or 8o suppaort a decision; an Instructor 1o feach the relationship
between two interacting chemicals, The main question we tackle here
ks: how do we formally describe communicarive intent in visvaliza-
tions? We propose (hat using cognitive learning objectives as 4 frame
will encourage a better way of building communicative visualizations.

With apologies 10 Bloom [ 3], learning objectives mxy help address
our problem because they are, “explicit formulations of the ways in
which [viewers (1c., students)| are expected o be changed by [com-
municarive viswalizarions (1.e., the educative process)].” In their rode
as ‘educational tols”, comemunicative visualizations must be designed
s “istentional and reasoned act{s]” [9). Doing 5o requires a formal
hanguage 10 allow a designer to explicitly formukase their expectations
and Insents,
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Given the prevalence of advice and taxonomices for visualization de-
sigmers, it is worth asking why we even need such an “intent lunguage?'
Significant literature already exists 10 ensure that our viewer can read
our encoding of data accurately and effectively—a success, if that was
really the designer’s intent, However, knowing that the visualization
will suppost finding X, or the encoding will allow the viewer o accu-
ralely decode Y, is poor proxy foe knowing if the visualization satisfied
our communicative insent. A designer would not, and shoald not, be
satisfied if the message was, ‘in one car and out the other” Knowing
the message was communicated clearly and interpreted accurately may
be necessary, but is not sufficient.

Existing task and evaluation taxonomies are not refined enough to
describe the intent behind 2 commaunicative visualization, Take as a
simple example the pkot in Figure[Jwhich we may encounter reading
a technical paper, webpage. or textbook. The plot shows the Sum
of Squares Distances between entities as a function of the number
of clusters, It is used in k-means clustering for the “elbow method’
of determining an optimal & [34] (roughly, that coe should pick the
number of clusters where there 15 a “kKink' in the plot, e.g., 4 clusiers).
The plot in our context is communicative-it was produced by someone
else to tell us, the readers, “somerhing’. That ‘something” refiects the
designer's many possible intents. This may be to convince us that a
choice of k = 4 was comrect; 1o relay the insight that 4 was significantly
betier than £ = 3 or & = 5; to critique a bad choice of &2 to teach us what
the term ‘elbow’ means; to demonstrate how to read or create a plot
suilable for an ¢lbow method analysis; Lo contrast it to an alemative
(e.g., the silbovetie plot, Fig. BB): or to kead us 10 create aliematives.

All these are possible-in fact, Hkely—intents. But how does the
designer know that the visualization is successful? The mechanisms for
evaluating are as varied as the intents: Can the viewer recall which k
was picked? Can they define an elbow poist? Can they read & new plot?
Can they produce a similar plot for thelr own data? Can they critique

Learning Objectives, Insights, and Assessments:
How Specification Formats Impact Design

Elsie Lee-Robbins, Shiging He, and Eytan Adar

Learning objective Insight Assessment
Summarize the relationship There Is a linear relationship Q: What Is the relationship
between koss of employee and between loss of employee and between employment and sales?
loss in sales across different loss in sales across different A: There exists a linear relationship
Industries due o COVID-19. Industries due to COVID-19. where a loss of sales results In a
loss of employment.
Most proferred
MOSA prefecred oasign Most praferred
gesign dasign
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Fig. 1. Example of three specifications (learning objective, insight, and assessment) with the most preferred visualization design
dentdiod for each specification, The seven visualization designs ame ordered from mast effoctive 1o kast effoctive.

Abstract— Despite the ubiquity of communicative visualizabions, speciying communicative intent during design s ad hoc. Whethar we
are sadecting from a sal of visualizaions, COMMISSIONING SOMeone 1o produce them, or creating them ourseives, an effective way of
specifying intent can help guide this process. Ideally, we would have a concise and shared specfication language. In provious work,
we have argued that communicative intents can be viewed as a leaming/'assessmant problem (Le., what should the reader learn and
what test should they do well on). Learming-based specification formats are linked (e.9., assessmants are derived from objectives) but
some may mare eflectively specity communicative intent, Through a large-scale experiment, we studied three specification types:
learning objectives, insights, and assessments. Paricipants, guided by ona of thase spacifications, rated thair preferences for a set of
visualkzation designs. Then, we evaluated the <ol of visualization designs 10 assess which specificasion led particpants 1o prefer the
most etfective visualizations. We find that while all specification types have banefits over no-spacification, each format has its own
advantagas. Our results show that leaming objective-based specifications helped participants the mos! in visualization selection. We
also identify situations in which specifications may be insufficdent and assessments aro vital

Index Terms—Communicative visualization, evaluation, visualization specification.

1 INTRODUCTION

Communicative visualizations arc omnipresent. They exist in every-
thing from news asticles to scientific papers and from Web pages to
television broadcasts. The people involved in the visualization design
process must make design decisions based on their inlents or goals.
Unfortunately, most design guidelines do not connect commumnicative
intent 10 the actual design. Instead, there is a significant amount of
information on what makes communicative visualizations cffective
perceptually, focusing on making the visualization readable. However,
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this low-level information often fails to account for what Kind of impact
people would ultimately like to make: to influence the viewer cogni-
tively (i.e., 1o have them learn something) or affectively (e.g., to have
them believe something) [1.23).

Cusmrent design lierature is often blased towards low-kevel cogni-
tive efficiency [7,17,36,37 40]. This literature is built on significant
academic foundations [38) that have alkowed us to identily which encod-
ings can be read accurately and quickly. However, if designers only rely
on cognitive efficiency evaluation methods, such as how fast a viewer
can decode the visualization, they might fail to consider higher-level
communécation goals for what they want their reader to be able to kmow
or do. In most instances, being able to read the viswalization is only the
first step and may not even be the most crucial [12,25). A designer may
also want the viewer 1o remember the message, take personal action,
or generate hypotheses, If the reader only reads the visualization but
docs not take any of these next steps, it would not be considered a
good design. In addition to focusing on low-level cognitive efficiency,
identifying higher-level communicative goals would benefit everyone
imvolved in the design process.

Affective Learning Objectives for Communicative Visualizations

Elsie Lee-Robbins and Eytan Adar

Abstract-—When designing communicative visualzations, we often focus on goals that seek to corvey patierns, relaions, or comparisons
{cognitive learning objectves). We pay leas atlention 1o affoctive interts-those that seek 10 influence or leverage the audience's opinions,
atttudes, or vakues In some way, Allective obljectives may range in cutcomes from making the viewer care about the subject, strengthoning a
e on an opinkon, of leading them 10 take further action. Becauso such goals aro olen considated a viclation of perceived ‘neutrality’ or
are ‘political’ desigrers may resist or be unable 1o describe thess inents, lot alone formalize them as learning objectives. While there are
notable exceptions-such as advocacy visualizations or persuasive cartography-we find that visualization designers rarely acknowledge or
formalze aflective objectives. Through imerviews with visualizaion designers, we expand on prior work on using learning objectives as a
framework for describing and assessing communicative intent. Specifically, we extend and revise the framework 1 include a set of allective
learning objectves. This structured taxonomy can help desigrers identfy and declare their goals and compare and assess designs in a more
princpled way. Addtonally. the taxonomy can enable extermal critique and analysis of visualizations. We ilustrate the use of the taxonomy

with a critical analysis of an aflective visualization.

Index Terms—ABecive visuakzation, communicative visualization, learning objectives.

+

1 InTRooucTion

Data visualization designers often emphasize their goal of conveying
facts, insights, comparisons, and pattems (o their audience through
communicative visualizations, Goals of this type are commonly viewed
as ‘cognitive objectives’ (e.g., recall thal group X's unemployment
is greater than group Y's). By modeling the designer as ‘teacher”
and viewer as “student’ it is possible 1o state Intents as keaming ob-
Jectives [1]. Using a leaming objectives framework, a designer can
explicitly state their objective (¢.g., “the viewer will analyze the impact
of different policy “bundies’ on global temperatune™) and assess whether
a visualization successfully supports this calcome. Most attention in
the data visualization field—both from researchers and practitioners—
focuses on the cognitive domain. However, data visualization prac-
titioners also have goals that go beyoad the cogaitive domain—they
want thelr andience 10 have a reaction oF & response 1o thelr visualiza-
tion. For example, a designer may want their viewer Lo consider that
Obamacare is a bad system if they show a chaotic diagram [37] (or a
good one if they show an organized one [61]), The cognitive intent
becoemes limited in these visualizations: the designer doesn’t meed the
viewer to remember how Obamacare works or critique its particular
features. Rather, the designer may want their audience 1o agree with an
appraisal (¢.g.. Obamacare is bad). accept an attitude (¢.g., haspitals
should be for-profit), or believe in a valoe (¢.g.. small government).
These goals are affecrive intents, and cognitive learning objectives do
not cover them.

Affective Intents are most obvious in data visualizations that ase
created for advocacy reasons. With these, designers are clearly trying
10 raise awareness of have a call 1o action. Advocates 1or a cause ane not
trying 10 hide the fact that they are taking these positions and that they
want you 1o care about their cause too. The visualization "U.S. Gan
Deaths”™ created by Periscopic is a very clear example of an affective
visualization [64) Among other features, the visaalization animates a
tally of "stolen years' due 1o gua violence. The cognitive aspect of the
visualization—how many people were killed—is important, but not the
maln takeaway of the visualization. Periscopic co-founder Kim Rees
reflects, “We nead people to react. We need people to sort of get riled
up abowt thimgs. get excited about things, and want to make change in
the world™ ( [72), 5:30). At a minimum, the goal of “U.S. Gun Deaths”
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Is to create imierest in the topic. Ideally, the visualization will evoke
cmpathy within the audicece for the viclims. The affective response,
not the cognitive component, is the main intent of the visualization,

However, even in domains other than advocacy and social justice,
designers have affective goals. They want the viewer to care about the
topic, strengthen an attitude, or take funber action. A visualization
of a family tree might have you consider your own family ties. A
visualization abowt sheep patterns might dead you 1o value sleep. A
visualization about blood donations might inspire you to donate blood.
Unfortunately, becawse of the kack of atiention in this area, designers
may not even realize or consider that they have affective goals. Given
the focus on “neutrality” (or related concepts), persuasive data visual-
Lzatlons are often controversial, which might make designers try to hide
the fiact that they have affective goals. Even if a designer acknowlodges
that they have affective goals, they may not have the vocabulary or
framework 1o articulate their goals.

In this paper, we extend our previous research om cognitive leaming
objectives 1o the affective domain, adapting the affective taxonomy
from the education realm to work for data visualizations, We coa-
ceptualize affective intents as goals regarding an audience’s reaction
Of response 10 appraisals, attitades, or values. We begin by adapting
the (so-called) Bloom's affective taxopomy [43) to provide a frame-
work for commumicative data visualization intent. We conducied an
Interview study to keam more about data visualization practitioners’
affective goals, how they conceptualize their intent, and how they coald
use learning objectives. Based o this study, we revised the affective
taxonomy to betier align with visualization intents, A language for
describang atfective intents will not only benefit desigmees, but will also
enable new kinds of critique. We also draw a distinction between affec-
tive rhetorical sechnigues (1e,, ‘pathos”) in contrast to affective intents.
Specifically, we contribute: an affective leaming objectives taxonomy
for dala visualization, a qualitative analysis of an interview study of
12 designers, and a critical analysis of an affective visualization with
associated learning objectives to illustrate the taxononmy’s use. Data
visualization designers will be able to apply this framework to their
own work 10 consider their affective intents.

2 Bacxomrouwo

Data visualizations are not neutral, even though designers and viewers
might want them to be, To create a data visualization, designers must
make chosoes that will shape how the audience will interpret the data
Intentionally or unintentionally, designers have biases, backgrounds,
and personal opinioas and preferences that will influence their design
decisions. Stralegically, designers employ logical (logos), emotional
(pathos). and credibility (ethos) clements that are designed to evoke
emotion in the andience (e.g.., visual imagery). In many cases, these
pathos-based techniques, ssch as humanizing data, coincide with trying
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—— An example of decision-making
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Take two companies, Company A —our client; CO M PANY B
the one suing—and Company B—the one COM PANY A

being sued.

Beginning in January of 201/, Company B 3% 2017

manufactured certain components for products
(machinery) produced by Company A. For a

while, fewer than 0.5% of these components 30%
were defective.

A
25%
20%
Percentage
of defective
components
| 5%
1 0%
A\
5%
0%
|||||||||||||||||||||||||||||||||‘|||||||||||||||||||||||||||||||||
JAN 2017 JAN 2018 JAN 2019 JAN 2020 JAN 202 | JAN 2022

< Build date of components >




Between mid-2018 and early 2019, a substantial
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Would our side have been
as persuasive as it was
without the charts?




Visualization:
Layers and
elements

to think about

The nature of the data to
be visualized influences
everything else
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Foundations of Effective Data Visualization

1'hank you!

Alberto Cairo
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