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Introduction




Everywhere but not so simple

e Datavizis everywhere

e We work with data, we routinely (need to) visualize it

Seems pretty simple, we all know how to make graphs

Sure BUT there are a few things we need to think about when visualizing data

Once you pay attention to data viz, it is fun, instructive and satisfying!



Data viz can be obviously deceptive
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https://www.reddit.com/r/dataisugly/comments/1cc4rbn/crushing_victory/
https://www.reddit.com/r/dataisugly/comments/1cc4rbn/crushing_victory/

..or difficult to interpret

On which day was there a bigger difference in revenue between A and B?
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product B
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https://ieeevis.org/year/2024/program/paper_v-short-1081.html
https://ieeevis.org/year/2024/program/paper_v-short-1081.html

They can be memorable and insightfull

Average PM 2.5 concentration in Paris
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https://www.washingtonpost.com/climate-solutions/2025/04/12/air-pollution-paris-health-cars/
https://www.washingtonpost.com/climate-solutions/2025/04/12/air-pollution-paris-health-cars/

..and also beautiful


https://www.openstreetmap.org/copyright
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Usefulness and importance




Types of graphs

Graphs to explore

e Analyze

e Confirm

They have different goals and audiences

Graphs to explain

e Inform

e Convince
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Explore: make sense of your data

Data often contain patterns; data viz can be tremendously helpful to identify them
But need to look at your raw data
That’s the role of the exploratory data analysis (EDA)

It may also help you formulating hypotheses (to test on other data sets)
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Look at your raw data

Anscombe's quartet
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Same relation, different patterns
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Look at your raw data

0.9 1

Response
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Some plots (or summary statistics) help summarize but can also hide information

o
o
A

group1: mean = 0.93; sd =1
group2: mean = 0.98; sd = 0.93

I

grolup1

They are the same!

P = 0.76 (t test)

g rolu p2

Response

group1: median = 0.95; IQR =1.5
group2: median = 0.62; IQR =1

grolup1 grolup2
Group

Hmmmmm...
P = 0.78 (Wilcoxon rank sum test)

group1: median = 0.95; IQR =1.5
group2: median = 0.62; IQR =1

Response
N

grolup1 grolupz
Group

OH!!!
P = 0.037 (Kolmogorov—Smirnov test)


https://github.com/cxli233/FriendsDontLetFriends
https://github.com/cxli233/FriendsDontLetFriends

Explain: communicate your results

Country ISO 2020 2020 2025 2025 Region Pattern
Ranking Ranking

Afghanistan AFG 62.30 122 17.88 175 Asia- Lower
Pacific

Albania ALB  69.75 84 58.18 80 EU& Lower
Balkans

Algeria DZA 5448 146 44.64 126 MENA Lower

Andorra AND 76.77 37 63.30 65 EU& Lower
Balkans

Angola AGO 66.08 106 52.67 100 Africa Lower

Argentina ARG 71.22 64 56.14 87 Americas Lower

Armenia ARM 7140 61 73.96 34 EECA Higher

Australia AUS 79.79 26 75.15 29 Asia- Lower

Pacific




Getting your point across

Press freedom freefalls

Average scored plummeted 10.5 points globally. This chart highlights the 10
countries with the sharpest increase or decrease
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Source: Reporters Without Borders » Made with Flourish
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https://app.flourish.studio/visualisation/24021917/edit
https://app.flourish.studio/visualisation/24021917/edit

Data viz as a rhetorical tool

Population Against GDP per Capita

log(gdpPercapita)
S

20.0

log(Population)
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Data viz as a rhetorical tool

Within Country Population Against GDP per Capita
For a subset of countries

== Taiwan Thailand Trinidad and Tobago =e= Turkey

== Tanzania Togo == Tunisia NA

log(gdpPercapita)
S

,\
I

12.5 15.0 17.5 20.0

log(Population)
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The power of data viz

We can easily see patterns presented in certain ways, but if they are presented in other ways,
they become invisible |..]

Following perception-based rules, we can present our data in such a way that the important
and informative patterns stand out. If we disobey the rules, our data will be incomprehensible

or misleading.

Ware, C. (2012). Information Visualization, Third Edition: Perception for Design
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Data viz can be misleading

We have briefly discussed that before
e Thereis a breadth of ways in which they can be misleading

e Charts can be wrong. They can also be correct BUT misleading

See Defense Against Dishonest Charts on Flowing Data
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https://flowingdata.com/projects/dishonest-charts/

Map projections

MERCATOR
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CJL_ Gerardus Mercator - 1569

BS_I_Z Arthur H. Robinson - 1963
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https://whereexactlymaps.com/blogs/articles/an-introduction-to-map-projections
https://whereexactlymaps.com/blogs/articles/an-introduction-to-map-projections
https://whereexactlymaps.com/blogs/articles/an-introduction-to-map-projections
https://whereexactlymaps.com/blogs/articles/an-introduction-to-map-projections

Cutting O on the y-axis

Shut up about the y-axis. It shouldn't always start at zero.
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https://www.youtube.com/watch?v=14VYnFhBKcY

Key data viz principles




Theory

e Thereis actually a lot of theory behind data viz:
= Perception,
= Colors,
= Design,
= etc
e Worth learning about it and being aware of key principles

e |Leverage it to make better data viz
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Perception

Ebbinghaus illusion

24


https://en.wikipedia.org/wiki/Ebbinghaus_illusion
https://en.wikipedia.org/wiki/Ebbinghaus_illusion

Relative differences matter

Law of simultaneous contrast
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https://en.wikipedia.org/wiki/Contrast_effect
https://en.wikipedia.org/wiki/Contrast_effect

Gestalt principles

e How our brain interprets what we
see

e How it organize visual
information

e How we group elements together

e Use them to highlight some
patterns and downplay others
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Sketchplanations
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https://sketchplanations.com/gestalt-principles
https://sketchplanations.com/gestalt-principles

Data-to-ink ratio

e |ntroduced by Edward Tufte
¢ |n anutshell: avoid clutter

e Erase non-essential and
redundant information

e ‘Above all else show the data”

e Sometimes good to break these
rules
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A VAN
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SIECON DEEDTFI@IN

The Visual Display

of Quantitative Information

EDWARD R. TUFTE
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https://www.edwardtufte.com/book/the-visual-display-of-quantitative-information/
https://www.edwardtufte.com/book/the-visual-display-of-quantitative-information/

Data-to-ink ratio

, , data ink
data-ink ratio = ,
total ink on graph
15% 15% — i i I
10% [ 10%i I i i I I i i
| 5/IIIIiIIII

Jan Feb Mar Apr May Jun Jul Aug Sep Jan Feb Mar Apr May Jun Jul Aug Sep
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https://infovis-wiki.net/wiki/Data-Ink_Ratio
https://infovis-wiki.net/wiki/Data-Ink_Ratio
https://infovis-wiki.net/wiki/Data-Ink_Ratio
https://infovis-wiki.net/wiki/Data-Ink_Ratio

Graph aesthetics

e Why make nice looking visualizations?

e Totrigger interest, to intrigue, to catch the eye
e That affects how people perceive information
e Nice looking visuals may be more memorable

e |nthat sense, not everythingis chartjunk
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Pretty and memorable
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https://x.com/researchremora
https://x.com/researchremora

Engaging the audience
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https://medium.com/accurat-in-sight/beautiful-reasons-c1c6926ab7d7
https://medium.com/accurat-in-sight/beautiful-reasons-c1c6926ab7d7

Graph aesthetics in academia

e Pretty graphs are useful in data journalism and so on, but what about academia?

e They are also only more pleasing to look at, they also make readers want to engage more
with them

e Maybe better to keep the design rather minimalist
e Pretty does not always mean non-simple. Simple graphs have value.

e Opinion on credibility partly based on aesthetics

“This paper did not receive the care it deserved” comment given to a now senior
researcher when they submitted a paper with a sketchy graph
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https://www.datawrapper.de/blog/in-defense-of-simple-charts

Credibility and aesthetics

VIOLET S. MANGANESE

5419 HOLLYWOOD BLVD. STE. €731, LOS ANGELES CA 90027 (323) 555-1435 VIOLET @GMAIL.COM

Education

UCLA Anderson School of Management

August 2011 to June 2013

< Cumulative GPA: 3.98

<+ Academic interests: real-estate financing, corporations, money
<+ Henry Murtaugh Award

Hartford University

September 2003 to June 2007

<+ B.A.summa cum laude, Economics

<> i kin hysics, Statistics
¢ Van Damme Scholarship

Business experience

Boxer Bedley & Ball Capital Advisors

June 2008 to August 2011

Equity Analyst

<+ Performed ind research on American industries, including:
< Steelmaking, croquet, semiotics, and butterscotch manufacturing

< Led company in equities analyzed in two quarters

Other work experience

Proximate Cause

June 2007 to May 2008

Assistant to the Director

< Helped devise isi igns for this i ive nonprofit
<+ Handled lunch orders and general errands

Hot Topic

February 2004 to March 2006
Retail sales associate

< Inventory management
<« Training and recruiting

Skills and interests

<+ Fluent in Mandarin, Esperanto; conversational knowledge of Gaelic
< Writer of U.S. Senate-themed fan fiction

<+ Ocean kayaking and free diving

<+ Travel, cooking, hiking, playing with my dog

< Ceramics

< Backgammon

< Making paper planes

Los Angeles, California

Cambridge, Massachusetts

New York, New York

Los Angeles, California

Boston, Massachusetts

TRIXIE B. ARGON

5419 HOLLYWOOD BLVD STE C731, LOS ANGELES CA 90027
(323) 555 1435 TRIXIEARGON @ GMAIL.COM

EDUCATION

UCLA Anderson School of Management 2011-13
+  Cumulative GPA: 3.98

+  Academic interests: real-estate fi criminal p dure, corp

+  Henry Murtaugh Award

Hartford University 2003-07
*  B.A. summa cum laude, Economics

« E i k in Astrophysics, Statistics

*  Van Damme Scholarship

BUSINESS EXPERIENCE

Boxer Bedley & Ball Capital Advisors 2008-11
Equity analyst

*  Performed independent research on numerous American industries, including:

+  Steelmaking, croquet, semiotics, and b h ing

*  Led company in equities analyzed in two quarters

OTHER WORK EXPERIENCE

Proximate Cause 2007-08
Assistant to the director

*  Helped devise fundraising campaigns for this innovative nonprofit

* Handled lunch orders and general errands

Hot Topic 2004-06

Retail-sales associate
«  Top in-store sales associate in seven out of eight quarters
+  Inventory management

¢ Training and recruiting

ARGON RESUME — PAGE 1 OF 2
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https://practicaltypography.com/why-does-typography-matter.html
https://practicaltypography.com/why-does-typography-matter.html
https://practicaltypography.com/why-does-typography-matter.html
https://practicaltypography.com/why-does-typography-matter.html

“Originality” VS “familiarity”

e Original graphs may trigger interest
e Familiar graphs may convey the point more easily
e My take:
m Use the best type of graph, regardless of its originality/familiarity

m |f itis different from what people are used to, make it easy to read

34



Building a graph




Know what chart types exist

e Know what is possible to do to find what you need
e Know graph names (to search the internet regarding how to code them)
e Refer to existing graph (type) galleries:

= Data Viz Project

= Flowing Data - Chart type

m Dataviz Inspiration

= R graph gallery

36


https://datavizproject.com/
https://flowingdata.com/chart-types/
https://www.dataviz-inspiration.com/
https://r-graph-gallery.com/
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FAMILY INPUT FUNCTION SHAPE
(HTTPS://DATAVIZPROJECT.COM/)
(https://datavizproject.com/)
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(https://datavizproject.com/data- (https://datavizproject.com/data- (https://datavizproject.com/data- (https://datavizproject.com/data-
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https://datavizproject.com/data-type/alluvial-diagram/
https://datavizproject.com/data-type/sankey-diagram/
https://datavizproject.com/data-type/line-chart/
https://datavizproject.com/data-type/donut-chart/
https://datavizproject.com/data-type/bar-chart/
https://datavizproject.com/data-type/polar-area-chart/
https://datavizproject.com/data-type/circular-bar-chart/
https://datavizproject.com/data-type/exploded-view-drawing/
https://datavizproject.com/
https://datavizproject.com/

Steps to choose a chart type

What do you want to show in your graph?

What is the main message you want to convey?

With the same data, you can:
= Tell alot of different stories

= Emphasize different points

Making a graph = choosing a lighting for your data

38



1 dataset, many graphs, many stories

ALL
TORY PROPERTY
n ere (HTTPS://100.DATAVIZPROJECT.COM/) STO ©

(https://100.datavizproject.com/)

1 dataset 100 visualizations

Can we come up with 100 visualizations from one simple dataset?

As an information design agency working with data visualization every day, we
challenged ourselves to accomplish this using insightful and visually appealing
visualizations.

We wanted to show the diversity and complexity of data visualization and how we
can tell different stories using limited visual properties and assets.

Number of World Heritage Sites

SHAPE
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https://datavizproject.com/
https://100.datavizproject.com/
https://100.datavizproject.com/

Type of relationship to

In your graph, you may want to show a:

e Distribution .
e Evolutionover time .
e Magnitude o
e Part of awhole .

Ranking

show

Geographical patterns
Flow
Correlations

Deviation
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https://github.com/Financial-Times/chart-doctor/tree/main/visual-vocabulary
https://github.com/Financial-Times/chart-doctor/tree/main/visual-vocabulary

Example data

country vyear lifeExp
France 1952 67.410
France 1957 68.930
France 1962 70.510
France 1967 71.550
France 1972 72.380
France 1977 73.830
France 1982 74.890
France 1987 76.340
France 1992 77.460
France 1997 78.640
France 2002 79.590
France 2007 80.657
Japan 1952 63.030




A concrete example

80-

70-

lifeExp
3

50-

40-

1950 1960 1970

1980
year

1990

2000

country
France
Japan

Niger
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Legible text
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Title, clear axis labels and source

Life expectancy is still much lower in Niger than in France or Japan

Evolution of average life expectancy at birth
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Scale of the y-axis

Life expectancy is still much lower in Niger than in France or Japan
Evolution of average life expectancy at birth
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Stylize
Life expectancy is still much lower in Niger than in France or Japan
Evolution of average life expectancy at birth
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80

60

50

Life expectancy at birth, in years

40

1950 1960 1970 1980 1990 2000
Source: Gapminder

47



An alternative story

Life expectancy at birth increased sharply in Niger since 1980

Evolution of an average life expectancy at birth index

== [rance

base 100in 1952

Life expectancy at birth index,

150

140

130

120

110

100

1950

1960

1970

1980

1990

2000
Source: Gapminder

48



Graphs in an oral presentation

e Explain orally what your graph represents!
= What is on the x-axis?
= What is on the y-axis?

= What is the message you want to convey?
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Avoid using many different colors

If need more than 7 colors or so:

e Use another graph e Group categories together

NOT IDEAL

BETTER

NOT IDEAL

BETTER
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Use intuitive colors

Life expectancy is still much lower in Niger than in France or Japan
Evolution of average life expectancy at birth
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Colorblind-friendly visualizations

NOISIA TVINYON

NOISIA TVINYON

VIidONVY31lNn3da

VIidONVY3I1lNn3da

VIdONVLOYd

VIdONVLOYd

BETTER

NOT IDEAL
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Use gray. Emphasize.

Life expectancy in France, Japan and Niger as compared to their own continent
Evolution of average life expectancy at birth, by continent
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Label directly

Life expectancy in France, Japan and Niger as compared to their own continent
Evolution of average life expectancy at birth, by continent
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Order your data

Life Expectancy in Europe
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Data viz caveats

CAVEATS

A collection of dataviz caveats by data-to-viz.com

Show all Top 10 Improvement Misleading Map Bar

006 6
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Sometimes you may brea

Anti-EU parties cluster at ideological extremes, whereas pro-EU ones are centrist

European Parliament political parties and groupings
By ideology and position on the EU

Party name —@ —— Parliamentary grouping 2019 election, provisional results, seats ()10 O 20
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Sources: Chapel Hill Expert Survey (2014/2017); ECFR; European Parliament

k the rules

9 colors

BUT

e Labeled directly

e Shade reinforces grouping

57
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Nice data viz

Vaccines reduced measles cases across US states

1971: The measles-mumps-rubella
(MMR) vaccine is developed by
Maurice Hilleman

1980: It becomes mandatory for children

1963: The first measles vaccine entering kindergarten to be vaccinated
is developed by John Enders — against measles
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Data source: Project Tycho (2018); Centers for Disease Control and Prevention (1959-2022)
OurWorldinData.org — Research and data to make progress against the world’s largest problems. Licensed under CC-BY by the author Fiona Spooner
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Nice data viz
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Pay attention to data viz

If you start paying attention to data viz when you see them, you will see what works, what
does not

e |tisaprocessthattakes place in the “background”: you will learn quickly and not realize it

e You will see nice looking graphs (and hopefully enjoy it)

You will build better and more impactful graphsi
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Summary of concrete recommendations

(i) Take-away messages

e Build legible, understandable and nice looking graphs.
e Have atitle and explicit axes; present them.
e Limit the number of colors you use. Use gray.

e |Label your graphs directly, add annotations.

Think twice before cutting the y-axis

Overall, facilitate the retrieval of information.



Data viz in economics




When do we use graphs in econ?

As rhetorical visualization tools for models

e To explore our data

To check the validity of our models

As diagnostics

To communicate results
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Specificities of viz in economics

We often have to deal with a massive number of observations
e We often want to display a specific type of graph: estimation output

e Our analysis are often based on identifying assumptions that we can sometimes check
through graphs

e We often use very complex models. Visualization can help understand what we are
actually estimating
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Large numbers of observations

Evolution of the duration of items in time

Log(duration (in s))
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Opacity and subsamples

Evolution of the duration of items in time, by channel

france 2 tfl

Log(duration (in s))

2000 2010 2020 2000

20l10

2020
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Use heatmaps instead of scatter plots

Evolution of the duration of items in time, by channel

Number of observations per tile
C
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2000 2010 2020 2000 2010 2020
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Table of estimation outputs

(1)

log(pop) 0.172

(0.021)
log(gdpPercap) 0.034

(0.014)
Num.Obs. 1704
R2 0.935
R2 Adj. 0.929
RMSE 0.06
Std.Errors by: country
FE: country X

FE:year X
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Whisker plot of estimation outputs

Point estimates for the regression of log(life expectancy)
With 95% confidence intervals

log(gdpPercap) L

log(pop) ®

0.00 0.05 0.10 0.15 0.20

Point estimate
R package: modelsummary or dotwhisker
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Whisker and distribution

Distribution of estimates for the regression of log(life expectancy)

log(pop) ®

log(gdpPercap) -

Point estimate
R package: ggdist
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Graphs hierarchy

* We make graphs for different audiences:

= For you (and your future self): can be quite rough on the edges, but you will want to be
able tounderstand it in the future

= For presentations: you have some leeway for explaining orally your graphs

m For the paper: there is only a couple of graphs in a paper; make them perfect
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Main take-away points




Data viz at large

e Data viz is powerful, harness its power

It can be super insightful or equally
deceptive

It can make your point memorable

It can also be truly beautiful

e |everage perception and data viz principles
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How to build a graph?

(i) Take-away messages

There are many rules in data viz

The main goal is to facilitate the transmission of your message
What is the main point you want to convey?

Choose (one of) the right graph types

Explain your graphs, orally and by facilitating reading, on your graph

BUT avoid clutter
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Data viz for economics

Most data viz principles and ideas also apply to economics and academia in general

e There are however some specificities

In particular, some graphs and types of analyses are specific to academic research

Data viz can be extremely useful for research and communication
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Thanks




