Admin
o]

G/B/U
000

Origins
0000000000

How and When Multiples
00000000 00000

Lecture 11:
Scatter Plots and Color

April 14, 2025

Color
00000000

Axes
e]e]



Admin G/B/U Origins How and When Multiples Color
[ ] 000 0000000000 00000000 00000 00000000

Course Administration

1. Looking forward
® Lecture 12: storytelling, accessibility and interactivity
® |ecture 13, April 28: presentations
® |ecture 14, Wednesday April 30: presentations
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Course Administration

1. Looking forward
® Lecture 12: storytelling, accessibility and interactivity
® |ecture 13, April 28: presentations
® |ecture 14, Wednesday April 30: presentations

N

. Presentations due two hours in advance of class

w

. Final policy brief due Monday May 5 by midnight. Do not be late.

o

. Anything else?
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Next Week's Final Good Bad Ugly on Scatters

Finder Commenter
Amanda Sandra
Sandra Raquel

This is the last one.
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Nice Line Chart No. 1

Total rides started by minute of day

Evening rides peak
between 5 and 6 p.m.,

when many finish work \

750 -
Morning rides peak
just before 9 a.m.,
g when many begin work \
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Total Number of Rides by Hour of the Day
Comparing Member vs Casual Riders
Peak for all riders
30,000 between 3pm and Spm
First peak for members.
around 8am
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My Surplus Chart

0
difference:
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This Lecture

Scatter plot definition and origins
How and when to use scatters
Small multiples

Color

R stuff
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Scatter Plot: Definition and Origins



What is a Scatter Plot?
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What is a Scatter Plot?

® Plots values of two different variables on the same chart
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What is a Scatter Plot?

® Plots values of two different variables on the same chart

® Shows correlation between two variables
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What is a Scatter Plot?

® Plots values of two different variables on the same chart
® Shows correlation between two variables

® (Can also show distribution of each variable
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A Reminder and Example: Anscombe’s Quartet

Same mean, same variance

I i1 III v
X Y X Y X Y X Y
100 8.04 100 9.14 100 7.46 8.0 6.58
8.0 6.95 8.0 8.14 8.0 677 80 5.76
130 7.58 130 874 13.0 1274 8.0 7.71
9.0 8.81 9.0 877 50 7.1 80 8.84
11.0 8.33 110 9.26 110 7.81 8.0 847
'< 140 996 140 8.10 140 8.84 80 7.04 >"
6.0 7.24 60 6.13 6.0 6.08 80 525
40 426 40 3.10 40 5.39 19.0 1250
12.0 10.84 120 913 120 8.15 80 5.56
70 4.82 70 7.26 70 642 8.0 791
50 5.68 50 474 50 573 8.0 6.89
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A Reminder and Example: Anscombe’s Quartet

Same mean, same variance
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What Makes a Scatter Plot Different From All Other Plots?

(That We have Studied) — from Friendly and Denis, 2005
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What Makes a Scatter Plot Different From All Other Plots?

(That We have Studied) — from Friendly and Denis, 2005

® |t is fundamentally 2-D



Admin G/B/U Origins How and When Multiples Color Axes R
[e] 000 0000@00000 00000000 00000 00000000 (e]e] (e]e]

What Makes a Scatter Plot Different From All Other Plots?

(That We have Studied) — from Friendly and Denis, 2005

® |t is fundamentally 2-D
® A line graph is sort of 2-D, but only really for time
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What Makes a Scatter Plot Different From All Other Plots?

(That We have Studied) — from Friendly and Denis, 2005

® |t is fundamentally 2-D

® A line graph is sort of 2-D, but only really for time
® Everything else we've studied is either a categorical relationship
® bar chart



Admin
o]

G/B/U Origins How and When Multiples Color Axes
000 0000@00000 00000000 00000 00000000 (e]e]

What Makes a Scatter Plot Different From All Other Plots?

(That We have Studied) — from Friendly and Denis, 2005

It is fundamentally 2-D

A line graph is sort of 2-D, but only really for time

Everything else we've studied is either a categorical relationship
® bar chart

or 1-D

® histogram
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What Makes a Scatter Plot Different From All Other Plots?

(That We have Studied) — from Friendly and Denis, 2005

It is fundamentally 2-D

A line graph is sort of 2-D, but only really for time

Everything else we've studied is either a categorical relationship
® bar chart

® or 1-D

® histogram

Map is the closest analogue to a scatter: points in (x,y) space
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Scatters Are the Most Modern of Graphs We Study

= — o Ty, ® What is this graph?
® two y axes
it ] 1 ; ® wages in line
i R AP N T ® price of wheat in bars
® horizontal axis is time
® What is the goal of this
graph?

T

G Wil
+
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Scatters Are the Most Modern of Graphs We Study

= — i - oy, ® What is this graph?
: ® two y axes
Ft AEEES : ® wages in line
R 4P ) 7 N 11 ® price of wheat in bars
® horizontal axis is time
® What is the goal of this
graph?
T ® show that purchasing
5 3 e AR B power increases over
: time

s St T et " o e st R ® is it clear?

T
e
x

= B dy A
4w
i
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Playfair's Graph as a Proper Scatter

Connecting line is time

e What is this graph?
® price of wheat on x
® wageony
® line connects by time

Weekly wage (Shillings)

0 10 20 30 40 50 60 70 80 90 100
Price of Wheat (Shillings/Quarter)
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Playfair's Graph as a Proper Scatter

Connecting line is time

w
o

e What is this graph?
® price of wheat on x
® wageony
® line connects by time

® Why is this graph not too

n n
o a
L

Weekly wage (Shillings)
&

helpful?
107
® you don't know when is
5 when
® no temporal point
0 10 20 30 40 50 60 70 80 90 100

Price of Wheat (Shillings/Quarter)
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® What is this graph?

time on x

on y, number of weeks
required to purchase one
quarter of wheat

line connects by time

G/B/U Origins How and When Multiples
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Revision of Playfair Makes the Key Point — But is Not a Scatter
Connecting line is time
107_______} \
9 CHART .
8- Shewing in One View the Work °
Required to Purchase
77 One Quarter of Wheat
6
[}
54
N
34

1560 1580 1600 1620 1640 1660 1680 1700 1720 1740 1760 1780 1800 1820
Year
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Revision of Playfair Makes the Key Point — But is Not a Scatter

Connecting line is time

() T —_ e — e —

; e What is this graph?
9 CHART ® time on x
8- Shewing in One View the Work ® ony, number of weeks

Required to Purchase -
One Quarter of Wheat required to purchase one
quarter of wheat

® [ine connects by time
® Why is this better?
® line connects time and you

can see it
® makes the ratio for you

Labor cost of wheat (Weeks/Quarter)
[=2]

1 - .
1560 1580 1600 1620 1640 1660 1680 1700 1720 1740 1760 1780 1800 1820 the ratio is the pOInt'
Year
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One of the First Scatterplots: 1886

The Graph

® aims to predict one variable from the
other

® has no time dimension

® notes density of observations

Axes
e]e]
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One of the First Scatterplots: 1886

The Author: Francis Galton

The Graph ® a measurer of all things: weather,
height, etc
® invented or first described

® the questionnaire
® standard deviation
® notes density of observations ® regression to the mean

® aims to predict one variable from the
other

® has no time dimension

® and the developer of eugenics
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Galton's Scatter

e What is this graph?

DIAGRAM BASED ON TABLE |.

(all female hej, are multiplied by 1'08) . .
. - X ® height of adult children on
M1D-PARENTS| ADULT CHILDREN
—_ their Heights , and Deviations from E8%inches. X

® height of parents on y

® numbers are the number of
observations at each point
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Galton's Scatter

°
DIAGRAM BASED ON TABLE |.
(all fewmale heights are multiplied by 108)
MID-PARENTS| ADULT CHILDREN
e their Heights, and Deviations from 68}inches.
ignjieand . G 5 W i B & B 9 L 3
)
°
°

Color Axes
00000000 e]e]

What is this graph?
® height of adult children on
X
® height of parents on y
® numbers are the number of
observations at each point

This is an early scatter

Scatters are not prevalent
until the 1920s

Still usually too complicated
for most layperson

communications
Galton, 1886.
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How and When to Use Scatters
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Pros and Cons of Scatters

Most common type of graph for academic presentation
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Pros and Cons of Scatters

Most common type of graph for academic presentation

Pros
® Can clearly and compellingly show a
bivariate relationship
® Shows relationship throughout the
distribution
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Pros and Cons of Scatters

Most common type of graph for academic presentation

Cons

_ ® Requires the audience to think about
® Can clearly and compellingly show a the relationship

bivariate relationship

Pros

_ ' ® Sometimes too complicated for policy
® Shows relationship throughout the communication

distribution . . .
® Can obscure relationships that do exist
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This Should be a Scatter But Was Not
W Non-health-care occupations QO Requires exposure to disease
Health-care occupations’

Number of employees
or infections at least once a month

4,000,000
1,000,000
50,000
«— HOW CLOSE PEOPLEARE —
TO ONE ANOTHER AT WORK
Not near Withothers Slightly Moderately Very
other people but not closely close close close
' ' ' | ARM'S LENGTH |
General and AND CLOSER
operations managers .
P g Registered
nurses
Median annual wage:
$50,000 and more

Median annual wage:

Dental
hygienists
$30,000 to $49,999

First-line supervisors
of food preparation an



https://www.wsj.com/articles/coronavirus-pandemic-deepens-labor-divide-between-online-offline-workers-11585924306
https://www.wsj.com/articles/coronavirus-pandemic-deepens-labor-divide-between-online-offline-workers-11585924306
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My Best Ever Scatter

What is it?

® Each point is

® average population
density near about 400
land plots

6
L

® at a given distance from
an old streetcar

1000s of people per sq km
4

® red line is a flexible
regression line

kilometers to the streetcar
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My Best Ever Scatter

What is it?
® Each point is
® average population
density near about 400
land plots

6
L

® at a given distance from
an old streetcar

1000s of people per sq km
4

® red line is a flexible
regression line

0 2 4 6 Data show the point

kilometers to the streetcar
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How Can You Make a Scatter Explicable?

-
Bowhead whate
e BATS
Shown in black Hieman
Tend to live longer than other animals P e wbte
100 with similar body weight
FHumphack whale
Gorille <y, _
b frican bush elephant
Brand's bat Indicn flying fox Polar bear
& Mouse eared bar .
- * Giraffe
% A
e
20 Tae"
.
s, .
.
10
Lifespan
(years)
2 7 Berwnete's chinchilla rat
Forest shréw
1
108 1008 kg 10kg 100kg rocokg 10,000kg

Mass


https://graphics.reuters.com/HEALTH-CORONAVIRUS/BATS/qzjpqglbxpx/
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How Can You Make a Scatter Explicable?

-
Bowbead whate
2 BATS
Shown in black Hieman
Tend to live longer than other animals P e wbte
59 with similar body weight
Humpback whale
Gorille <y, i St
b frican bush elephant ”
Polar bear call out
Brandr's bat Indian flying fox J
5 Mouse eared bat . . .. .
* Girae individual items
’ .
e
20 Ty e
.
s, .
.
1o
. o 5
= .
Lifespan
years)
0 ) From Reuters
2 5 Bessnett's chinchilla rat
Forest shréw
'
tog to0g tkg 1okg tookg Loookg 10,000kg

Mass


https://graphics.reuters.com/HEALTH-CORONAVIRUS/BATS/qzjpqglbxpx/
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Older
than
opponent

Same age

Younger
than
opponent
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How Can You Make a Scatter Explicable?

Serena Williams's Professional Matches, Age 14 to 40

® Match Williams won @ Match lost

Williams's
age:
14 16 18 20 22 24 26 28 30 32 34 36 38 40

A 17-year-old Williams defeats
Martina Hingis in the 1999 U.S. . .
Open for her first major singles title. *# *g Jate . -

L ..

. - e

¥

At 35, Williams beats her 36-year-old
sister in the 2017 Australian Open — the
oldest women’s final in Grand Slam history.

Axes
[e]e}

DA


https://www.nytimes.com/2022/09/08/learning/whats-going-on-in-this-graph-sept-14-2022.html
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How Can You Make a Scatter Explicable?

Serena Williams's Professional Matches, Age 14 to 40

® Match Williams won @ Match lost

Williams's

16 18 20 22 24

N
&
o)
®
w
]
W
i8]
@
w
&
w
&
&

| o colors & call out
e
T individual items
“»
A 17-year-old Williams defeats . ‘ '
Martina Hingls in the 1920 U.S. ot

Open for her first major singles title, * ®

-
-

o P oeeait e
. "; At 35, Williams beats her 36-year-old From the New York Times
oo ] . sister in the 2017 Australian Open — the
: B . . . oldest women's final in Grand Slam history.
. - e N
“on .



https://www.nytimes.com/2022/09/08/learning/whats-going-on-in-this-graph-sept-14-2022.html
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Grckes are szed by country popuiation.

Income group:

Circles are sized by
‘country population.

200
150
ADMINISTERED. India
PERCAPITA |
100 —e
® | Pakistan
|
.
50 o2
Mozambique
i
ot G
Guirlea
Afghanistan Kenya
. T
° Buvinm
$100

e . g
P .ea 0

$1,000
Gross domestic product per capita

— Nigeria
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How Can You Make a Scatter Explicable?

olow

Lower middie

Covid vaccination rate by country
Doses administered per 100 people

© Uppermiddie @ High

Chile

China
|

soan LT
- M“d.
i &  ungary

o
X M
N o
. Mm.. o Pland
» .
o L]
i

$10,000

$100,000

Axes
00000000 [e]e}

mark axes

From the New York Times


https://www.nytimes.com/2022/09/08/learning/whats-going-on-in-this-graph-sept-14-2022.html
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How Can You Make a Scatter Explicable?

Average carbon dioxide emissions per mile

800 grams . .
"= Toyota Sequoia

o “ o o Lexus GX

- i circle common
Traditional gas-powered cars . . h :' p OI n ts
.
400
: & . S |y ..
O O O P Hybrid and plug-in hybrid vehicles
N Honda Civic . . o
S . o
e > .« . ® Fuel cell
200 3 O From the New York Times
Nissan Leaf
o
$250 $300 $350 $400 $450 $500 $550 $600 $650 $700 $750 $800 $850

Average cost per month
Purchase price, maintenance, fuel



https://www.nytimes.com/2021/01/21/learning/whats-going-on-in-this-graph-climate-friendly-cars.html
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Showing Multiple Variables or Variations
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How to Deal with Issues of Multiple Variables

1. If they are in the same units?

Axes
e]e]
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How to Deal with Issues of Multiple Variables

1. If they are in the same units? graph on the same scale

Axes
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How to Deal with Issues of Multiple Variables

1. If they are in the same units? graph on the same scale
2. If they are in different units?

Axes
e]e]
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How to Deal with Issues of Multiple Variables

1. If they are in the same units? graph on the same scale
2. If they are in different units?
® can use two axes, but rarely a good idea — why?

Axes
e]e]
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How to Deal with Issues of Multiple Variables

1. If they are in the same units? graph on the same scale
2. If they are in different units?

® can use two axes, but rarely a good idea — why?
® plot on two charts side-by-side
® do you want side-by-side vertical or horizontal?

Axes
(e]e]
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How to Deal with Issues of Multiple Variables

1. If they are in the same units? graph on the same scale
2. If they are in different units?

® can use two axes, but rarely a good idea — why?

® plot on two charts side-by-side

® do you want side-by-side vertical or horizontal?
3. If you have many different variables to show?

® see the next slide..

Axes
e]e]
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Small Multiples

When do you use them?
® Multiple variables to show
® Too much for one graph
® In presentations, usually helpful to explain one part first

There is an implicit assumption that all graphs use the same scale.
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My Small Multiples

Destruction Roughly Even by 1967 Quality
14th Street

irreparable o
extensive
minimal
none L J

0 2 4 6 8
1967: Building Quality

Color
00000000

Axes
[e]e}
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My Small Multiples
Destruction Roughly Even by 1967 Quality

14th Street 7th Street
irreparable L] °
extensive
minimal
none ° °

Color Axes R
00000000 e]e] (e]e)
H Street
L]
(]

0 2 4 6 8 0 2 4 6 8
1967: Building Quality 1967: Building Quality

0 2 4 6 8
1967: Building Quality
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My Small Multiples

Destruction Roughly Even by 1967 Depreciation
14th Street

irreparable o
extensive
minimal
none L4

0 20 40 60
1967: Share Depreciated

Axes
[e]e}
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My Small Multiples

Destruction Roughly Even by 1967 Depreciation

14th Street 7th Street H Street
irreparable L] °
extensive
minimal
none ° .

Axes
e]e]

0 40 0 40 60 0 40
1967: Share Depremated 1967: Share Depreciated 1967: Share Depreciated

60
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How Beyonce Exploits the Power of Small Multiples

With thanks to Vibe.

Axes
e]e]


https://www.vibe.com/2016/02/beyonce-boycott-formation-super-bowl
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Using Color Well

Color
©0000000

Axes
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Color Rules, 1 of 2

Use color because it may be the fastest discriminator

Use color because color builds in size and emotion

Color should have a function, not be a decoration

(repeat) We can't remember too many categories — too many colors
Things that are the same color are linked, whether you intend to or not

Be consistent with color across graphics
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Color Rules, 2 of 2

7. Categorical things must get qualitative scales
8. Consecutive continuous things get sequential color scales
9. We think darker = denser — darker = larger — make bigger values darker colors

10. Consecutive continuous things with two binary options can get diverging
sequential color scales

11. Use a tool to choose color-blind accessible options

12. All kinds of ways to choose: colorbrewer2.org, metbrewer

With thanks to Cynthia Brewer, Towards Data Science, datawrapper.de, and this Adobe blog.


https://www.personal.psu.edu/cab38/index.html
https://towardsdatascience.com/8-rules-for-optimal-use-of-color-in-data-visualization-b283ae1fc1e2
https://academy.datawrapper.de/article/140-what-to-consider-when-choosing-colors-for-data-visualization
https://blog.adobe.com/en/publish/2017/02/27/the-power-of-the-palette-why-color-is-key-in-data-visualization-and-how-to-use-it
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7. Categorial Things Get Qualitative Scales

T What kind of categorical things would work
1 well here?
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8. Sequential Color for Consecutive Continuous Things

Multi-hue: Single hue:

well here?

H E What kind of sequential things would work
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10. Diverging Sequential Color

What kind of type of series would work well
here?
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12. Use Colorbrewer2.org

Number of data classes: i

Nature of your data: i
@ sequential O diverging O qualitative

Pick a color scheme:
Multi-hue: Single hue:

T
THTTHTT
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12, cont'd. MetBrewer Uses This Framework

Java

Johnson
Juarez

Kandinsky



Axes, Gridlines, Tickmarks, Axis Lines, Borders
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Axes
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ggplot2 Theme Elements Plot elements: Facetting elements:
theme(element_name = element_function() plot.background strip.background
- element_text) element_rect( . element_rect(
- element_line) 4 plot.margin X
- element_rect) plot itle margin{ panel.spacing
~ element_ blank) element text) unit)
sriptt Rules of thumb
P T element_text(
hwry vs. G .
= [ ]
Legend slements: Omit what you can
Axis elements: g legend.margin
¢ g ® Use grey when
axis.ticks legend.title .
element_line( - sy AEBY o element text( pOSSI ble
’ ! e legend.key
s.title 33 element_rect()
element_text() 0 o
" o T legend.text
axis.text e\egmen\_(ex\(\
element_text(
) ] 1t legend.background
axis.line .ty ot i eloment_rect)
element_line() - A L
o Thank you, Henry Wang
panel.grid
anel.background
Lo clement_line(
panel.border
element_rect(fll = NA)
Panel elements: henrywang.n!

Derived from “ggplot2: Elegant Graphics for Data Analysis"


https://henrywang.nl/ggplot2-theme-elements-demonstration/

R Notes on Scatters
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https://www.leahbrooks.org/leahweb/teaching/pppa_dataviz/2025/subpages/r_notes/lecture_11/lecture11_rnotes_v1.html

Admin G/B/U Origins How and When Multiples Color
o] 000 0000000000 00000000 00000 00000000

Next Lectures

® |nteractivity, and then presentations
® Presentations due by noon day of presentation

® Final paper due May 5 by midnight

Axes
e]e]
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