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World Health and Economics

Case Study
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Gapminder Data Set

We tried to answer the following two questions:

HE -—'.' e _,_13’4

1. Is it fair to say the world is divided into rich (Western

nations) and poor (the developing world in Africa,

Asia, and Latin America)?

2. Has income inequality across countries worsened

during the last 40 years?
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Gapminder Data Set

o The data set was put together by ds1labs library, and it was created using a number of spreadsheets
available from the Gapminder foundation.

library (dslabs)
library (tidyverse)
data (gapminder)
head (gapminder)

> head(gapminder)

country year infant_mortality 1life_expectancy fertility population gdp continent region
1 Albania 1960 115.40 62.87 6.19 1636054 NA Europe Southern Europe
2 Algeria 1960 148.20 47.50 7.65 11124892 13828152297 Africa Northern Africa
3 Angola 1960 208.00 35.98 7.32 5270844 NA Africa Middle Africa
4 Antigua and Barbuda 1960 NA 62.97 4.43 54681 NA Americas Caribbean
5 Argentina 1960 59.87 65.39 3.11 20619075 108322326649 Americas South America
6 Armenia 1960 NA 66.86 4.55 1867396 NA Asia Western Asia

o We will test our knowledge regarding differences in child mortality across different countries.
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Gapminder _ Life Expextanct and Fertility

Faceting: 1962 vs 2012

1962 2012
gapminder %>% filter (year %in% N i N
o o .%":;L:‘.:.o
c(1962, 2012)) %>% S S
. ¢, TR T S S i
70 " l".'. . . . - LE o .
g’g’plot(aes (fertility, * e -:' . : — = =20 op e * continent
g S A o IS *  Africa
. ) %50 . .' g : “o.- ..3' : : *  Americas
life expectancy, color = continent)) g oS . b . y o
El . .:. .:...' . . *  Europe
+ geom point () + facet grid(.~year) il I N S e * Oceania
..l. :' : ...
40- . . .. ...O.:o .
30- U
2 4 B 8 2 4 @ &
fertility
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Gapminder _ Life Expextanct and Fertility

. . . 1962 1970 1980
o To observe this improvement over multiple years, a0
- s .: '.. ’, - X " ..oo g. ..o..
we can add more years to our plot. WESTYy .. 'w.:"'f. cadtele Fedeia .t o
g0~ v. % ':”“'i:" ‘ "‘.:':‘,::'!‘ o SR, S
“.:..:.::.?.:. :o.:.."...::". . o, :....%:;.. .
40 ::'f:"‘.'. ° I :! I:V:':... - .:.-". .
- o.o':'. N . % ti t
o facet_wrap() function 5 i - B
'§ ’ *  Americas
gapminder >% filter (year %1n% 5 1990 2000 . e * Asia
20 glr o '-?3-:, ﬁx. o
- * sy 9 L O . . *  QOceania
c(l962, 1970, 1980, 1990, 2000, ..,?ﬁg_,-'.:c'“ ,.{,;g ...'-'.-.. A IR ?
B0~ 1 ."_'C.E‘,:\‘.h . JIEN w5 "o . 8 :'v.‘...’; . .
2012)) $>% ggplot (aes (fertility, BRI ’ .. W e S
life expectancy, color = continent)) ] .
+ geom point () + facet wrap (~year) 25 50 75 25 fer?(illn'rty 75 25 5.0 75
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Gapminder . Fertility Over Years

Time Series Plot

o\°

gapminder %>% filter (country == "United States") %>

ggplot (aes (x=year, y=fertility)) + geom line()

1960 19380 2000
year
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Gapminder . Fertility Over Years

o The good thing about using colors is that ggplot

automatically groups data with color mapping. \
countries <- c("South Korea", "Germany")zt \\\\\\ oty
gapminder %>% filter (country %in% B il
countries) %>% ggplot (aes(year, o
fertility, color = country)) + A
geom line () 2

: : :
1960 1980 2000
year
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Gapminder _ Life Expectancy Over Years

Let us look at life expectancy.

80-

countries <- c("South Korea", "Germany")
gapminder %>% filter (country %in%
countries) %>% ggplot (aes(year,

life expectancy, color = country)) +

geom line () w0-

-
=}

country

pectancy

—— Germany

life_ex

— South Korea

1960 1980 2000
year
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Gapminder Box Plots

past year = 1970
p <- gapmilinder %
dollars per day)

p + geom boxplot ()

50-

40-

[
=1
'

20-

10-

dollars_per_day

s
|

m

Caribbean
Central America
Eastern Africa
Eastern Asia
Eastern Europe ~

Australia and Mew Zealand ™

>% filter (year
)

+ theme (axis.text.x

past year & !is.na(gdp)) %>% ggplot(aes(region,

element text (angle = 90, hjust = 1))

The order is alphabetically.
=

We can do something more meaningful.

We will use reorder () function.
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Gapminder Box Plots

Reorder regions by their median income levels

past year = 1970

p <- gapminder %>% filter (year ==

50-

past year & !is.na(gdp)) %>%

mutate (region = reorder (region,

continent

- Africa

dollars per day, FUN = median)) $>%

-Amencas

-Asm

20- B= Europe

ggplot (aes (region, dollars per day, “ i.k B3 oceania
fill = continent)) + geom boxplot () + N --n-— ﬁ '

dollars_per_day

of_
theme (axi1s.text.x = element text (angle - N - A A - O
- s 2 £ 2 2 £ & = = T £ 5 8 6 B § & § : £ §
& £ 4o = g &2 5 8 & ° s s 2 £ =
o - f— mww 3 @ B z
= 90, hjust = 1)) + xlab(("") 3 s
g
Review Principles Including 0 Distorting Order Show the Data Axes Transform Adjacent Third Case Study 3D |
00000000006 O0O0 OO0OO0O0OO0OO0OOO0OO O0O0O0O0O0 O0O0O0O0 (oNeNo N6 OO0OO0OO0O0OO0O0 0000 (oNoNoNoNe 00O0O0 00O O0O0O0OO0O0 0000 14/72



_BISW uglse3-uinos

= =

_ BOl UlaUpon]

_Ballly ulauyinog

_BOlY BIPPIN

Review

0 0000000000000

_Bullly Ulslseq

_BOllly Ulssang

_EIBY WIBLN0S

—_— e == ==

a o~
@ w I N
- g = a g S~
&8 £ £F 58 v
..m .M £ &2 @O o =1
=
s It it I I
. _adoing ulaypop O
D o
o)
k-v _ BOLAWY WIAULON w
_ _PUB|EBZ MBN PUE BIEHSNY
o
. — _adoin3 uislsann .W.O
20
_ _Blsaufjod 20
©
©0
\- . _adoing wayinos o
° (@]
=0
ueaqauen =
— - : £o
_BIsY UIBIsap
-0
3
_ _adoing uialse S o
.Anlm.O
* _BOLAWY [BAUSD [e)
£Eo
o
[ c
m©
= o
_ _BISBUDIIIN o
. l‘ _ BISY UIBJSETIN0S o
. BRI LIBULON g0
k X
| <0
\I‘ _ BALN UIBLINOS o
- .‘ _ BaUN 8IPPHY (@]
sO
. I‘ _ BaL LIBjsET 8o
o
<0
Ol LISISaM
[ZKe]
L - _BISY UIBLINOS o
L 3 i
Aep~ied suejop (@]
.
N on N = © mo
NN NN AN 59
a m
g z 2
— T 8% g §
= 2E8X%3¢ e
- =] £
i~ B EET £o
o 20
0o
O - i _8doing wisypon
i \I‘ _Ba)BWY UIBUHON le)
-
_ _pUBIESZ BN PUE BIESNY Moo
| 59
. -v _adoin3 uialsan S
£0
m _ _elsaufiod o
© + _adoin3 wayinos
(@]
(@]
7)) A '
wd u _elsy LIBISaN, <0
o
@) O ) o
_adoin3 walses =
— - _ °
P n \. _eajaly pnog [e)
|_|_ o
" " ) - _Eajawy [EUED o
= : — -
c _ _Elsauoiali

Change scale to log scale

0-

' '
=1 = =}

o _ o~
feplad sie|op

L 5
Q
©
k=
£
Q.
C
O

50
40-




Gapminder Comparing Distributions

In order to compare two years, we need to make sure that the list of countries are the same in these two years.

country list 1 <- gapminder $>% filter(year == 1970 & !is.na(dollars per day))
$>% .S country

country list 2 <- gapminder $>% filter(year == 2010 & !is.na(dollars per day))
$>% .S country

country list <- intersect (country list 1, country list 2)
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Gapminder Comparing Distributions

Ease comparisons

p <- gapminder $%>% filter(year %in%s c (1970,

2010) & country %$in% country list) %>%

mutate (region = reorder (region, L R
, - = e - 2 =
dollars per day, FUN = median)) %>% ggplot/() N - - &
— J— N * factor(year)
. 58 ; — B3 1970
+ theme (axis.text.x = element text (angle = : ‘ .._—!+ *!i 58 200
90, hjust = 1)) + xlab(" ") + ***H- ,
scale y continuous (trans = "log2") 0 0 S U O T O O I N I O O R
R RN EE
p + geom boxplot (aes(region, dollars per day,
fill = factor(year)))
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Data Visualization

Principles

Review Principles

0000000006060 O0CS ®0O0O0OO0OO0OO0OO0OO0O

Including 0 Distorting Order Show the Data Axes Transform Adjacent Third Case Study 3D |
O0O0O0O0O0 O0O0O0O0 (oNeNo N6 OO0OO0OO0O0OO0O0 0000 (oNoNoNoNe 00O0O0 00O O0O0O0OO0O0 (oNeNoNe 18/72




Data Visualization Principles

o Some general principles we can use as guidelines for effective data visualization.

o Based on a talk of Karl Broman’s Creating effective figures and tables u

o Class notes from Peter Aldhous’ Introduction to Data Visualization Course

o Our course book Rafael A. Irizarry’s Introduction to Data Science Book
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https://www.youtube.com/watch?v=Ssso_5X1UPs
https://www.peteraldhous.com/ucb/2014/dataviz/index.html
https://rafalab.dfci.harvard.edu/dsbook/
https://www.youtube.com/watch?v=Ssso_5X1UPs

Principles Encoding data using visual cues

Approaches to visualize data
o position

o aligned lengths

o angles

o area

o brightness

o color hue

Review
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Principles Encoding data using visual cues

o Suppose that we want to report the results from two polls,
asking what’s your browser preference.

o The polls were taken in 2000, and then in 2015.

Browser
Opera

o Here, for each year, we are simply comparing five quantities and

Safari
Firefox
Chrome
IE

five percentages.

o A widely used graphical representation of percentages,
popularized by Microsoft Excel, is the pie chart.
o Here’s the pie chart for our data. There’s two pie charts, one for

2000, one for 2015.
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Principles Encoding data using visual cues

o we’re representing quantities with both areas and angles, since
each pie slice’s angle and area are proportional to the quantity

they represent.

Browser

Opera

Safari
Firefox
Chrome
IE

o This turns out to be a suboptimal choice, since, as demonstrated

by perception studies, humans are not good at precisely

guantifying angles.

Review
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Principles Encoding data using visual cues

©)

Humans are even worse when only area is available.

This makes the donut chart, which only uses area, even worse

than the pie chart.

Can you determine the actual percentages and rank the

browser’s popularity?

Can you see how the percentages changed from 2000 to 20157

Browser

Browser
Opera

Safari
Firefox
Chrome
IE

Review Principles Including 0 Distorting Order Show the Data Axes Transform Adjacent hird Case Study

T 3D '
00000 0O0O0OO0O0 O0O0O0OO0O0 0000 0000 O0O0O0O0OO0OO0 0000 O00O0O0 O00O0 [eXeXe} O0O00O0O0 0000 23/72



Principles Encoding data using visual cues

o In this case, simply showing the numbers is not only clearer, but it would save us on print costs if making a paper

version of our results.

Opera 3 2
Safari 21 22
Firefox 23 21
Chrome 26 29
|E 28 27
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Principles Encoding data using visual cues

o If we insist on a plot, the preferred way to plot these

qguantities is to use length and positions since humans
are much better at judging linear measures. I I I I
o We can now determine the actual percentages by "

Opera Salan Flrefox Chrome Opera Safan Flrefox Chrome
Browser

Percent using the Browser

following a horizontal line to the y-axis.

Review Principles
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Principles Encoding data using visual cues

2015

o If for some reason you need to make a pie chart, do

Browser
Opera

Safari

Firefox
Chrome
IE

include the percentages as numbers to avoid having to

infer them from the angles or area.
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Principles Encoding data using visual cues

In summary,

o The preferred way to display quantities in this example: position and length > angles > area.

o Brightness and color are even harder to quantify than angles and area. But, as we will see later, they are

sometimes useful when more than two dimensions are being displayed.

2015
Opera Safari Chrome IE
ser

2015

2015

Browser
Opera
Safari

Browser
Opera
Safari

Firefox

Firefox

Chrome
IE

Chrome
IE

Firefox
V!

Review
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Principle:

Know When to Include O
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Principles Know When to Include 0

o Fox News Example:

SOUTHWEST BORDER APPREHENSIONS

OCTOBER - APRIL

195,000

192,298

1—6—5,_2—42 170,223 -
-

2011 2012 2013

185,000
175,000
165,000

155,000

Happening ™S
now

35.18

Kews

Source: U.S. Border Patrol

channel

NAS

e

When using bar plots, it is dishonest not to start the bars at 0.

This is because by using a bar plot, we are implying the length is
proportional to the quantities being displayed. By avoiding O,
relatively small differences can be made to look much bigger

than they actually are.

This approach is often used by politicians or media organizations

trying to exaggerate the difference
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Principles Know When to Include 0

o Fox News Example:

200000 5

'SOUTHWEST BORDER APPREHENSIONS .
~  OCTOBER - APRIL % 150000 -
185,000 1 92,298 %
175,000 ; :' 100000 -
o e 1701225 :
165,244 2 - ' !
o g o [N :
2011 2012 2013 =
w
{ﬁlg:\nz:x? Source: U.S. Border Patrol Hﬁnacvn&nq N |

35.18

T T T
2011 2012 2013
Year

o Look how much bigger the 2013 bar looks compared to the 2011.
o They have only increased by about 16%.

o Starting the graph at O illustrates this clearly. This is what it looks like if the plot includes O.
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Principles Know When to Include 0

Another Fox News Example:

Top Tax Rate If Bush Tax Cut Expires

40+

30

20 1

10+

We look at the bar plots, it looks like the
January 1, 2013 is about 5 times bigger
than the now bar plot.

Now Jan 1, 2013
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Principles Know When to Include 0

o The space between 0 and 43 adds no information and makes

it harder to appreciate the between and within variability.

o When using position rather than length, then it’s not

85
80 - | ' : 2 ' I necessary to include 0.
=5 . : > : ' H l .
3) . 1 o 727 » §
[ e 60 = * c ° ' ° :
3 s |3 | &
5 : 5 R
Q. 40 g 697 )\ § ]
él <>,§| : o For example, when we want to compare differences between
£ 20+ 2 554 o
| groups relative to the variability seen within the groups.
O L T 1 I I 1 45 B T T I I I
S &8 8§ & g 8 &8 ¢ & £
£ & 2 ¢ & E 2 < g2 §
< o S o < o = o
€ w 4 € w 4
< < ) . . .
. . o Here’s an illustrative example showing the country average
continent continent
life expectancies, stratified into continents, in 2012.
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Principles Know When to Include 0

o When using position rather than length, then it’s not

85
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O B ] O W
| emf 60'l ° cC ° ' P :
S 8 : | 3
& : S g51 § o
Q. 40- g 65 ' i $
x x
QJI GJI ®
o For example, when we want to compare differences between Q 5 L 551 3
. L L 3
groups relative to the variability seen within the groups. 0 451 °
18 Ig l.‘E ]8_ TQ 18 I% l.‘E lg_ tL“
E & < 9 & E & < 9 &
< Q > O] < o S (0]
E w3 E w8
< <
continent continent

o Here’s an illustrative example showing the country average

life expectancies, stratified into continents, in 2012.
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Principle:

Do Not Distort Quantities
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Principles Do not distort quantities

P

) BONUS
Compare the US GDP to the GDP of four competing nations.

o Note that judging by the area of the circles,

$14.6 TRILLION

the US appears to have an economy over 5

times larger than China, and over 30 times

$S5 7 TRILLION

larger than France.

$SSITRILLION

$3.3 TRILLION )
“H o However, when looking at the actual

$25 TRILLION

numbers, one sees that this is not the case.
The actual ratios are 2.6, and 5.8 times bigger

than China and France respectively.
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Principles Do not distort quantities

o The reason for this distortion is that the radius, rather than

the area, was made to be proportional to the quantity,
United States '

which implies that the proportions between the areas is
China - .

squared. So 2.6 turns into 6.5, and 5.8, turns into 34.1.

Japan - ‘
o Here’s a comparison of the circles we get if we make the Germany 1 ® .
values proportional to the radius, that’s on the left, and so France - . .
the area, that’s on the right. Radius Area
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Principles Do not distort quantities

-

o Not surprisingly, ggplot defaults to using area rather than

GDP in trillions of US dollars

the radius.
o Of course, in this case, we really should not be using area at
all, since we can use position and length. Here’s the bar plot

<2
comparing the GDPs. - . .

04

France Germany Japan China United States
Country

37/72
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Principle:

Order by a Meaningful Value

Order
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Principles Order by a meaningful value

o When one of the axes is used to show categories, as done bar plots, the default ggplot behavior is to order the

categories alphabetically.

o We rarely want to use alphabetical order. It’s arbitrary.

o Instead, we should order by a meaningful quantity using reorder () function
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Principles

Order by a meaningful value

Wyoming { Il istri ia
» Wisyggr‘]lsf}% 1 = District of Céﬂ?smg ]
est Virginia 4 Missouri - =
Washington 4 R Maryland 4 I
Virginia 4 South Carolina 4 N
Vermont4 1 Delaware | I
Utah-{ 1 Michigan -  EE—
TenncSics | . MEeort | E— To appreciate how the right order can hel
SSS{JA%E?‘;%g ] P Arlizona g - p p g p
?;hode Ilslan_d 1 F e?gg Feivs?srgg : =
ennsylvania F orida 4 =
regon - California 4
OKiahging | - m— New honno | - — convey a message, suppose we want to
North Dakota | M Arkansas |  —
North Carolina |  E— Virginia | E—
New York | I Nevada | mm—
New Woxco | mmmm—— North Carofina | - create a plot to compare the murder rates
New Hampshiré - = Illinois - -
evada Alabama -+
Nebraska A E New Jersey - =
Montana Connecticut - across States
Missouri 4 I Ohio 4 I .
Mississippi 4 N Alaska 1 I
L — Senven ] —
Mass:ﬁhusetts 4 . Kansas 1 N
alr\xla_nd 4 I Indiana 4 .
Maine4 IR Massachusetts |
Louisiana 4 F Nebraska =
“ancl | — rnoerconn |
] iS1and - ) . . .
indana | AR — We're particularly interested in the most
ano 1 = (oniang | .
Hawaii1 B 5 l\ﬂ_ilnngﬁo{a 1 =
roia 4
o o Fortia ] — “iCregon | dangerous and the safest states.
District of olgwg:g- Wy?ﬁmamg- =
o ] i
Co&nlecrﬁ%ul: = : atralgz =
(/i?ii o § — North Dakota 1 E >
ansas o akota -
Ari - 1 -
/i'é‘é’nlg 4 I New Hampgm?g 4+ n q
Alabama 1 IS ! : : Vermont+_1i ! : :
0 5 10 15 0 5 10 15
murder_rate murder_rate
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Principle:

Show the Data
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Principles Show the Data

o We now shift our attention to displaying data with a focus on

604

comparing groups.

'S
o
"

o Let’s assume a DM is interested in the difference in heights

Height in inches

between males and females.

204

o A commonly seen plot used for comparison between groups,

popularized by software such as Microsoft Excel, shows the

T T
Female Male
sex

average and the standard error.

W7\

) BONUS

» The average of each group is represented
by the top of each bar, and the antenna
that we see that expands out is the
average plus two standard errors.

™

> DM will have little information

Axes Transform Adjacent Third Case Study

Order 3D |
0000 OOOOO OOOO OO0 OOOOOO ©0OO0O0OO 43/72

Review Principles Including 0 Distorting
0 0000000060 O0CGOCOS 00000000 O0O0 000000 o000




Principles Show the Data

» Note that the bars go to 0.

601

» Does this mean there are tiny humans measuring less
than one foot?

S
o
4

> Are all males taller than the tallest female?

Height in inches

» Is there a range of heights? D

20

» M can’t answer these questions since we have
provided almost no information on the height
distribution. "

sex

» This brings us back to our principle, show the data.
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Principles Show the Data

library (dslabs)
library (tidyverse)

data (heights)

heights %>% ggplot (aes(sex, height)) + geom point () + theme bw()

Review

80

704

height

601 b .
L] L]

50

Female Male
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Principles Show the Data

o We now have a more informative plot than the bar plot by simply showing all the points.
o Just this little line of code shows you the points, the heights for females and the height for males.

o However, this plot has limitations as well.

What can be done better?

80 1

Since we can’t really see all the 216 and
708 points plotted for females and
males, respectively.

height

60 . .
[ ] L]

And many points are plotted above each
other so we don’t know how many there
are.

50

Female Male
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Principles Show the Data

jitter
Jitter is adding a small random shift to each point. In this case, adding horizontal jitter does not alter the interpretation since
the height of the points doesn’t change.

alpha blending

making the point somewhat transparent. Without alpha blending, the more points fall on top of each other, the darker the
plot gets in that region, which also helps us get a sense of how the points are distributed.

204
heights %>% ggplot (aes (sex,
: e height)) + geom jitter (aes(color

?D— G'—'@:-H- —'JIGGQ -I:-:- o :2-:--:-:-31 -;I"-ol'lil;: .Dl.<l f@-:--l -:-lbﬂ)ﬂi — SeX) , alpha - O [ 3 ) + theme bw ( )
N on, " iR TR Sanams himme mniges u sex o
'_% p w: "__1 o :‘:: c. 1 N :D:O.. x.ﬂm Female
- N - Male

60

50

Fenllale I'u'IEIIIe
sex
Review Principles Including 0 Distorting Order Axes Transform Adjacent Third Case Study
0 0000000060 O0CGOCOS

3D |
0000 OOO0OO OOOO OO0 OOOOOO O0OO0OO0O 47/72



Principles Show the Data

= - Now since there are so many points, it
e e e et . is more effective to show distribution
2 " rather than show individual points.
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Principle:

Use Common Axes to Ease

Comparisons




Principles Use Common Axes

Now in this case, showing all the data is not as

effective as showing distributions.

100-

count

heights %>% -
ggplot (aes (height)) +
geom histogram(colour =

"black") + facet grid (.~ .
sex) B

50 60 70 80 50 60
height

70 a0
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Principles Use Common Axes

keep the axes the same
align plots

o align plots vertically to see horizontal changes, and horizontally to see vertical changes. In this example, there is a shift towards

right. Putting plots vertically is much more helpful.

heights %>% ggplot (aes (height)) + geom histogram(colour = "black") + facet grid(sex

100-

BLU

50-

U- il _

100 -

count

50-

50 60 70 80
height
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Principles Use Common Axes

20

70

height

604
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Review
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Sex

Male

Sex

Female
Male

Height in inches

601

'S
'=)
n

204

T T
Female Male
sex

They also use common axes, which is good. Yet, they have other problems that we already discussed.
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Principle:

Consider Transofmations
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Principles Consider Transformations

o We have motivated the use of the log transformation in cases where the changes are multiplicative.

o Population size was an example in which we found a log transformation to yield a more informative plot.

o The combination of incorrectly using bar plots, when a log transformation is merited, can be particularly

distorting.
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Principles Consider Transformations

o From this plot, one would conclude that

countries in Asia are much more populous

8

Population in Millions

than other continents. Is this a correct

assumption?

o This is due to two very large countries, which

we can assume are India and China.
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Principles Consider Transformations

°
L]
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o 1000
c
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Principles Consider Transformations

1000 -
100 :'
o Here, using a log transformation provides g g
£, = - 3
é — o A -
a much more informative plot. g g K | L
& § . ] 4
1-
o We compare the original bar plot to a 1
’ v
1] )‘
box plot using the log-scale e , - TR SR BE L A B

transformation for the y-axis.
» More informative that the box plot is over the bar plot.

» For example, we see that Africa has a higher median

population size than Asia.
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Principle:
Compared Visual Cues Should be

Adjacent to Ease Comparisons
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Principles Consider Adjacent Comparisons

64 - * *
5 ‘ L | :
©
o | » When comparing income data between 1970
()
= 81 8 3 : :
S : ‘ and 2010, across regions, we made a figure
c
” | | . .
3 similar to this one.
2 1] .
3 § 32 lq%’ 2 3 8 3 "‘g’ o » What is the problem here?
£ 2 < o S £ 2 < 2 S
s £ § ¢ § ¢ & g & §
O *-
= g ~ & § & ¢ " g &2 : : :
) v > S & & The default in ggplot is to order alphabetically.
labels .
So the labels with 1970 come before the labels

with 2010, making that comparison challenging.
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Principles Consider Adjacent Comparisons

64 - ? ‘ | T 64 -
) ‘ | .
©
© L >
— ©
(] ©
Q ‘ | 5
o
% 84 8 3 o
: & ol year
Z § 8 B3 1970
: | ] Sz
o
iC) 1 . ‘ g
o
(&)
=
\ 2,
S © © © © o o o o o
5 5 5 &5 5 &5 &5 &5 5 3
- N - N « N -5 N AN N
8 8 @ 2 8 g g g8 g g
& = 2 £ < < S ) ® ® g ; v T T
< < < b} T ot
labels E: 2
continent
o The comparison becomes even easier if we use color to distinguish 1970 to 2010.
o Using color is another way to ease comparisons.
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Principle:

Encoding a Third Variable
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Principles _ Encoding a Third Variable

0.998 -

o We can show the relationship between OPEC
. * No

. . . J 4+ Yes
infant survival rates and average income 0.995

region
East Asia
Latin America

* Northern Africa

Pacific Islands

: Southern Asia

. Sub-Saharan Africa

The West

y/1000

using a scatter plot.

o
©
©
o
1

o Here’s a version of this plot where we

1 - infant mortalit

encode three more variables, OPEC 0901 e e? population/1046
® 500

. . i i @ 1000
membership, region, and population size. 0.900 -

0.850 T T T
1 8 64

dollars_per_day
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Principles _ Encoding a Third Variable

o Note that we encode categorical variables

with color hue and shape.

o These shapes can be controlled with a

shape argument. Here are the shapes

available for use in R.
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Case Study Vaccines

©)

In the 19th century, before herd immunization was
achieved through vaccination programs, deaths from
infectious diseases, like smallpox and polio, were
common.

However, today, despite all the scientific evidence for
their importance, vaccination programs have become
somewhat controversial.

The controversy started with a paper published in 1988
and led by Andrew Wakefield claiming there was a link
between the administration of the measles, mumps, and
rubella MMR vaccine, and the appearance of autism and
bowel disease.

Sensationalist media have lead public to believe that
vaccines were harmful.

Effective communication of data is a strong antidote to
misinformation and fear mongering.
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Case Study Vaccines

The data used in these plots were collected, organized, and distributed by the Tycho project. They include weekly reported

counts data for 7 diseases from 1928 to 2011 from all 50 states.

library (dslabs)
data (us _contagious diseases)
str (us contagious diseases)

the disease <- "Measles"™

dat <- us contagilous diseases %>% filter (!state %in% c("Hawaii"
== the disease) %>% mutate (rate = count / population * 10000)
reorder (state, rate))

, "Alaska") & disease
>% mutate (state =

o\©

It includes a per 100,000 rate, orders states by average value of disease, and removes Alaska and Hawaii,

since they only became states in the late 50s.
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Case Study Vaccines

Let’s look at the California

dat %$>% filter(state == "California")

+ ylab ("Cases per 10,0000™)

100 -

Cases per 10,0000

1940

Review Principles

$>% ggplot (aes (year,

+ geom vline (xintercept = 1963,

rate))

col =

1960 1980
year

Including 0 Distorting

2000

Transform

+ geom line ()

"blue")




Case Study Vaccines

o can we show data for all states in one plot?

o We have three variables to show, year, state, and rate.

library (RColorBrewer)

dat %$>% ggplot (aes (year,

+ geom tile(color="grey50") +

scale x continuous (expand =

scale fill gradientn(colors =

brewer.pal (9,

geom vline (xintercept=1963,

theme minimal ()
element blank())
Xlab (nn)

Review

state, fill = 1

c(0,0)) +
"Reds"), trans = 'sqgrt') +
col= "blue")

+ theme (panel.grid =

+ ggtitle ("Hastaliklar"

+ ylab(nn)
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Case Study Vaccines

o One limitation of this plot is that it uses color to represent quantity, which we earlier explained makes it a bit
harder to know exactly how high it is going.

o Position and length are better cues.

Cases per 10,000 by state

300 A
It shows very clearly how after the vaccine was introduced the

1251 rates went down across all states. It shows the same

information as our previous plot, but now we can actually see

251
what the values are.

2000
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avoid pseudo and gratuitous 3D plots




Principle Avoid Unnecessary 3D Plots

o Humans are not good at seeing in three dimensions.

o Our limitation is even worse when it’s pseudo-three-dimensional, as it is when you put it on a page or a web

page.

Proportion survived

0.8 -
E o
mDrug A S 06+ —B
mDrug B 3
oDrug C —C
0.4 -

8 9

log Dose 10

DNA Fingerprinting: A Review of the Controversy Kathryn Roeder Statistical Science I ! !
Vol. 9, No. 2 (May, 1994), pp. 222-247 {
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Principle Avoid Unnecessary 3D Plots

o Humans are not good at seeing in three dimensions.

o Our limitation is even worse when it’s pseudo-three-dimensional, as it is when you put it on a page or a web

page.
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