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Scatterplot with Line Tutorial: Driving Safety (NYT)

All files in this tutorial are available at:
http://static.trogu.com/documents/classes/523/2018/tutorials/nyt_driving_safety/driving_safety.zip

This step-by-step tutorial shows how to recreate a graph from the New York Times, published on Sept 17,

2012, titled Driving Safety, in Fits and Starts — you can see the original story here:
http://www.nytimes.com/interactive/2012/09/17/science/driving-safety-in-fits-and-
starts.html

The graph plots miles driven per capita and traffic fatalities per 100,000 people. Each data point is also

the year being plotted, and the cool thing is that the line sometimes snakes backwards (when the miles
driven are fewer year-to-year). Even though that makes it look like going backwards in time, each year is
really not quantitative data, it’s rather qualitative; think of the years as any other category (not values), like
the states in the US for example.

The original driving safety graph looks like this:

&/' Find the data
\ W' > . On Wikipedia | found a data set about traffic fatalities

o s / = o Siad =| |in the US going back to the beginning of the 20th

: / Century: https://en.wikipedia.org/wiki/
Motor_vehicle_fatality_rate_in_U.S._by_year
It was just a table in the web page, so | simply
selected all the rows and columns and pasted the
selection into Excel. You have to trial-and-error as
sometimes this trick does not work well. Also delete
any rows and text that are not data. Keep only the
header row with the column headings, and all the
needed rows (I started at 1921 and ended at 2017,
although the NYT graph only started at 1950).

&0'Clean the data set and save as a .CSV fileYou
can do a lot of cleaning up in Excel, such as getting
rid of the comma for the thousands separator.

See the original file here:
http://static.trogu.com/documents/
classes/523/2018/tutorials/nyt_driving_safety/
traffic_deaths_1900-2017.xlsx

| simplified the column header names, adding underscores for word spaces (R will put a dot otherwise to
replace the spaces.) | added a few columns to get absolute number of deaths in units and fatality rate per
100K. Although | did not need it, | kept the percentage change column, got rid of the “%” symbol, and
duplicated the column using only “general” numbers. This makes the number a fraction in decimals; then
added another column where | multiplied by 100 to get a simple percentage number again.

This is the new Excel file: http://static.trogu.com/documents/classes/523/2018/tutorials/
nyt_driving_safety/traffic_deaths_1921-2017_clean.xlsx
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Save the file as CSV but then open it in TextWrangler, NotePad, or other text editor to make sure that the
data is clean. With the text editor | also changed the tab separators to comma separators. Show
invisibles to do this. This is the text only file (CSV — comma separated value) after cleaning it up with a
text editor. http://static.trogu.com/documents/classes/523/2018/tutorials/nyt_driving_safety/

traffic_deaths_1921-2017_clean3.csv

Use this data set file for the tutorial. The file is called: traffic_deaths_1921-2017_clean3.csv

Import Dataset

(3) Import the data set into RStudio

tr ‘Name Input File .
wrafc_deaths_19212017_clean3 T T e ] Import the dataset (Environment —> Import
. W 1921,2000,13253,55.03,550. 3, 55030000000, 507 .01, 24. 09, 1085380¢
. 1922,2000,14859,67.7,677 67700000000, 615 . 18,21.95, 110049000, 1 H H .
e DOves o 1923.2000, 17870, 85, 850, 85000000000, 759. 29, 2103, 111947000, 111 dataSEt —> From text flle)- SeleCt Headlng- YeS
Separator 1924,2000,18400,104.84,1048.4, 104840000000, 918.77,17.55,1141¢ W
. - — | 1925,2000,20771,122.35,1223.5, 122350000000, 1056.. 30, 1698, 1158
iose 130003954 100 sesss07 4 varammmsoos, s 1 s (note that R appends an “X” to any header name
Quote 1927,2000,24470,158.45,1584.5, 158450000000, 1331.12,15.44,119¢
. 1928,2000,26557,172.86,1728.6, 172860000000, 1434 .. 42,1536, 120% : H : H
na-strings NA 1929,2000,29592,197.72,1977..2, 197720000000, 1623. 76, 14.97, 1217 that beglnS Wlth a number-) AlSO, If the flle name
S(rings as factors 1930,2000,31204,206.32,2063 . 2, 206320000000,1676 . 35,15.12,123¢
1931,2000,31963,216.15,2161.5, 216150000000, 1742.59, 1479, 124¢ H H H
1932,2000,27979,200.52,2005 . 2, 200520000000, 1606 . 21,13.95,124§ haS any SpeCIaI CharaCterS (In thls Case a daSh
1933,2000, 29746, 200. 64,2006 .4, 200640000000, 1597..72,14.83,1255 - . . )
o between the two years), R will substitute a dot in
year circles_2000 deaths vmt_billions X10@m_miles_ . f « o
1921 2000 13253 55.03 550.3
121 2000 L2s3 55.03 550.3 its place (see upper left “Name” in the
1923 2000 17870 85.00 850.0 h t N t I th t . th d t ‘t I
1924 2000 18400  104.84 1048.4 )
1925 2000 20771 122.35 1223.5 SCreenS o * O e a So a In e a a Se
0 1926 2000 22194 140.74 1407.4 “ ”
127 2000 270 158.45 15845 created a “fake data” column called
; 1929 2000 29592 197.72 1977.2 s » . .
1930 2000 31204 206.32 2063.2
q 1% 2000 a2e 20632 2063.2 circles_2000”. | will need this later to generate
a 1932 2000 27979 200.52 2005.2 . .
c 1033 2000 29746 200.64 2006.4 circles all of the same size.
Import Cancel
— (4) i
ST — Shorten the file name to
) fs_stars_2018-11-15.80 x | [ trffc deaths_19 3 a0 || Environment | History =0 “safety”. Download and open or cut-
[ Source Q /- SN IR 4 [ _#Import Dataset~ 3 Clear List~ . . ) .
s paste the R file into RStudio. The file
3 #Reconstruct graphic from NYT ata .
4 #used same syntax to reconstruct NYT's safety 97 obs. of 14 variables = B Is here.
5 #"Driving Safety in Fits and Starts" traffic_deaths_192.. 97 obs. of 14 variables -
6 #graphic by Hannah Fairfield, NYT, September .
17, 012 http://static.trogu.com/documents/
7 #0 L dat for this tut 18 .
hetpe:/on. wikipedia.org/wikd/Motor. vehicle._fa classes/523/2018/tutorials/
tality_rate_in_U.S._by_year ..
8 #inport dataset of motor vehicles deaths nyt_driving_safety/
9 = = .
10 #shorten file nare to "safety’ Files  Plots chkigej Help  Viewer =1 fltS_StartS_201 8_1 ’I _'I S.R
11 safety <- traffic_deaths_1921-2017_clean3 2| Export »
12 #above did not work because R had replaced the
e Shorten the name but note the error
Console = H
> safety :— traffic_deaths_1921.2017_clean2 because the flle name haS the daSh
i Error: object 'traffic_deaths_1921.2017_clean2' not f . .
| ound
b | >usnfety <- traffic_deaths_1921-2017_clean3 InStead Of the dOt' Use the dOt In the
Error: unexpected input in "safety <- traffic_deaths_ . .
i 1921-2017_"
n > safety <- traffic_deaths_1921.2017_clean3 name to fIX It'
o
eoce RStudio
Q- - B 3 & Project: (None) ~ I3 It
(5) Plot “safety”.
@7 fits_starts_2018-11-15.R* (traffic.de 5> ~=["] = Environment History _
B souce | Q o £l sy | G G| (impor Datsser- | o Clear ust- This gives a lot of different
3 % Global Environment ~
14 ot file bata combinations (pairs for X and Y
15 plot(safety) O safety 97 obs. of 14 variables |
16 #Might this error: Error in plot.new() : Prra— — P .- . . . .
Figure margine too large e == using all possible combinations
17 #Make plot window bigger (that worked) -
18 plot(safety) = & zoom | .E|Export~ @ 4 Clear All . )
15 fooror sue he ntles driven per capita of columns in the data set.
(X-axis) and the fatalities per 100K
people (y axis) 1500 0 0.0e+00 5 25 1000 30 20 30 20
20 #add xlim and ylim to define ranges of s s —  —  — i m— i — i o e §
data and axes labels §_m____________;
21 radius <- (safetySyear) T e s o e e —— — — — — — — c——
22 symbols(safety$vmt_per_capita, o — T D e —— —— — — — — —
= safetySdeaths 100k poople, e e o o — — — — ——
22:31 £ (Top Level) = R Script = —CEC S S S T S S S S N N S o
i ———
Console =1m} o — T —— —— — T w——— r— C— -
4 > safety <- traffic_deaths_1921.2017_clean3 P —
W > safety <- traffic_deaths_1921-2017_clean3 g T TRe mm mm e e = owe === e— -
| Error: unexpected input in "safety <- trafic_|  _ Tm T Tm TD TD To To Tm To D TR mm m—
deaths_1921-2017_" v — T e ——— —— — — — o G —
1> plot(safety) 8 - — — — — c— w—
¥ Error in plot.new() : figure margins too large huy o ™™ T ™ fm
||= rioecoaretys wo 2000 0 200 10e08 w3 03
I
B = EEYY PO OB AT PrOFEIrTY ~ R
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e RStudio

Q-2 6 3

@7 fits_starts_2018-11-15.R* | traffic_deaths_1921.2017_ 3> == ("1

Environment  History

(6) Plot VMT (vehicle miles
traveled) per capita and

&) Project: (None) ~ I

@ Source | Q /- ~% (%% | #Source v <% [ [ #Import Dataset+ 3 Clear List~
below sinply stores those values under "radius”, then || @ Global Envronment- deaths per 100K people.
the "circles" line in the symbols function will call Data
e D safety 97 obs. of 14 variables 3 || Since we want to repllcate

22 radius <- (safety$circles_2000) — o — o .
P i e ke, Files Plots | Packages Help Viewer =0 the NYT graph|c, we want to
gg 5‘?fetys"e“:f‘s—mok—l’e°me» B £ zoom | EExport- @] Clear All
circles=radius, H H
26 | inchest, render the data points just
27 x1im=c(500,11000), .
ol ® for those two variables
[=%
30 #add years to the dots. note that even though years S 2 H H
are numbers, they are really categories, labels in || & (miles on X-axis and deaths
this case, not really numerical values. so don't be x ©
miimmlad $€ bhn timnme cnam da cn bmclninode adb Ldean = N 1
207 T o Loveh < Wedine s | S on Y-axis).
o 8
Console ~ =0
~ g w
| > symbols(safety$vmt_per_capita, 5 -
1+ safety$deaths_100k_people, < -
I circles=radius, s =
+ inches=1, 3
1+ x1im=c(500,11000), 2000 4000 6000 8000 10000
RS ylim=c(10,30)
ot safetySvmt_per_capita
>
|

radius <- (safety$circles_2000)
symbols(safety$vmt_per_capita,
safety$deaths_100k_people,
circles=radius,
inches=1,
x1im=c (500,11000),
y1lim=c(10,30)
)

Let’s look at the code:

radius is shorthand for the data in the circles_2000 column.
We want to generate circles and this will give us circles of the
same size (since every row is the same in the fake data
column: 2000), located on the X and Y given by the two other
variables. The symbols function specifies where the circles
will be placed (vmt_per_capita for X and deaths_100k_people
for Y). xlim and ylim define the ranges and the labels for the
axes. Look at the dataset for the min and max for the two
variables and make the range a little wider on both end, using
rounded off numbers. Run summary in R to quickly see the
min and max for each column.

One inch is obviously too big. Try 0.1 inch. But even with that, circles are still a little too big as there is too
much overlap between them, so in the next try we will make them 0.03 inches

=
ece Rstudio
Q- -8 3 & Project: (None) ~ b 'I .F $ -
symbols(safety$vmt_per_capita,
@ fits_starts_2018-11-15.R* | traffic_deaths_1921.2017_ 5 (7] | Environment History =0
@ souce | Q /- % | o _#Source - | & (] LiImport Dataset-  Clear List~ -F
fad nenestL, ) Global Environment - sare ty
27 Xlim-c(500,11000),
28 ylim-c(10,30) Data
» Osafety o7 obs. of 14 varidbles $deaths_100k_people,
30 #now, obviously the circles are too big - e P e - —
;; "‘19;; E'YF":‘:':;"“ » Files Plots Packages Help Viewer == C_i r‘C] es rad_i us
symbols(safetysvnt_per_capita, ! =
33 safetysdeaths_100k_people, A & zoom | EExport @]  Clear All ’
34 circles-radius, .
35 inches=0.1, h —
36 Xlim-c(500,11000), nc es_o . 1
37 ylim=c(10,30) o
38 ) 8 o '| .
39 #add years to the dots. note that even though years g @ X11m=cC ( 500 y 11000) y
are nurbers, they are really categories, labels in J w
this case, not really numerical values. so don't be 3 « .
S
2 e = Rscrpt 2 | S Tim=c( )
6 (Top Level) cript ° g . y Tm=C 10, 30
Console -~ =0| £ \7‘»\)47,
. © ¥,
4 > symbols(safetysvmt_per_capita, 2 <0 \*‘"@ )
d o+ safetySdeaths_100k_people, 2 o IO 3]
ot circles=radius, T - —Yﬁﬁ_@'
+ inches=0.1, T
i+ Xlim=c(500,11000), 2000 4000 6000 8000 10000
"o+ ylim=c(10,30)
LR safetySvmt_per_capita
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@7 fits_starts_2018-11-15.R* | traffic_deaths_1921.2017_¢ » =

NYT Driving Safety tutorial

&) Project: (None) ~

[7]  Environment History

[ Source | Q /- ~# %% _#Source ~ % [ _#Import Dataset~ 3 Clear
35 inches=0.1, ) Global Environment +
36 x1im=c(500,11000),
;; , ylim=c(10,30) Files Plots Packages Help Viewer
39 #better but still too big as the circles overlap too ] £ zoom | H Export~ | @] | i Clear All

much. let's try .05 inches
40 symbols(safetysvmt_per_capita,

List~

41 safetySdeaths_100k_people,
42 circles-radius,
43 inches=0.03, o
44 x1im=c(500,11000), o ® o
45 ylim=c(10,30) 3 °
46 ) § ©
47 #add years to the dots. note that even though years IO
are numbers, they are really categories, labels in ] o0
this case, not really numerical values. so don't be S o®
i S S g
46:2 13 (Top Level) RScript + || & 262°° %,
T
Console =0l % » o © 90000
Let's try .05 ncnes e <., Sy
| > symbols(safetySvmt_per_capita, ° o °
|+ safetySdeaths_100k_people, ' o &°
+ circles=radius, - T . ; ' .
1+ inches=0.03,
+ x1im=c(500,11000), 2000 4000 6000 8000 10000
+ ylim=c(10,30)
+) safetySvmt_per_capita
>

School of Design — SFSU — Trogu

symbols(safety$vmt_per_capita,
safety$deaths_100k_people,
circles=radius,
inches=0.03,
x1im=c(500,11000),
y1im=c(10,30)

Now add the names (years) to each dot. Try different sizes using cex. We can make the text bigger later
in lllustrator. Note the offset values +1 and -.5: the names are not centered on dots.

LK )
o-2- 883

@7 fits_starts_2018-11-15.R* traffic_deaths_1921.2017_¢ » =[]

Rstudio

&) Project: (None)

Environment History

o Clear

List~

[ Source - % | %% [ #Source v | €% [ | 4 Import Dataset~
S0 TG UGUTIT O EUTL CEr PLOL DU SKIP CEAT Ty
51 #above to avoid over_writing the labels (double i Global Environment+
#riting); - - —
52 text(safety$vmt_per_capita-2, safety$deaths_100k_peopl = Files Plots = Packages Help Viewer =
e-2, safetySyear, cex=0.3) &  Zoom | & Export~ @ Clear All
53 #offset was too large, make -.5
54 text(safetySvmt_per_capita+1, safetySdeaths_100k_peopl
e-.5, safetySyear, cex-0.3)|
S5 #used faketrace example from Visualized This (lines
method)
56 lines(safetySvmt_per_capita, safetySdeaths 100k people = o &
, col="#bbdcd4", 1wd=2) =
57 #export plot to PDF and clean up in Illustrator 8
58 #in my example I exported the plot to a custom sized 9 9
square format to try to obtain original shape of =
graphic from NYT =]
59 o
54:82 | (Top Level) Rscript = | £
T
Console =02 » 8
+ Incnes=v.us, S
+ xlim=c(500,11000), 5] o
+ ylim=c(10,30) T o
+ - T T T T T
> #offset was too large, make -.5
> text(safety$vmt_per_capita+1l, safety$deaths_100k_people-.5, 2000 4000 6000 8000 10000
safetySyear, cex=0.3)
et CG_CONTEXT_SHOW_BACKTRACE environmental variable. safetySvmt_per_capita
>
ece RWdio
[ == &) Project: (None) ~

@7 fits_starts_2018-11-15.R* | traffic_deaths_1921.2017_¢ 3 =[]
Q Z- - | 5% | [ Source ~

O €I L EEr PLOT DUT SKIP CERT try

[ Source

Su U agu T

51 #above to avoid over_writing the labels (double

#writing);

text(safetySvmt_per_capita-2, safetyideaths_100k_peopl

e-2, safetysyear, cex-0.3)

53 #offset was too large, make -.5

54 text(safetySvmt_per_capita+1, safetySdeaths_100k_peopl
e-.5, safetySyear, cex-0.3)

55 #used faketrace example from Visualized This (lines
method)

5.

g

56 lines(safetysSvmt_per_capita, safetySdeaths_100k_people
, col="#bb4cdd", lwd=2)
57 t#export plot to PDF and clean up in Illustrator
58 #in my example I exported the plot to a custom sized
square format to try to obtain original shape of
graphic from NYT
59
56:78 | @ (Top Level) R Script +
Console =0
+)

> #offset was too large, make -.5
> text(safetySvmt_per_capita+l, safetySdeaths_100k_people-.5,
safetySyear, cex=0.3)

et CG_CONTEXT_SHOW_BACKTRACE environmental variable.

> #used faketrace example from Visualized This (lines method)
> lines(safety$vmt_per_capita, safety$deaths_100k_people, col
="#bb4cd4”, 1wd=2)

>

Environment  History
*

" Global Environment «

_Import Dataset~ 3 Clear

List~

Files Plots Packages Help Viewer
&  Zoom & Export~ ©] 3 ClearAll

o

H

e )

<] d [ e

38 / %] 4 [

2 aXS: ¥a

T a ] /&mw A./f

8 e
5 ¢

2 s

& o

2000 4000 6000 8000

safetySvmt_per_capita

10000

text(safety$vmt_per_capita+l,
safety$deaths_100k_people-.5,
safety$year,
cex=0.3

)

Now draw a line connecting all the
circles (years). Don'’t be surprised if
the line sometimes snakes
backwards, that’s when people drove
less than the previous year.

Tines(safety$vmt_per_capita,
safety$deaths_100k_people,
col="#bb4cd4",

Twd=3
)

Note that the graph is very close to
the original in the NYT. The original
started in 1950 so our new line shows
about thirty extra years on the left,
from 1921 to 1950. Note how steep
the line is in the beginning, with large

increases in the percentage of fatalities. Export the plot to PDF specifying a square format and open the
file in illustrator. Note: the code in the R file includes a couple of other plots with different variables, tested
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just for fun. But from here on we focus on cleaning up the PDF using lllustrator and trying to match the
original graph from NYT. From the original | did not include the annotations, the arrow points within the
line, or the thumbnail version of each line segment, focusing on each major change noted by a small
caption near each small images. All these things are very important, so make sure to include such
information (the annotation layer) when doing your own graph.

(1) Open file in lllustrator. (2) Select all and release clipping mask (Object —> Clipping mask —>
Release) to be able to select and delete unwanted elements like the outer box etc. (3) Try to group
different elements: all text as a group; all circles, etc. This can be done using the Select Same tool after
clicking on the desired element. (4) Unfortunately we cannot enlarge the circles all at once, as a group,
because the distance between them would also increase. So | did a few hacks with many circles on top of
each other: a middle layer circle with a very thick black border; a top layer with a smaller white fill and
border, so a thin black border overall is the result; finally a bottom layer with an even thicker white border
which separates the circles from the zig-zag line under all the dots. Make the main line red and of the
desired thickness. See the final illustration below: he overall effect is for the line and circles to look like a
road on a map, going from town to town. You can get the lllustrator file here: http://static.trogu.com/
documents/classes/523/2018/tutorials/nyt_driving_safety/driving_safety_1921_2017_2.ai
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This is the full R code used in this tutorial. File name: fits_starts_2018-11-15.R

It can be downloaded here:
http://static.trogu.com/documents/classes/523/2018/tutorials/nyt_driving_safety/
fits_starts_2018-11-15.R

#2018-11-15

#Pino Trogu -- San Francisco

#Reconstruct graphic from NYT

#used same syntax to reconstruct NYT's

#"Driving Safety in Fits and Starts"

#graphic by Hannah Fairfield, NYT, September 17, 2012
#0riginal data source for this tutorial:

#https://en.wikipedia.org/wiki/Motor_vehicle_fatality_rate_in_U.S._by_year
#import dataset of motor vehicles deaths
#in Environment --> Import dataset --> From text file
#shorten file name to "safety"
safety <- traffic_deaths_1921-2017_clean3
#above did not work because R had replaced the dash in the file name with a
period, try again:
safety <- traffic_deaths_1921.2017_clean3
#plot file
plot(safety)
#Might get this error: Error in plot.new() : figure margins too large
#Make plot window bigger (that worked)
plot(safety)
#plot just the miles driven per capita (X-axis) and the fatalities per 100K
people (y axis)
#add xTim and ylim to define ranges of data and axes Tabels
#use circles method but define the radius of the circles first. as this 1is taken
from the data, use the "circles_2000" column which has the same value (2000) for
each row. This is just a hack to be able to draw circles and size them as needed.
So the first line below simply stores those values under "radius", then the
"circles" 1ine 1in the symbols function will call that up. "inches" defines the
maximum size of the circles
radius <- (safety$circles_2000)
symbodafeafétigdvins_peoOkcppopae,
circles=radius,
inches=1,
x1im=c(500,11000),
y1lim=c(10,30)
)
#now, obviously the circles are too big
#let's try 0.1 1inches
symbols(safety$vmt_per_capita,
safety$deaths_100k_people,
circles=radius,
inches=0.1,
x1im=c(500,11000),
y1im=c(10,30)
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#better but still too big as the circles overlap too much. let's try 0.05 inches
symbols(safety$vmt_per_capita,

safety$deaths_100k_people,

circles=radius,

inches=0.05,

x1im=c(500,11000),

y1lim=c(10,30)
)
#Try still smaller: inches=0.03
symbols(safety$vmt_per_capita,

safety$deaths_100k_people,

circles=radius,

inches=0.03,

x1im=c(500,11000),

y1lim=c(10,30)
)
#add years to the dots. note that even though years are numbers, they are really
categories, labels in this case, not really numerical values. so don't be puzzled
if the years seem to go backwards at times
text(safety$vmt_per_capita, safety$deaths_100k_people, safety$year, cex=0.2)
#make year Tabel a Tittle bigger and offset from dots
#run again from earlier plot but skip text try
#above to avoid over_writing the Tabels (double #writing);
text(safety$vmt_per_capita-2, safety$deaths_100k_people-2, safety$year, cex=0.3)
#offset was too Targe, make -.5
text(safety$vmt_per_capita+l, safety$deaths_100k_people-.5, safety$year, cex=0.3)
#used faketrace example from visualized This (lines method)
Tines(safety$vmt_per_capita, safety$deaths_100k_people, col="#bb4cd4", Twd=3)
#export plot to PDF and clean up in ITlustrator
#in my example I exported the plot to a custom sized square format to try to
obtain original shape of graphic from NYT

#for fun, now plot total miles vs total population
#change xTim and ylim to reflect new ranges
#look at the columns in the dataset to find these values or run "summary"
summary (safety)
#it will give min and max values for each column (displays in console window in
RStudio); however if the values are too big they will be shortened. in that case,
go back to the dataset and simply look up the correct values.
plot(safety$vmt_units,

safety$population,

x1im=c (55000000000, 3500000000000) ,

y1im=c (110000000, 330000000)
)
#well, that was not very interesting...
#for more fun, now plot population vs fatalities percentage change
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#change xTim and ylim to reflect new ranges
plot(safety$population,
safety$times_100,
x1im=c (110000000, 330000000),
ylim=c(-30,20)
)
#add connecting lines
Tines(safety$population,
safety$times_100,
x1im=c (110000000, 330000000) ,
ylim=c(-30,20)
)
#add year Tlabels
text(safety$population,
safety$times_100-1,
safety$year,
cex=0.3
)
#that plot shows the death percentage changes for every year, but it's not as
revealing as the original plot as the NYT did it.
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