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What is a graphic?
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How to understand graphics?
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How to understand graphics?
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How to understand graphics?

 To understand graphics in general and individual graphics in particular...

* We need a grammar of graphics: fundamental principles or rules of an art or science

 This will provide a strong foundation to understand graphics of diverse types
e Grammar can help us create graphics of high quality but is not a guarantee

e After all, you can be grammatically correct and still be speaking nonsense

* We will focus on Wickham’s (2010) layered grammar of graphics
e This grammar is implemented in R through the ggplot2 package



Basic Elements of the Grammar

Data
describe observations using variables

Aesthetic Mappings
map data variables to visual qualities

Scales
map values in data space to values in
aesthetic space (create axes and legends)

Geometric objects (geoms)
constitute the objects seen on a plot
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Basic Elements of the Grammar

* Data
describe observations using variables

 Aesthetic Mappings position shape size

y

map data variables to visual qualities 1\ > 0omOA - 000

e Scales
map values in data space to values in
aesthetic space (create axes and legends)

color line width line type

e Geometric objects (geoms)
constitute the objects seen on a plot



Basic Elements of the Grammar

* Data

describe observations using variables 40-

e Aesthetic Mappings S
map data variables to visual qualities £30-

>

e Scales T
map values in data space to values in 520°

aesthetic space (create axes and legends) L
10-

* Geometric objects (geoms)
constitute the objects seen on a plot | | |
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Basic Elements of the Grammar

* Data :

describe observations using variables CyllnderS 4 = 6 3
e Aesthetic Mappings

map data variables to visual qualities Displacement
. Scales P 234567

map values in data space to values in

aesthetic space (create axes and legends) Cy|inder8 * 4 4+ 6 = 8

* Geometric objects (geoms) Displacement * 20 ® 45 @ 7.0
constitute the objects seen on a plot



Basic Elements of the Grammar

* Data .
describe observations using variables 40- .
e Aesthetic Mappings =
map data variables to visual qualities £ 30- R .
> Shlsl il ol =l S T
* Scales g SIS P . |
map values in data space to values in 520° . =' : . e $
aesthetic space (create axes and legends) T S Sl == B -1 e
10-

e Geometric objects (geoms)
constitute the objects seen on a plot | | |
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Basic Elements of the Grammar

* Data Cylinders = 4 = 6 = 8
describe observations using variables

* Aesthetic Mappings e

map data variables to visual qualities >
£ 30-

e Scales P e s
map values in data space to values in .::gzo- - ,_u
aesthetic space (create axes and legends) = f” 5 e

e Geometric objects (geoms) 10- -

constitute the objects seen on a plot
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Advanced Elements of the Grammar

o Statistical Transformations (stats)
summarize and manipulate data values

e Coordinate System
controls scale and geom positioning

 Faceting Specification
displays subsets of data in separate axes

 Theme
controls the finer points of display




Advanced Elements of the Grammar

o Statistical Transformations (stats)

summarize and manipulate data values 40-
e Coordinate System S . Class
controls scale and geom positioning £30- 3 - 2seater
- D * compact
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 Faceting Specification 2 ;'O *  minivan
displays subsets of data in separate axes 520" e " pickup
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Advanced Elements of the Grammar

o Statistical Transformations (stats)
summarize and manipulate data values

. 40-
e Coordinate System S ° Class
controls scale and geom positioning 3 '’ - 2seater
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Advanced Elements of the Grammar

o Statistical Transformations (stats)

. . 40-
summarize and manipulate data values
30- o
* Coordinate System 5 P Class
controls scale and geom positioning £ 20- 3o - 2seater
= A 3-?: » compact
. . g . > . ° midsize
 Faceting Specification g S minivan
. . o . i
displays subsets of data in separate axes S pickup
- 10- subcompact
Suv
e Theme
controls the finer points of display
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Advanced Elements of the Grammar

o Statistical Transformations (stats) 2seater compact midsize
summarize and manipulate data values id :
i s, e -
e Coordinate System
controls scale and geom positioning D minivan pickup subcompact
Exo :
e Faceting Specification >30 "1\\,\
displays subsets of data in separate axes £ 20 mune Seois e,
2 234567 234567
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e Theme 40-
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Advanced Elements of the Grammar

o Statistical Transformations (stats) 2seater compact midsize
summarize and manipulate data values 401 :
o sac || e e,
e Coordinate System
controls scale and geom positioning % minivan pickup subcompact
Exo :
* Faceting Specification >30 "1\\,\\‘
displays subsets of data in separate axes 2297 - Seois e,
2 234567 234567
T Suv
* Theme 40-
controls the finer points of display 301
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Advanced Elements of the Grammar

o Statistical Transformations (stats) 2seater compact midsize
summarize and manipulate data values
e Coordinate System

N W b
o O O

controls scale and geom positioning 2 minivan pickup subcompact
E40
 Faceting Specification >30
displays subsets of data in separate axes =
= 234567 234567

e Theme
controls the finer points of display
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Introduction to ggplot2

Download and install R

File Edit Code View Project Workspace Plots Tools Help
9l- -l B & Project: [Mone) =

[ J C I Oud - r— p roj eCt - O rg @7 diamondPricing. R 13 ] formatPlot.R _ diamonds = [7]  Workspace History =|D

2 [lsourceonsave | G #°= =% [5% [ #source » i | <fload~v | [ Savev | _*Import Dataset~ =3 Clear Al @
1 Tibrary(ggplot2) _ + Data
. ) : source("plots/formatplot.R™) diamonds 53040 obs. of 10 variables 2|
D load and install RStudio Deskto | e
Own Oa an lns a u l 5 summary (diamonds) avesize 0.7979
6 .
7 summary(diamondsSprice) clarity character [8]
d - /d I d 8 aveSize <- round(mean{diamondsScarat), 4) p ggplot[8]
9 clarity <- Tevels(diamondsfclarity)
 www.rstudio.com/Zdownioa 0 y - y Functons
11 p <- gplot(carat, price, format.plot(plot, size)
12 data=diamonds, color=clarity,
13 xlab="cCarat", ylab="price",
o 14 main="Diamond Pricing™)
e O RStudio Deskto z | e -
€n udl e : =
G A zoom  EBporte | @] | § Clear Al @

" Diamond Pricing

e Install the ggplot2 package (first time)

s .
Console =0 T
x % z = T Clarity
- iy 'L Min. 1 0,000 mMin. : 0,000 Mmin. : 0.000 i 1
o | nstal I packages( ggp I 0t2 ) 15T Qu.i 4.710  1st qu.: 4.720  1sT qQu.: 2.910
- Median : 5.700 Median : 5.710 Median : 3.530 i 512
Mean : 5.731 Mean : 5.735 Mean : 3.539 + =i
3rd Qu.: 6.540 3Ird qQu.: 6.540 3rd Qu.: 4.040
Max. :10.740 max. :58.900 Max. :31. 800 Price ' *ovsZ
) > summary (diamonds $price) o .
* Load the ot2 package (every time
326 950 2401 3933 5324 18820 * wvs2
avesize <- round(mean{diamonds$carat), 4) st

clarity <- levels(diamonds$clarity)
p <- gplot(carat, price,

>
>
- >
+ data=diamonds, color=clarity,
g I I b rary(ggp I Ot2) + xlab="carat", ylab="price",
+
>
>
>

main="Diamond Pricing")

format.plot(p, size=24) |=|




Introduction to ggplot2

# Create graphic and add data
layerO <- ggplot(data = cars)



Introduction to ggplot2

# Add aesthetic mappings
layerl <- ggplot(

40-
data = cars,
mapping = aes(
x = displ, 30+
y = hwy, 9
color = cyl =
20-
)
)
d1s g

displ

cyl

[ [ ] ®

o b



Introduction to ggplot2

# Configure x, y, and color scales 50-
layer2 <- layerl +
scale_x_continuous( 40-
name = "Displacement (L)', =
limits = c(0, 8) £ 0.
) + =
scale_y continuous( E 20-
name = "Highway (mpg)", ;?
limits = c(0, 50) 10-
) +
scale _color_discrete(

name = "Cylinders"

2 4 6
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Cyl

L]

Inders

4
6
8



Introduction to ggplot2

# Plot data as points based on (X,Y) 50-
layer3 <- layer2 +
geom_point( i
shape = "circle", =
_ _ 5 > |
T S 2 Cylinders
) 3 g e
= Soo 3% 3 8 6
-C20- N ..: [ ] ? ® 8
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Introduction to ggplot2

# Add linear model plots 50-
layerd <- layer3 +
geom_smooth( 40-
method = "Im", =
se = TRUE £ 0.
) 3
Ex0
D
I
10-

2 4 6
Displacement (L)

Cylinders



Introduction to ggplot2

# Configure theme for printing
layer5 <- layer4 +
theme _bw() +
theme(legend.position = "top")

Highway (mpg)
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Exporting Graphics from ggplot2

* goplots are created and saved as vectors # Save plot as PNG for PowerPoint
 They can be exported in various formats # Set to 6x5" at 300 dots per inch
o Vectors: SVG, PDE EPS, etc. ggsave(
e Rasters: JPEG, PNG, TIFF, etc. file = "figl.png”,
plot = layers5,
width = 6,
height = 5,
.........=:::E:. units = "in",
VECTOR RASTER




Visualization Workflow

Define before you design! Design is a process!

1. Define your purpose 6. Consider the grammar
2. Define your audience 7. Create some prototypes
3. Define your data 8. Solicit feedback

4. Define your message 9. Update your designs

5. Define your values 10. Iterate until satisfied



Visualization Workflow

Define before you design!
 Why am I creating this graphic?

1. Define your purpose o

e What are my goals for this graphic?
2. Define your audience

e What level of "polish" is needed?

3. Define your data

"+ What format will it be displayed in?
4. Define your message

e What constraints on design exist?
5. Define your values




Visualization Workflow

Define before you design!
 Who is the graphic intended for?
1. Define your purpose

e What do they already know?

2. Define your audience e

e What do they need to know?
3. Define your data

" * What will they understand?
4. Define your message

e What will they be expecting?
5. Define your values




Visualization Workflow

Define before you design!
 What data will be included?
1. Define your purpose
e Which observations to include?
2. Define your audience

e Which variables to include?

3. Define your data e |

" * Which groupings to enforce?
4. Define your message
e Will it use raw or summary scores?
5. Define your values




Visualization Workflow

Define before you design!
 What is the main take-away?
1. Define your purpose
e What should viewers conclude?
2. Define your audience
» How confident should they be?
3. Define your data

| > e What emotions should they feel?

4. Define your message @

e What questions are they left with?
5. Define your values




Define before you design!

1.
2.

Visualization Workflow

Define your purpose
Define your audience

Define your data

Define your message

Define your values ®

e What values are to be emphasized?

e What techniques can achieve them?

Honesty

." Accessibility
."‘

Flexibility

Beauty Clarity




Visualization Workflow

<—e [esign is a process!
e How many graphics are needed?
6. Consider the grammar

e Which mappings make sense?
7. Create some prototypes

e Which geoms and stats to use?
8. Solicit feedback

e Where are the eyes drawn?
9. Update your designs

e Is the message getting across?
10. Iterate until satisfied

e Was the purpose achieved?




Visualization Resources

Books ggplot2 Extensions

* R for Data Science  Stats and Geoms: ggrepel, ggforce

» goplot2: Elegant Graphics for Data Analysis » Coordinate Systems: ggtern, circumplex

* The Truthful Art: Data, Charts, and Maps... * Scales: scales, colorbrewer, viridis

e This Visual Display of Quantitative Information e More information at ggplot2-exts.org
Websites Alternatives

e ggplot2.org  Other R packages: ggvis, shiny, r2d3

* rstudio.com/resources/cheatsheets/ » Other languages: D3, matplotlib, plotly

* stackoverflow.com  Paid Software: Tableau, Adobe Illustrator

 color.adobe.com » Other Software: Excel, SAS, STATA, SPSS, etc.
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