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Why bother?

¥Named charts hold us back

¥How do you come up with new graphics?

¥How do you describe a new graphic?

¥How do you draw a graphic?

¥What does a familiar graphic tell us about a 
new graphic?



What canÕt the 
grammar do?

¥Determine what is a good graphic

¥Suggest graphics for a given dataset

¥Describe interaction

¥Describe what a graphic looks like 



What canÕt the 
grammar do?

¥Determine what is a good graphic

¥Suggest graphics for a given dataset

¥Describe interaction

¥Describe what a graphic looks like 

The grammar describes the structure of a graphic
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What is a graphic?

¥A mapping from data  to visual 
pr oper ties  of geometr ic sha pes

¥May involve ÒstatisticalÓ transformation

¥And a coordinate system

¥And possibly facetting

¥Each of these components is independent

Data

Aesthetics

Statistics Geoms

Coordinates

Facetting



10

15

20

25

30

35

2 3 4 5

! !

!

!

!
!

!

!

!

!

!

!

!

!

! !

!

!

!

!

!

!
!

!

!

!

!

!

!

!

!

!

m
pg

wt



Geoms

¥Point

¥Path, line

¥Polygon (connected path)

¥Interval (rectangle, bar, ribbon, area)

¥Schema (box plot)

(Formerly known as graphical objects)
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Statistical transforms

¥CanÕt see directly Ñ  changes the data

¥Some examples:

¥Counting, density estimation

¥Predictions from models, smoothing

¥Contours

¥Aggregation, means/medians

Data
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Statistic + Geom

¥Many types of named graphics are a 
combination of these:

¥histogram = bin + bar

¥smoother = loess + line

¥density plot = kde + line/area

Data

Aesthetics

Statistics Geoms

Coordinates

Facetting
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¥Continuous (size, rotation, thickness, 
gradient ...)

¥Categorical (shape, colour, ...)

¥Position, but also see coordinate systems

¥Each has a corresponding guide 
(legend or axis)

Scales
Data

Aesthetics

Statistics Geoms

Coordinates

Facetting
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Implementation 
interlude

¥Scales are hard, but critically important

¥Labelling scales are hard

¥No one publishes speciÞc details

¥Scales are not actually independent of the 
underlying geom
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Coordinate systems

¥The very last thing, and generally use default

¥However:

¥pie chart = stacked bar + polar 
coordinates

¥mosaic = hierarchical coordinate system

¥various map projections

¥parallel coordinates = projective geometry

Data

Aesthetics

Statistics Geoms
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Pie chart

¥A pie chart = a stacked bar chart in polar 
coordinates

¥Not all bad; better at some tasks

¥What would a side by side bar chart look 
like?

¥What would a mosaic plot correspond to?

¥How could we add interaction?
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Facetting

¥aka coplot, trellising, lattice graphics

¥A type of small multiples

¥Want a table of graphics 
(a type of coordinate system)

¥Describe which variables should make up 
rows and columns

¥Useful when comparing subsets of your data
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ggplot

¥An R package which implements this 
grammar

¥All the plots in this talk have been produced 
with ggplot

¥Built up from primitives using the grid 
package

¥http://had.co.nz/ggplot

http://had.co.nz/ggplot
http://had.co.nz/ggplot


Compared to R graphics
Base Lattice ggplot

Automatic legends �u �u /�q �q

Easy conditioning �u �q �q

Easy to use multiple data sources �q �u �q

Build up plot piece by piece �q �u �q

Easy to extend �u �u �q  

Consistent functions �u �u �q

Attractive defaults �u �u �q

Non-Cartesian coordinate systems �q �q �u



What is a graphic?

¥A list of defaults

¥A list of statistics + geoms

¥each with data and aesthetic mappings

¥A list of scales

¥A coordinate system (not yet implemented)

¥A facetting description



> str(p)
List of 11
 $ data       :`data.frame':    244 obs. of  7 variables:
  ..$ total_bill: num [1:244] 17.0 10.3 21.0 23.7 24.6 ...
  ..$ tip       : num [1:244] 1.01 1.66 3.5 3.31 3.61 4.71 2 3.12 1.96 3.23 ...
  ..$ sex       : Factor w/ 2 levels "Female","Male": 1 2 2 2 1 2 2 2 2 2 ...
 $ grobs      :List of 1
  ..$ :List of 4
  .. ..$ name      : chr "point"
  .. ..$ params    : list()
  .. ..$ aesthetics: list()
 $ scales     : list()
  ..- attr(*, "class")= chr "scales"
 $ defaults   :List of 2
  ..$ x: symbol total_bill
  ..$ y: symbol tip
 $ xlabel     : chr "total_bill"
 $ ylabel     : chr "tip"
 $ formula    : chr "sex ~ smoker"
 $ margins    : logi FALSE



ggplot syntax

¥Build up step by step, using the components 
previously described

¥Verbose, but can control everything

¥Build up all at once

¥Quick, but less control



> p <- ggplot(data=mtcars, aes=list(x=mpg, 
y=wt))
> p <- ggpoint(p)
> p <- pscontinuous(p, ÒxÓ)
> p <- pscontinuous(p, ÒyÓ)

> p <- pscontinuous(p, ÒxÓ, trans=trans_log)
> p <- ggpoint(p, aes=list(colour=wt))
> p <- sccolour(p)



> p <- ggplot(data=mtcars, aes=list(x=mpg, 
y=wt))
> ggpoint(p)

vs.

> qplot(mpg, wt, data=mtcars)



> p <- ggplot(data=mtcars, aes=list(x=mpg, 
y=wt))
> ggline(ggpoint(p))

vs.

> qplot(mpg, wt,data=mtcars,type=c
(ÒlineÓ,ÒpointÓ))



> p <- ggplot(data=mtcars, aes=list(x=mpg, 
y=wt))
> ggpoint(p, colour=ÒgreenÓ)

vs.

No equivalent 



The ÒhardÓ stuff

¥Implementing grammar is actually pretty 
easy

¥The hard stuff (as always) is in the details:

¥What is a good default scale for colour? 
Size? shape?

¥Where should tick marks go?

¥How can the user control the style of the 
plot?



Future work

¥Connections with rggobi

¥Hierarchical clustering example

¥Graphical MANOVA example

¥How can we deÞne types of interaction as 
easily as we deÞne what we want to display?



Studying in the US

¥Expensive to apply ($400), but worthwhile

¥Most universities provide full support if you 
are accepted

¥Much much much more theory

¥Interested in graphics?  Apply to Iowa State


