
Toolbox
A set of direct manipulations that 

we apply to a set of plot types
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20 2 The Toolbox

manipulation, which is discussed later in the chapter. We also use histograms,
where bar height represents either the count or the relative frequency of values
within a bin range; we usually use the count. These are examples of “area
plots,” in which observations are aggregated into groups and each group is
represented by a single symbol (in this case, a rectangle). Area plots are
especially useful when the number of points is large enough to slow down the
computer’s response time or to cause over-plotting problems.

The plots in Fig. 2.1 show three different univariate plots for the column
X3 (frontal lobe), for a subset of the data corresponding to the female crabs
of the Blue species. The first plot is a histogram, and the next two are dot
plots.
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Fig. 2.1. Univariate displays: Histogram, textured dot plot, and average shifted
histogram of frontal lobe of the female crabs of the Blue species. We see bimodality
in the distribution of values, with many cases clustered near 15 and another cluster
of values near 12.

In a dot plot, each case is represented by a small circle (i.e., a dot). Since
there are usually several dots with the same or similar values, some methodHistogram
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manipulation, which is discussed later in the chapter. We also use histograms,
where bar height represents either the count or the relative frequency of values
within a bin range; we usually use the count. These are examples of “area
plots,” in which observations are aggregated into groups and each group is
represented by a single symbol (in this case, a rectangle). Area plots are
especially useful when the number of points is large enough to slow down the
computer’s response time or to cause over-plotting problems.

The plots in Fig. 2.1 show three different univariate plots for the column
X3 (frontal lobe), for a subset of the data corresponding to the female crabs
of the Blue species. The first plot is a histogram, and the next two are dot
plots.
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Fig. 2.1. Univariate displays: Histogram, textured dot plot, and average shifted
histogram of frontal lobe of the female crabs of the Blue species. We see bimodality
in the distribution of values, with many cases clustered near 15 and another cluster
of values near 12.

In a dot plot, each case is represented by a small circle (i.e., a dot). Since
there are usually several dots with the same or similar values, some method
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Fig. 2.2. Barchart and spine plot of day in the Tips data. There are relatively fewer
records on Friday, as we can see in both plots. Friday’s bar is the shortest one in
the barchart (left) and the narrowest one in the spine plot.

Blue Australian Crabs. The plot shows a strong linear relationship between rear
width and frontal lobe. In the second plot, we have shown a transformation of
the data: the same two variables after they have been sphered using a principal
component transformation, which has removed the linear relationship.

Scatterplots are often enhanced by overlaying density information using
contours, color, or a grayscale. If one variable can be considered a response and
the other an explanatory variable, we may add regression curves or smoothed
lines.
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Fig. 2.3. Bivariate scatterplots for the Blue female Australian Crabs. The scatterplot
of rear width against frontal lobe (left) shows a strong linear relationship. The plot
of principal component 2 against principal component 1 shows that the principal
component transformation removes the linear relationship.
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Fig. 2.2. Barchart and spine plot of day in the Tips data. There are relatively fewer
records on Friday, as we can see in both plots. Friday’s bar is the shortest one in
the barchart (left) and the narrowest one in the spine plot.

Blue Australian Crabs. The plot shows a strong linear relationship between rear
width and frontal lobe. In the second plot, we have shown a transformation of
the data: the same two variables after they have been sphered using a principal
component transformation, which has removed the linear relationship.

Scatterplots are often enhanced by overlaying density information using
contours, color, or a grayscale. If one variable can be considered a response and
the other an explanatory variable, we may add regression curves or smoothed
lines.
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Fig. 2.3. Bivariate scatterplots for the Blue female Australian Crabs. The scatterplot
of rear width against frontal lobe (left) shows a strong linear relationship. The plot
of principal component 2 against principal component 1 shows that the principal
component transformation removes the linear relationship.Parallel 
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2.2.3 Multivariate plots

Parallel coordinate plots for categorical or real-valued variables

Parallel coordinate plots (Inselberg 1985, Wegman 1990) are frequently
used for examining multiple variables, looking for correlations, clustering in
high dimensions, and other relationships. The plots are constructed by laying
out the axes in parallel instead of in the more familiar orthogonal orientation
of the Cartesian coordinate system. Cases are represented by a line trace
connecting the case value on each variable axis. Mathematician d’Ocagne
(1885) was the first to explain the geometry of a parallel coordinate plot,
and how it is that a point on a graph of Cartesian coordinates transforms into
a line in this other space.
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Fig. 2.5. Parallel coordinate plot of six of the seven variables of the Australian
Crabs data, with males and females identified as green rectangles and purple circles,
respectively. The relatively flat traces indicate strong correlation between variables.

Figure 2.5 shows a parallel coordinate plot of one categorical variable,
sex, and the five physical measurement variables of the Blue species of the
Australian Crabs. The female crabs are shown by purple circles, and the male
crabs are shown by green rectangles. We first note that the trace for each
crab is relatively flat, which indicates strong correlation between variables. (A
small crab, for example, is small in all dimensions.) Second, the lines for males
and females cross between frontal lobe, rear width, and carapace length, which
suggests that the differences between males and females can be attributed to
rear width.

The order in which the parallel axes are positioned influences the viewer’s
ability to detect structure. Ordering the layout by a numerical measure, such
as correlation between variables, can be helpful. When the variables have a
natural order, such as time in longitudinal or repeated measures, these plots

Scatterplot 
matrix

“book”
2007/6/14
page 25!

!
!

!

!
!

!
!

2.2 Plot types 25

are essentially the same as profile plots. Parallel coordinate plots are also
the same as interaction plots, which are used in plotting experimental data
containing several factors.

Scatterplot matrix, for categorical or real-valued variables
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!

!!!!
!!!!

!!!
!!!! !!!

!!!!!! !! !!
! ! !!!!!!!!!! !! !!

! !
!!

!

!

!!!!
!!
!!

!!!
!!!!!!!

!!!!!!!
!!

!
!!!!!!! !!!!!!!!!

! !
!!

!

!

!!!!
!!
!!

!!! !!!!!!!
!!!!!
!!!

!!
!!!!!!!!!!!!!!!!

! !
!!

!

!

!!!
! !!!! !! !!!!!!!!

!!!!!!!!
! !

!! !!!!! !!! !! !! !! !!
!!

!

!

!
!!!

!
!!
!!

!!

!!
!

!

!
!
!

!
!
!!

!!
!
!
!
!

!
!
!
!

!!
!
!!

!
!!

!

!

!!

!

!

!! !

rear width

!

!
!!!

!
!!
!!
!!

!!
!

!

!
!
!

!
!
!!

!!
!
!
!

!
!
!

!
!

!!
!

!!

!
!!

!

!

!!

!

!

!! !

!

!
!!!

!
!!
!!
!!

!!
!

!

!
!
!

!
!
!!

!!
!
!
!
!
!
!

!
!

!!
!

!!

!
!!

!

!

!!

!

!

!! !

!

!
!!!

!
!!! !
! !

!!
!

!

!
!

!

!
!

!!

!!
!
!
!

!
!

!
!
!

!!
!

!!

!
!!

!

!

!!

!

!

!! !

!

!!!
!!

!!!
!!!

!!!
!
!
!!

!
!!
!!!!

!!
! !!

!
!
!!!
!
!!
!!
!!!!!

!
!!

!

!

!!!
! !!!!

!!!
!!!

!
!

!! !
!!

!!! !! !
!! !

!
!

!!!
!
!!

!!
!! !!!

!
!!

!

car length

!

!!!
!!!!

!!!!
!!!

!
!

!!
!
!!
!!!!
!!

!!!
!
!

!!!
!
!!
!!
!!!!!

!
!!

!

!

!!!
! !!!! !! !

!!!
!

!
!!!

!!
!!!!!!

!!!
!
!

!!!
!

!!
!!

!! !! !

!
!!

!

!

!
!!!

!!!
!!!

!
!!!!
!
!!

!!!!!
!!!

!
! !!

!!!!!
!!!
!!
!!
!!!

!
!!

!

!

!
!!!

!!!!
!!

!
!!!!

!
!!

!!!!!! !!
!

!! !
!!

!!!
!!!

!!
!!
!!!

!
!!

!

!

!
!!!

!!!
!!!

!
!!!!

!
!!

!!!!!!!!
!

!!!
!!
!!!

!!!
!!
!!
!!!

!
!!

!

car width

!

!
!!!

!!!! !!
!

!!!!
!

!!
!!!!!!!!

!
!!!

!!!!!
!!!
!!

!!
!! !
!

!!

!

!

!!!!
!!

!
!
!
!

!
!!!!
!
!
!!

!
!!!!!

!!

!
!
!

!!
!!
!

!
!!
!

!
!!

!

!

!!

!!

!

!

!!!!
!!

!
!

!
!

!
!!!!

!
!

! !
!

!!!! !! !

!
!

!

!!
!!

!

!
!!

!

!
!!

!

!

! !

!!

!

!

!!!!
!!
!
!
!
!

!
!!!!

!
!
!!

!
!!!!!

!!

!
!
!

!!
!!
!

!
!!
!

!
!!

!

!

! !

!!

!

!

!!!!
!!
!
!
!

!

!
!!!!
!

!
! !

!
!!!!!

!!

!
!
!

!!
!!
!

!
!!
!

!
!!

!

!

! !

!!

!

body depth

Fig. 2.6. Scatterplot matrix of the five real-valued variables in Australian Crabs. The
scatterplot matrix is a display of related plots, in an arrangement that allows us to
learn from seeing them in relation to one another. All five variables are strongly
linearly related, but some structure can be observed.

The scatterplot matrix (draftsman’s plot) contains pairwise scatterplots
of the p variables laid out in a matrix format. It is a compact method for
displaying a number of relationships at the same time, and it offers something
more, because this sensible plot arrangement allows us to simultaneously make
comparisons among all the plots. As with parallel coordinate plots, it is often
useful to re-order variables to highlight comparisons.

Figure 2.6 displays a scatterplot matrix of the five physical measurement
variables of the males and females for the Blue species of the Australian Crabs,
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Brushing is most commonly used when multiple plots are visible and some
linking mechanism exists between the plots. There are several different con-
ceptual models for brushing and a number of common linking mechanisms.

Brushing as database query

We can think about linked brushing as a query of the data. Two or more
plots showing different views of the same dataset are near one another on the
computer screen. A user poses a query graphically by brushing a group of plot
elements in one of the plots. The response is presented graphically as well, as
the corresponding plot elements in linked plots are modified simultaneously.
A graphical user interface that supports this behavior is an implementation
of the notion of “multiple linked views,” which is discussed in Ahlberg et al.
(1991) and Buja et al. (1991).

To illustrate, we set up two pairwise scatterplots of data on Australian
Crabs, frontal lobe vs. rear width and sex vs. species. (In the latter plot, both
variables are jittered.) These plots, shown in Fig. 2.12, are linked, case to case,
point to point. We brush the points at the upper left in the scatterplot of sex
vs. species, female crabs of the Blue species, and we see where those points
appear in the plot of frontal lobe vs rear width. If we were instead working
with the same data in a relational table in a database, we might pose the
same question using SQL. We would issue the following simple SQL query
and examine the table of values of frontal lobe and rear width that it returns:

SELECT frontal_lobe, rear_width FROM Australian_Crabs
WHERE sex = female AND species = Blue
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Fig. 2.12. A dynamic query posed using linked brushing. The points corresponding
to sex = female and species = Blue are highlighted.
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cases with the corresponding levels are brushed — in that plot and in any
linked plots. Linking by variable enables us to achieve the same effect within
point plots.

Figure 2.14 illustrates another example of m-to-n linking. The data
(Wages) contains 6,402 longitudinal measurements for 888 subjects. We treat
the subject identifier as a categorical variable, and we specify it as our link-
ing variable. When we brush any one of a subject’s points, all other points
corresponding to this subject are simultaneously highlighted — and in this
instance, all connecting line segments between those points as well. In this
case, we link m points in the dataset with n edges.
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Fig. 2.14. Linking by subject identifier in longitudinal data, Wages, for two different
subjects. The linking rule specifies linking by subject ID, so brushing one point
causes all m points and n edges for that subject to be highlighted.

As we have just illustrated, we can link different kinds of objects. We can
brush a point in a scatterplot that is linked to an edge in a graph. Figure 2.15
illustrates this using the Aradopsis Gene Expression data. The left plot shows
the p-values vs. the mean square values from factor 1 in an analysis of aariance
(ANOVA) model; it contains 8,297 points. The highlighted points are cases
that have small p-values but large mean square values; that is, there is a lot
of variation, but most of it is due to the treatment. The right plot contains
16,594 points that are paired and connected by 8,297 line segments. One line
segment in this plot corresponds to a point in the left-hand scatterplot.

Persistent vs. transient — painting vs. brushing

Brushing scatterplots can be a transient operation, in which points in the
active plot only retain their new characteristics while they are enclosed or
intersected by the brush, or it can be a persistent operation, so that points
retain their new appearance after the brush has been moved away. Transient
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Fig. 2.15. Linking between a point in one plot and a line in another, using Arabidop-
sis Gene Expression. The line segments in the right-hand plot correspond exactly to
the points in the left-hand plot.
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Fig. 2.16. Transient brushing contrasted with persistent painting. A sequence of
transient operations (top row), in which the points return to their previous color
when the brush moves off. In persistent painting (bottom row), points retain the
new color.
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Fig. 2.15. Linking between a point in one plot and a line in another, using Arabidop-
sis Gene Expression. The line segments in the right-hand plot correspond exactly to
the points in the left-hand plot.
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Fig. 2.16. Transient brushing contrasted with persistent painting. A sequence of
transient operations (top row), in which the points return to their previous color
when the brush moves off. In persistent painting (bottom row), points retain the
new color.
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Fig. 2.15. Linking between a point in one plot and a line in another, using Arabidop-
sis Gene Expression. The line segments in the right-hand plot correspond exactly to
the points in the left-hand plot.
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Fig. 2.16. Transient brushing contrasted with persistent painting. A sequence of
transient operations (top row), in which the points return to their previous color
when the brush moves off. In persistent painting (bottom row), points retain the
new color.
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brushing is usually chosen for linked brushing, as we have just described.
Persistent brushing is useful when we want to group the points into clusters
and then proceed to use other operations, such as the tour, to compare the
groups. It is becoming common terminology to call the persistent operation
“painting,” and to reserve “brushing” to refer to the transient operation.

Painting can be done automatically, by an algorithm, rather than relying
on mouse movements. The automatic painting tool in GGobi will map a color
scale onto a variable, painting all points with the click of a button. (The GGobi
manual includes a more detailed explanation.) Using the rggobi package, the
setColors and setGlyphs commands can be used to paint points.

2.3.2 Identification

Identification, which could also be called labeling or label brushing, is another
plot manipulation that can be linked. Bringing the cursor near a point or edge
in a scatterplot, or a bar in a barchart, causes a label to appear that identifies
the plot element. An identification parameter can be set that changes the
nature of the label. Figure 2.17 illustrates different attributes shown using
identification in GGobi: row label, variable value, and record identifier. The
point highlighted is a female crab of the Orange species, with a value of 23.1 for
frontal lobe, and it is the 200th row in the data matrix. Generally, identifying
points is best done as a transient operation, but labels can be made to stick
persistently. You will not be tempted to label many points persistently at the
same time, because the plot will be too busy.
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Fig. 2.17. Identifying points in a plot using three different labeling styles. The same
point is labeled with its row label, variable value, or record identifier.

2.3.3 Scaling

Scaling maps the data onto the window, and changes in that mapping function
help us learn different things from the same plot. Scaling is commonly used
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to zoom in on crowded regions of a scatterplot, and it can also be used to
change the aspect ratio of a plot, to reveal different features of the data.

In the simple time series example shown in Fig. 2.18, we look at average
monthly river flow plotted against time. The left plot shows the usual default
scaling: a one-to-one aspect ratio. We have chosen this aspect ratio to look for
global trends. An eye for detail might spot a weak trend, up and then down,
and some large vertical gaps between points at the middle top.

The vertical gap can be seen even more explicitly if we zoom in (as you can
try on your own), and there is a likely physical explanation: a sudden increase
in river flow due to spring melt, followed by an equally sudden decline.

In the right plot, the aspect ratio has been changed by shrinking the verti-
cal scale, called banking to 45o by Cleveland (1993). This reveals the seasonal
nature of the river flow more clearly, up in the spring and down in the summer
and fall.

As you can see, no single aspect ratio reveals all these features in the data
equally well. This observation is consistent with the philosophy of exploratory
data analysis, as distinct from a completely algorithmic or model-based ap-
proach, which may seek to find the “optimal” aspect ratio.
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Fig. 2.18. Scaling a plot reveals different aspects of the River Flow data. At the
default aspect ratio, a weak global trend is visible, up then down, as well as vertical
gaps at the top. Flattening the plot highlights its seasonality.

2.3.4 Subset selection

Data analysts often partition or subset a data matrix and work with a portion
of the cases. This strategy is helpful for several reasons. Sometimes the number
of records is simply too large, and it slows down the computational software



Your turn
1. Open the olive oils data
  a. Generate a barchart of area and a scatterplot of eicosenoic vs. linoleic. 
Highlight South-Apulia. How would you describe the marginal distribution in 
linoleic and eicosenoic acids for the oils from South Apulia relative to the other 
areas?
  b.  Generate a grand tour of oleic, linoleic, arachidic, and eicosenoic. Describe 
the clustering in the 4D space in relationship to difference between the three 
regions.

2. Open the wages data, and use linking by subject to 
identify a man:
  a.  whose wage is relatively high after 10 years of experience.
  b.  who had a high salary at the start of his workforce experience and a lower 
salary subsequently.
  c. who has had a relatively high wage, and who has a graduate 
equivalency diploma.



Timeline
20 mins Toolbox

30 mins Missing values

45 mins Supervised 
Classification

45 mins Unsupervised 
Classification

30 mins Inference

Break


