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What You Get Is What You See
– Graphics for Data Analysis
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What do you think of when you 
hear the term “graphics”?
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Some questions to ask

• Which graphics might help?
• Why?
• What stories do the graphics tell?
• Could the stories be told better?

– with reformatting
– with other graphics
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Examples from R

• Aspirin

• Anorexia

• Divorce

• Lanza

• Sexual Fun

Plus some
media examples in between

Plus some
Interactive Graphics
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Aspirin (HSAUR2)

Efficacy of Aspirin in preventing death after a myocardial infarct.

A data frame with 7 observations on the following 4 variables.

dp   number of deaths after placebo
tp total number subjects treated with placebo
da  number of deaths after Aspirin
ta  total number of subjects treated with Aspirin

Description

data("aspirin", package = "HSAUR2")
  aspirin

Suggested code

FROM THE TODAY PROGRAMME

More from Today programme

"Parents and doctors need to be

reminded that measles is a highly

contagious disease," he said.

"Even healthy and well-nourished

children, if unvaccinated, are at

risk of measles and its

complications such as pneumonia,

encephalitis and, although rare,

death."

Professor David Salisbury, director

of immunisation at the

Department of Health, said it was

"irresponsible" for parents not to

have their children vaccinated.

He said: "I think it's irrational, I think it's putting children's lives at

risk. I can see no shred of benefit.

"There is no evidence that having vaccines separately is better.

There are good reasons why it's worse."

Professor Steve Field, chairman of the Royal College of GPs, said

confidence in the MMR vaccine was returning but it was vital that

parents made sure all their children had received both doses.

"Measles is a sinister and nasty illness and shouldn't be taken

lightly."

A spokeswoman for the Royal College of Paediatrics and Child Health

said: "We cannot stress too strongly that all children and young

people should have the MMR vaccine.

"Overwhelming scientific evidence shows that the vaccine is safe."

Figures for the number of measles

cases in Scotland for 2008 are

expected to be released in March.

There had been a small increase

earlier in the year due to a cluster

of 54 cases in Greater Glasgow

and Ayrshire.

Take-up of the MMR vaccine in

Scotland though is running at around 95% for the first dose.

Northern Ireland has reported 24 probably cases of measles in 2008.
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What are these?

BBC 6th February, 2009
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Anorexia (MASS + …)

The anorexia data frame has 72 rows and 3 columns. Weight 
change data for young female anorexia patients.

This data frame contains the following columns:

Treat
Factor of three levels: "Cont" (control), "CBT" (Cognitive 
Behavioural treatment) and "FT" (family treatment).
Prewt
Weight of patient before study period, in lbs.
Postwt
Weight of patient after study period, in lbs.
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Anorexia is also in

• granova (with graphic)
• glmperm (permutation likelihood tests)
• multcompView (with graphic)
• Deducer (testing normality of data)
• pgirmess (an ecology package)
• rrcov (robust methods)
• accuracy (testing accuracy of results)

25/12/2009 9:45 AMIs Amazon Working Backward? - Bits Blog - NYTimes.com

Page 3 of 20http://bits.blogs.nytimes.com/2009/12/24/is-amazon-working-backwards/?hpw

Nick Bilton/The New York
Times Customer feedback ratings for three versions of the Amazon Kindle.

In this Newsweek interview, Mr. Bezos goes through his usual talking points discussing the future of the
book and coming competitors. But there are a few moments where the interviewer missed an opportunity to
dig deeper with Mr. Bezos. In the response to the second question, when Daniel Lyons, Newsweek’s
technology columnist, asks, “How do you define what Amazon is today?” Mr. Bezos responds, “We start
with the customer and we work backward.”

In actuality, Amazon’s Kindle customers aren’t getting any happier about the end product.

The graphs I compiled show customer feedback from Amazon.com for the three iterations of the Kindle.

25th December, 2009
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Interactive Graphics: what?

Exploring data through graphical displays

Direct manipulation of statistical objects

Fast, flexible and forgiving
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Interactive Graphics: why?

I hear and I forget

I see and I remember!    (=> graphics)

I do and I understand!    (=> interaction)

Chinese proverb
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IG and the movies

• Movies data downloaded from the web
• Just over 87,000
• Information on

- Year, Length, Budget

- Type (7 binary variables)

- Classification

- Viewers’ ratings
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Some movie questions

• What missing value patterns are there?

• What is the distribution of ratings?

• Do modern films get more votes and higher ratings?

• What sort of ratings do action films get?

• Are short films less often rated than non-shorts?

• What kind of films are long films?
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More movie questions

• What kinds of film get high ratings based on few 
votes?

• What combinations of film types are there?

• What are individual ratings distributions like for the 
most highly rated films?

• Which film titles occur most often and are these films 
all from different years?

WYGIWYS! !                              Antony Unwin!                   Oxford, 18th/25th February 2010

Interactive Graphics: how?

• Multiple views 

• Querying

• Linking 

• Sorting and reformatting 

• Zooming



WYGIWYS! !                              Antony Unwin!                   Oxford, 18th/25th February 2010

Software

• Mondrian  (Martin Theus)

– interactive graphics

– crossplatform, links to R via Rserve

• JGR (Markus Helbig/Simon Urbanek)

– GUI for R (available as R package)

•      stats.math.uni-augsburg.de
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What have we learnt?
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What You Get Is What You See
– Graphics for Data Analysis (2)

Antony Unwin
Augsburg University 
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What did you learn?

• Graphics can be informative

• You have to look at graphics carefully

• Graphics should tell a story

• Interactive graphics are powerful
– multiple views, querying, linking
– sorting and reformatting, zooming

Cardiovascular Events during World Cup Soccer

n engl j med 358;5 www.nejm.org january 31, 2008 477

lution effects were checked for linearity with the 
use of quadratic and smooth functions.12 By us-
ing forward selection with Akaike’s information 
criterion (AIC)12 for the control-period data, we 
included indicators for the year 2006 in our 
model, as well as for the days Tuesday, Saturday, 
and Sunday.

An autocorrelation plot of the Pearson residu-
als and a fitted quasi-Poisson regression analysis 
involving an additional overdispersion parameter 
clearly supported the assumptions of our model. 
Analyses were performed with the use of the glm 
and mgcv-gamm functions in the R software 
package.13,14 A P value of less than 0.05 was 
considered to indicate statistical significance; all 
tests were two-sided.

R esult s

A total of 4279 patients with acute cardiovascular 
events were included in the study. Figure 1 shows 
the numbers of cardiovascular events per day. 
The FIFA World Cup 2006 in Germany started on 
June 9, 2006, and ended on July 9, 2006. Six of 
the seven games in which the German team par-
ticipated were associated with an increase in the 
number of cardiac emergencies over the number 
during the control period.

In a match on June 9, Germany beat Costa 
Rica (match 1 in Fig. 1); there was an increase in 
the number of cardiovascular events on this day 
as compared with the mean number during the 
control period. This effect was even more pro-
nounced in the second preliminary match, when 
Germany beat Poland in a dramatic game, with 
the winning goal scored in the last minute 
(match 2). The increase in the number of events 
was less pronounced on the day of the match in 
which Germany beat Ecuador (match 3); Germany 
had already qualified for the next round.

The following matches were assumed to have 
provoked a very high level of emotional stress, 
because they were knockout games. On June 24, 
Germany beat Sweden (match 4 in Fig. 1); the 
increase in the number of cardiovascular events 
over that in the control period was pronounced. 
The quarterfinal on June 30 (match 5), in which 
Germany beat Argentina after a dramatic penalty 
shoot-out, was associated with a major increase 
in the number of events. On the day of the semi-
final, in which Germany lost to Italy and failed 
to reach the final (match 6), the number of events 

increased roughly to the same extent as on the 
day of the match against Argentina. On the day 
of the match that determined third place, in 
which Germany beat Portugal (match 7), the num-
ber of events was not increased. The final match 
(match 8), Italy versus France, was again associat-
ed with a moderate increase in cardiac events.

Barometric pressure was positively associated 
with an increase in the number of cardiovascu-
lar events (incidence ratio, 1.12 per 10 hPa), as 
were the year 2006 (1.15), Tuesday (1.13), and 
Sunday (1.07); Saturday showed a negative as-
sociation (0.78). Temperature (incidence ratio, 
0.97 per 10°C) and particulate matter with a di-
ameter smaller than 10 µm (1.01 per 10 µg per 
cubic meter) were forced a priori into the model, 
although no effect could be demonstrated dur-
ing the study period. Consequently, the incidence 
ratios listed in Tables 1 and 2 were adjusted for 
all these covariables.

Table 1 shows the incidence ratios for cardio-
vascular events. After adjustment for covariates, 
the incidence during the matches involving the 
German team was 2.66 times that during the 
control period. No decrease in the number of 
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Figure 1. Daily Cardiovascular Events in the Study Population from May 1  
to July 31 in 2003, 2005, and 2006.

The FIFA World Cup 2006 in Germany started on June 9, 2006, and ended 
on July 9, 2006. The 2006 World Cup matches with German participation 
are indicated by numbers 1 through 7: match 1, Germany versus Costa 
Rica; match 2, Germany versus Poland; match 3, Germany versus Ecuador; 
match 4, Germany versus Sweden; match 5, Germany versus Argentina; 
match 6, Germany versus Italy; and match 7, Germany versus Portugal (for 
third-place standing). Match 8 was the final match, Italy versus France.

Copyright © 2008 Massachusetts Medical Society. All rights reserved. 
Downloaded from www.nejm.org on August 20, 2009 . For personal use only. No other uses without permission. 

Study population is 
patients in the 
greater Munich area
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Graphic displays have

• Graphics
• Titles
• Captions
• (Scales, legends, annotations)
• Accompanying text

– they should all tell the same story
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Divorce (vcd)

A 4-dimensional array resulting from cross-tabulating 1036 observations on 
4 variables. The variables and their levels are as follows:

Name  Levels
                                                                                              
MaritalStatus  Divorced, Married

ExtramaritalSex  Yes, No

PremaritalSex  Yes, No

Gender  Women, Men

A sample of about 500 people who had petitioned 
for divorce, and a similar number of married 
people were asked two questions regarding their 
pre- and extra-marital sexual experience:
(1) "Before you married your (former) husband/
wife, had you ever made love with anyone else?", 
(2) "During your (former) marriage (did you) have 
you had any affairs or brief sexual encounters with 
another man/woman?"
(Thornes and Collard 1979)

Gender! Prem! Extram! Divorced!Count
m! n! n! y!   68
m! n! n! n! 130
m! n! y! y!   17
m! n! y! n!     4
m! y! n! y!   60
m! y! n! n!   42
m! y! y! y!   28
m! y! y! n!   11
w! n! n! y! 214
w! n! n! n! 322
w! n! y! y!   36
w! n! y! n!     4
w! y! n! y!   54
w! y! n! n!   25
w! y! y! y!   17
w! y! y! n!     4

For Mondrian
, , PremaritalSex = Yes, Gender = Women

             ExtramaritalSex
MaritalStatus Yes  No
     Divorced  17  54
     Married    4  25

, , PremaritalSex = No, Gender = Women

             ExtramaritalSex
MaritalStatus Yes  No
     Divorced  36 214
     Married    4 322

, , PremaritalSex = Yes, Gender = Men

             ExtramaritalSex
MaritalStatus Yes  No
     Divorced  28  60
     Married   11  42

, , PremaritalSex = No, Gender = Men

             ExtramaritalSex
MaritalStatus Yes  No
     Divorced  17  68
     Married    4 130

in R
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Figure 14: Mosaic matrix for marital status data. Each panel shows
the bivariate marginal association.

Thus we see (row 1, column 4) that marital status is independent
of gender, by design of the data collection. In the (1, 3) panel, we
see that reported premarital sex is more often followed by divorce,
while non-report is more prevalent among those still married. The
(1, 2) panel shows a similar, but stronger relation between extra-
marital sex and marriage stability. These effects pertain to the asso-
ciations of P and E with marital status—the terms [PM] and [EM]
in a loglinear model.

Among the background variables, the (2, 3) panel shows a strong
relation between premarital sex and subsequent extramarital sex,
while the (2, 4) and (3, 4) panels show that men are far more likely
to report premarital sex than women in this sample, and also more
likely to report extramarital sex.

5.2 Correspondence analysis

Correspondence analysis is an analog of principal components anal-
ysis for frequency data, designed to display the association among
categorical variables in a small number of dimensions, designed to
account for the largest proportion of the Pearson . Multiple cor-
respondence analysis extends this method to n-way tables, but dis-
plays only bivariate associations, analogous to the (marginal) mo-
saic matrix.

Figure 15 shows the 2D MCA solution for the marital status data.
This graph was prepared by the macro as follows:

From the relations among the points we see that men and women
who have reported premarital sex are far more likely to report ex-
tramarital sex than those who have not. (In the marginal [GP] [E]
table, the conditional odds ratio of extramarital sex is 3.61 for men
and 3.56 for women. Thus, extramarital sex depends on premarital
sex, but not on gender.)

Figure 16 shows the 4-way mosaic with residuals for the model
[GPE] [M], which asserts that marital status is independent of Gen-
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Figure 15: 2D multiple correspondence analysis display for marital
status data

der, Premaritial sex, and Extramarital sex jointly. From the pattern
of residuals, we may see that among those reporting no premarital
sex (bottom part of Figure 16), there is a similar pattern of cell sizes
and deviations for marital status in relation to gender and extramar-
ital sex: People who did not report premarital sexual experience are
more likely to remain married if they report no extramarital sex and
more likely to be divorced if they did. Among those who do report
premarital sex (top part of Figure 16), there is also a similar pattern
of sign of deviations, positive for those who are divorced, negative
for those who are married.
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Figure 16: Four-way mosaic for the model GPE M

The bottom line on these analyses is, if you’re going to fool
around, do it early; if you didn’t fool around early, don’t do it later,
if you want to stay married.

6 The Challenger Disaster

The space shuttle Challenger exploded 31 seconds after take-off
on January 28, 1986. Subsequent investigation determined that the
cause was failure of the O-ring seals used to isolate the fuel sup-

Divorce (Michael Friendly)
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Figure 14: Mosaic matrix for marital status data. Each panel shows
the bivariate marginal association.

Thus we see (row 1, column 4) that marital status is independent
of gender, by design of the data collection. In the (1, 3) panel, we
see that reported premarital sex is more often followed by divorce,
while non-report is more prevalent among those still married. The
(1, 2) panel shows a similar, but stronger relation between extra-
marital sex and marriage stability. These effects pertain to the asso-
ciations of P and E with marital status—the terms [PM] and [EM]
in a loglinear model.

Among the background variables, the (2, 3) panel shows a strong
relation between premarital sex and subsequent extramarital sex,
while the (2, 4) and (3, 4) panels show that men are far more likely
to report premarital sex than women in this sample, and also more
likely to report extramarital sex.

5.2 Correspondence analysis

Correspondence analysis is an analog of principal components anal-
ysis for frequency data, designed to display the association among
categorical variables in a small number of dimensions, designed to
account for the largest proportion of the Pearson . Multiple cor-
respondence analysis extends this method to n-way tables, but dis-
plays only bivariate associations, analogous to the (marginal) mo-
saic matrix.

Figure 15 shows the 2D MCA solution for the marital status data.
This graph was prepared by the macro as follows:

From the relations among the points we see that men and women
who have reported premarital sex are far more likely to report ex-
tramarital sex than those who have not. (In the marginal [GP] [E]
table, the conditional odds ratio of extramarital sex is 3.61 for men
and 3.56 for women. Thus, extramarital sex depends on premarital
sex, but not on gender.)

Figure 16 shows the 4-way mosaic with residuals for the model
[GPE] [M], which asserts that marital status is independent of Gen-
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Figure 15: 2D multiple correspondence analysis display for marital
status data

der, Premaritial sex, and Extramarital sex jointly. From the pattern
of residuals, we may see that among those reporting no premarital
sex (bottom part of Figure 16), there is a similar pattern of cell sizes
and deviations for marital status in relation to gender and extramar-
ital sex: People who did not report premarital sexual experience are
more likely to remain married if they report no extramarital sex and
more likely to be divorced if they did. Among those who do report
premarital sex (top part of Figure 16), there is also a similar pattern
of sign of deviations, positive for those who are divorced, negative
for those who are married.
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Figure 16: Four-way mosaic for the model GPE M

The bottom line on these analyses is, if you’re going to fool
around, do it early; if you didn’t fool around early, don’t do it later,
if you want to stay married.

6 The Challenger Disaster

The space shuttle Challenger exploded 31 seconds after take-off
on January 28, 1986. Subsequent investigation determined that the
cause was failure of the O-ring seals used to isolate the fuel sup-
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Questions for media graphics

• Where do the data come from?  How 
were they collected, by whom, when?

• How good are the data likely to be?

• Does the display do justice to the data?

• Do the conclusions make sense?

• Is there corroborating information?
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Lanza (HSAUR2)

Data from four randomised clinical trials on the prevention of gastointestinal damages 
by Misoprostol reported by Lanza et al. (1987, 1988a,b, 1989).

A data frame with 198 observations on the following 3 variables.

study
a factor with levels I, II, III, and IV describing the study number.

treatment
a factor with levels Misoprostol Placebo

classification
an ordered factor with levels 1 < 2 < 3 < 4 < 5 describing an ordered response variable.
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A 2-dimensional array resulting from cross-tabulating the ratings of 
91 married couples. The variables and their levels are as follows:

Name Levels
Husband Never Fun, Fairly Often, Very Often, Always Fun
Wife         Never Fun, Fairly Often, Very Often, Always Fun

Data from Hout et al. (1987) given by Agresti (1990) summarizing the responses 
of married couples to the questionnaire item: Sex is fun for me and my partner: 
(a) never or occasionally, (b) fairly often, (c) very often, (d) almost always.

Sexual Fun (vcd)
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Why visualize?

• Looking for global trends
- overall structure

• Looking for local features
- data quality
- groups or clusters
- outliers, tail distributions and extremes
- patterns of all kinds
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Graphics examples

• in R
– not always good
– usually complex
– often without a storyline

• in the media
– not always good
– sometimes with a different storyline
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Recent graphics references

Statistics and Computing

Statistics and Computing

Graphics of
Large Datasets

Visualizing a Million

Antony Unwin
Martin Theus

Heike Hofmann

springer.com

Graphics are great for exploring data, but how can they be used for looking at the
large datasets that are commonplace today? This book shows how to look at ways
of visualizing large datasets, whether large in numbers of cases or large in num-
bers of variables or large in both. Data visualization is useful for data cleaning,
exploring data, identifying trends and clusters, spotting local patterns, evaluating
modeling output, and presenting results. It is essential for exploratory data analy-
sis and data mining. Data analysts, statisticians, computer scientists—indeed any-
one who has to explore a large dataset of their own—should benefit from reading
this book.

New approaches to graphics are needed to visualize the information in large
datasets and most of the innovations described in this book are developments of
standard graphics. There are considerable advantages in extending displays which
are well-known and well-tried, both in understanding how best to make use of
them in your work and in presenting results to others. It should also make the
book readily accessible for readers who already have a little experience of drawing
statistical graphics. All ideas are illustrated with displays from analyses of real
datasets and the authors emphasize the importance of interpreting displays effec-
tively. Graphics should be drawn to convey information and the book includes
many insightful examples.

Antony Unwin holds the Chair of Computer Oriented Statistics and Data Analysis
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