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http://www.fields.utoronto.ca/live


Background

• Statistical graphics

• Information 
visualization

• Scientific visualization

• Journalism
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2018

Me to Fanny –

“are Chernoff faces 
a thing now?”

Fanny Chevalier
U Toronto
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2018

Me to Fanny –

“are Chernoff faces 
a thing now?”

Fanny to me –

“a great seminal 
example of rich 
glyph-based 
visualization”

Fanny Chevalier
U Toronto
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2008                                                    “Smile if you bunt”
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1983

April 27 2018 Chernoff Symposium 16

“… we would appear to have reached the 
limit of graphical economy of presentation, 
imagination, and, let it be admitted, 
eccentricity”



1972
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The Use of Faces to Represent Points in k-
Dimensional Space Graphically

HERMAN CHERNOFF *

A novel method of representing multivariate data is presented. Each
point in k-dimensional space, kS18. is represented by a cartoon of a
face whose features, such as length of nose and curvature of mouth,
correspond to components of the point. Thus every multivariate ob-
servation is visualized as a computer-drawn face. This presentation
makes it easy for the human mind to grasp many of the essential reg-
ularities and irregularities present in the data. Other graphical repre-
sentations are described briefly.

1. INTRODUCTION
A graphical method of representing points in k-dimen-

sional space is presented for consideration. The object is
to represent multivariate data, subject to strong but
possibly complex relationships, in such a way that an
investigator can quickly comprehend relevant informa-
tion and then apply appropriate statistical analysis. The
method consists of representing a point in k-dimensional
space by a drawing of a face whose characteristics are
determined by the position of the point. A sample of
points in k-dimensional space is represented by a collec-
tion of faces.
In the next section, two illustrations are sketched

briefly. In one of these, where the investigator was
interested in a cluster analysis, his task was merely to
group together those faces which resembled each other.
In the second, where the investigator was interested in
detecting time points where a multivariate stochastic
process changed character, he had to look at the sequence
of faces corresponding to successive points in time to
locate the places where the faces changed character.
Following sections discuss the potential advantage of

this graphical method over that of looking at numerical
data and consider some alternative approaches to and
predecessors of this method. Some documentation which
relates the data to the faces is contained in the Appendix.

2. ILLUSTRATIONS

We present two examples illustrating this repre-
sentation.

*Herman Chernoff is profeseor and chairman, Department of Statistics, Stanford
University, Stanford, Calif. 94305. This work was supported in part by the Office of
Naval Research, Contract NOOO14-67-A·01l2-0051 (NR 042-993). The author
wishes to thank Mrs. Elizabeth Hinkley for her excellent work in writing the
computer program and arranging it for convenient use. He also wishes to thank
the referees and the editors for their comments and suggestions.

2.1 Fossil Data
Eight measurements were made on each of 88 num-

mulited specimens from the Eocene Yellow Limestone
Formation of northwestern Jamaica. Two measurements
thought to be age-dependent were discarded. One speci-
men (Number 34) was rejected because of a permutation
in an early copy of the measurements for that specimen
which cast doubt upon its accuracy. The data for Example
1 (see Table I' in the appendix) represent

Zl inner diameter of embryonic chamber (in microns)
Z2 total number of whorls
Z, number of chambers in first whorl
Z. number of chambers in last whorl
Z, maximum height of chambers in first whorl (in microns)
Z. maximum height of chambers in last whorl (in microns)

The 87 faces corresponding to the 87 remaining speci-
mens are presented in sequential order as indicated in
Figure lA. This order was selected after the data had been
grouped into three clusters by an analytic technique [9].
The number at the bottom and left of each face is a

randomly selected code number. Because the data were
handled in two subgroups, these code numbers - are
repeated twice but half were marked with a cross. The
sequence or i.d. numbers at the bottom right were added
for publication. It is immediately obvious how these
faces divide into three distinct clusters. This division is
obvious partly because of the order in which the faces are
presented. When copies were made, separated and mixed
up without i.d. numbers and then given to people to
cluster visually, these people selected the same clusters.
On several occasions there were one or two discrepancies.
The people, having the random code number but not
the sequence number had no way of knowing except
through the faces what grouping was expected.
A follow-up attempt to separate the large cluster of

the first 40 faces (1-41 with 34 omitted) into subclusters
seemed to be difficult, and results by various individuals
were inconsistent with one another. Since the ranges of
the variables in the first 40 specimens were smaller than
for the 87 specimens, it seemed reasonable to magnify the
effects of variation by renormalizing the data according
to the ranges in the first 40 specimens. A new set of faces
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lA. FACES FOR 87 FOSSIL SPECIMENS OF EXAMPLE 1

FIG.IA

was produced and is presented in Figure lB. I clustered
these visually. The groups were: .

I: (1, 2, 3, 9, 22, 29)
II: (4,5,6,7,8)
III: (10, 11, 14, 23, 25, 26, 27)
IVa: (13, 15, 16, 17, 18, 19, 20)
IVb: (12, 24)
V: (21, 28, 30, 31, 37, 38, 39, 40, 41)
VI: (32, 33, 35, 36)

where IVb seemed to be similar to but slightly different
from IVa. Professor Switzer also clustered them visually.
He obtained:

Ia: (1, 2, 3, 9, 22, 29)
Ib: (4, 5, 12,24)
Ie: (13, 15, 16, 17, 18, 19)
II: (6,7,8)
III: (10, 11, 14, 20, 21, 23, 25, 26, 27, 28, 31)
IV: (30, 32, 33, 35, 36, 37, 38, 40, 41)

which, though not in complete agreement with my groups,
has substantial similarity.

As presented these lists do not completely do justice
to the information obtained from the faces. They do not
indicate which specimens are obviously members of a
group and which were regarded as borderline. Each
specimen was forced into some group, whereas one would
ordinarily be inclined to separate out peculiar cases or
outliers.
Finally, in connection with this example a graph of

(Z6, Z6) is presented for these specimens since these
variables seemed important in the set of 87 specimens.
See Figure lC.

2.2 Geological Data
Mineral analysis data from a 4,500-foot core drilled

from a Colorado mountainside yielded 12 variables, pre-
sented in Table 2' of the appendix. These represent assays
of seven mineral contents by one method and repeated
assays of five of these by a second method. These twelve
variables were observed on each of 53 equally spaced

April 27 2018 Chernoff Symposium 18



The rise of the machine

• “

April 27 2018 Chernoff Symposium 19

362 Journal of the American Statistical Association, June 1973

lA. FACES FOR 87 FOSSIL SPECIMENS OF EXAMPLE 1

FIG.IA

was produced and is presented in Figure lB. I clustered
these visually. The groups were: .

I: (1, 2, 3, 9, 22, 29)
II: (4,5,6,7,8)
III: (10, 11, 14, 23, 25, 26, 27)
IVa: (13, 15, 16, 17, 18, 19, 20)
IVb: (12, 24)
V: (21, 28, 30, 31, 37, 38, 39, 40, 41)
VI: (32, 33, 35, 36)

where IVb seemed to be similar to but slightly different
from IVa. Professor Switzer also clustered them visually.
He obtained:

Ia: (1, 2, 3, 9, 22, 29)
Ib: (4, 5, 12,24)
Ie: (13, 15, 16, 17, 18, 19)
II: (6,7,8)
III: (10, 11, 14, 20, 21, 23, 25, 26, 27, 28, 31)
IV: (30, 32, 33, 35, 36, 37, 38, 40, 41)

which, though not in complete agreement with my groups,
has substantial similarity.

As presented these lists do not completely do justice
to the information obtained from the faces. They do not
indicate which specimens are obviously members of a
group and which were regarded as borderline. Each
specimen was forced into some group, whereas one would
ordinarily be inclined to separate out peculiar cases or
outliers.
Finally, in connection with this example a graph of

(Z6, Z6) is presented for these specimens since these
variables seemed important in the set of 87 specimens.
See Figure lC.

2.2 Geological Data
Mineral analysis data from a 4,500-foot core drilled

from a Colorado mountainside yielded 12 variables, pre-
sented in Table 2' of the appendix. These represent assays
of seven mineral contents by one method and repeated
assays of five of these by a second method. These twelve
variables were observed on each of 53 equally spaced



The rise of the machine

• “

April 27 2018 Chernoff Symposium 20

362 Journal of the American Statistical Association, June 1973

lA. FACES FOR 87 FOSSIL SPECIMENS OF EXAMPLE 1

FIG.IA

was produced and is presented in Figure lB. I clustered
these visually. The groups were: .

I: (1, 2, 3, 9, 22, 29)
II: (4,5,6,7,8)
III: (10, 11, 14, 23, 25, 26, 27)
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where IVb seemed to be similar to but slightly different
from IVa. Professor Switzer also clustered them visually.
He obtained:

Ia: (1, 2, 3, 9, 22, 29)
Ib: (4, 5, 12,24)
Ie: (13, 15, 16, 17, 18, 19)
II: (6,7,8)
III: (10, 11, 14, 20, 21, 23, 25, 26, 27, 28, 31)
IV: (30, 32, 33, 35, 36, 37, 38, 40, 41)

which, though not in complete agreement with my groups,
has substantial similarity.

As presented these lists do not completely do justice
to the information obtained from the faces. They do not
indicate which specimens are obviously members of a
group and which were regarded as borderline. Each
specimen was forced into some group, whereas one would
ordinarily be inclined to separate out peculiar cases or
outliers.
Finally, in connection with this example a graph of

(Z6, Z6) is presented for these specimens since these
variables seemed important in the set of 87 specimens.
See Figure lC.

2.2 Geological Data
Mineral analysis data from a 4,500-foot core drilled

from a Colorado mountainside yielded 12 variables, pre-
sented in Table 2' of the appendix. These represent assays
of seven mineral contents by one method and repeated
assays of five of these by a second method. These twelve
variables were observed on each of 53 equally spaced

“At this time the cost of drawing these faces is about 20 to 25 cents per 
face on the IBM 360-67 at Stanford University using the Calcomp Plotter. 
Most of this cost is in the computing, and I believe that it should be 
possible to reduce it considerably”
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was produced and is presented in Figure lB. I clustered
these visually. The groups were: .

I: (1, 2, 3, 9, 22, 29)
II: (4,5,6,7,8)
III: (10, 11, 14, 23, 25, 26, 27)
IVa: (13, 15, 16, 17, 18, 19, 20)
IVb: (12, 24)
V: (21, 28, 30, 31, 37, 38, 39, 40, 41)
VI: (32, 33, 35, 36)

where IVb seemed to be similar to but slightly different
from IVa. Professor Switzer also clustered them visually.
He obtained:

Ia: (1, 2, 3, 9, 22, 29)
Ib: (4, 5, 12,24)
Ie: (13, 15, 16, 17, 18, 19)
II: (6,7,8)
III: (10, 11, 14, 20, 21, 23, 25, 26, 27, 28, 31)
IV: (30, 32, 33, 35, 36, 37, 38, 40, 41)

which, though not in complete agreement with my groups,
has substantial similarity.

As presented these lists do not completely do justice
to the information obtained from the faces. They do not
indicate which specimens are obviously members of a
group and which were regarded as borderline. Each
specimen was forced into some group, whereas one would
ordinarily be inclined to separate out peculiar cases or
outliers.
Finally, in connection with this example a graph of

(Z6, Z6) is presented for these specimens since these
variables seemed important in the set of 87 specimens.
See Figure lC.

2.2 Geological Data
Mineral analysis data from a 4,500-foot core drilled

from a Colorado mountainside yielded 12 variables, pre-
sented in Table 2' of the appendix. These represent assays
of seven mineral contents by one method and repeated
assays of five of these by a second method. These twelve
variables were observed on each of 53 equally spaced

“This approach is an amusing reversal 
of a common one in artificial 
intelligence. Instead of using machines 
to discriminate between human faces 
be reducing them numbers, we 
discriminate between numbers by using 
the machine to do the brute labor of 
drawing faces and leaving the 
intelligence to the humans, who are still 
more flexible and clever”



Visualization for Big Data    
Strategies and Principles

• Statistical graphics

• Information 
visualization

• Scientific visualization

• Journalism

April 27 2018 Chernoff Symposium 26



Visualization

• statistical graphics
– data representation
– data exploration
– filtering, sampling aggregation

• information visualization

• scientific visualization

• perception, communication, design
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Statistical Graphics

1. Principles of Graph 
Construction

terminology, vision,   
understanding, strategy

2. Graphical Methods

3. Graphical Perception
color, texture, scale
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The grammar of graphics
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Object-oriented graphics system providing a 
description of the construction 



The Grammar of Graphics

1. Specification
Data, trans, scale, coord, 
element, guide

2. Assembly
Geometry, layout, aesthetics

3. Display
Rendering – static, dynamic, …
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The grammar of graphics
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honeyplot + 
geom_line(aes(honey$year,honey$runmean),col ="green”) + 
geom_point(aes(honey$year,honey$average),) + 
scale_x_continuous(breaks=1970:2014) + 
geom_smooth(method="loess",span=.75,se=F) + 
scale_y_continuous(breaks=seq(0,140,by=10)) + 
theme(axis.text.x = element_text(angle=45))



The Grammar of Graphics

• ggplot2 (tidyverse)
https://github.com/tidyverse/ggplot2

cheatsheets !!

• Tableau visualization system
– Evolved from Polaris, nViZn

• D3.js
– Evolved from Protovis
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https://github.com/tidyverse/ggplot2
https://www.rstudio.com/resources/cheatsheets/


Information Visualization

• a process of transforming information 
into visual form

• relies on the visual system to perceive 
and process the information

• involves the design of visual data representations 
and interaction techniques

http://www.infovis.org http://ieeevis.org/
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http://ieeevis.org/
http://ieeevis.org/


Information Visualization

• Representation, presentation, interaction

• “use of computer-supported, interactive, visual 
representations of data to amplify cognition”

http://innovis.cpsc.ucalgary.ca/

Sheelagh Carpendale, U Calgary
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Edge maps
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Innovis.cpsc.ucalgary.ca
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http://innovis.cpsc.ucalgary.ca/Research/EdgeMaps


Scientific Visualization

• Katy Borner

• advances understanding or provides 
solutions for real-world problems

• impacts a particular application 

• http://scimaps.org/
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http://info.slis.indiana.edu/~katy/index.html
http://scimaps.org/maps/map/exploring_the_relati_180/detail


The tabletop whale science illustration blog

http://tabletopwhale.com/index.html


Journalism

Alex Gonçalves: Visualization for the masses

• to build communion

• for social change

• powerful stories

• “duty of beauty”
http://www.nytimes.com/newsgraphics/2014/02/14/fashion-week-editors-picks/
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https://www.fields.utoronto.ca/programs/scientific/14-15/bigdata/visualization/ag.pdf
http://www.nytimes.com/newsgraphics/2014/02/14/fashion-week-editors-picks/
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So much cool stuff!
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So much cool stuff! pudding.cool
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https://pudding.cool/
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The dreaded dashboard           Reese Significance April ‘18 
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The Emoji States of America            axios.com
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6 variables

https://www.axios.com/the-emoji-states-of-america-1513302318-0ca61705-de75-4c8f-8521-5cbab12a45f2.html


The Emoji States of America
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state's ranking in a given metric



Thank you!
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CHI 2018 Michael Correl, Tableau
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