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Encoding of data measures can be far more claborate. The
plottcd points here are Chernoff faces, which reduce well, main-
taining legibility even with individual arcas of .05 square inches
as shown.? The analyst would observe the standard X-Y scatter-
plot and then turn to the within-scatter detail, seeking clusters of
similar observations over the X-Y plane. Outlying faces and those
inconsistent with others in the ncighborhood—thcy are, of course,
strangers—should be identified by observation number or name.

3Herman Chernoff, “The Use of F.

to Represent Points in k-Dimcnsim:;cles
Space Graphically,” Journal of the Am
ican Statistical Association 68 Uunc ,9"_
361-368. For an application of faces 17;-)'
Cate.d over two dimensions, see Howard
‘Wainer and David Thissen, “Graphical
Data Analysis,” Annual Review of Psy-
chology, 32 (1981), 191-241. 4
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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, k<18, 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 bv the position of the point. A samvple of

2.1 Fossil Datg

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 1’ in the appendix) represent

Z, inner diameter of embryonic chamber (in microns)

Z3 total number of whorls

Z; number of chambers in first whorl

Z, number of chambers in last whorl

Zg maximum height of chambers in first whorl (in microns)
Zs 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 1A. This order was selected after the data had been
erouned into three clusters bv an analvtic technique F97).
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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
Chernoff Sgregoakdmwhich were regarded as borderline. Each
specimen was forced into some group, whereas one would

was produced and is presented in Figure 1B. I clustered
these visually. The groups were:
1: 1,2 3,9 2229

o: (4,586,78)
II: (10, 11, 14, 23, 25, 26, 27)
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“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 | believe that it should be
possible to reduce it considerably”

April 27 2018 Chernoff Symposium
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“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 | believe that it should be
possible to reduce it considerably”

April 27 2018 Chernoff Symposium 21



CANADA

T h e rise Of A I The Man Who Helped Turn Toronto Into a High-Tech Hotbed

Journal of the American Statistical Associotion, June 1973
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Geoffrey Everest Hinton, a computer scientist and leading expert in artificial intelligence, has helped make
ion. Aaron Vincer

the University of Toronto a center of innovation. Aaron Vincent Elkaim for The New York Times

e
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T h e rl se Of A I The Man Who Helped Turn Toronto Into a High-Tech Hotbed
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TECHNOLOGY

How Artificial Intelligence Is Edging Its Way Into Our Lives

BERRET R | EFFKRPIR

By THE NEW YORK TIMES FEB. 12, 2018
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T h e rise Of A I The Man Who Helped Turn Toronto Into a High-Tech Hotbed
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Scientists plan huge European
Al hub to compete with US
Exclusive: In an open letter, the scientists say

the proposed Ellis institute is essential to avoid
brain drain to big tech firms

The —=
Guardlan
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T h e rise Of A I The Man Who Helped Turn Toronto Into a High-Tech Hotbed
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Geoffrey Everest Hin
the University of Tor(

“This approach is an amusing reversal
of a common one in artificial
intelligence. Instead of using machines
to discriminate between human faces

Scientists plan huge European

be reducing them numbers, we AThub to compete with US
discriminate between numbers by using Exclusive: In an open letter, the scientists say

. the proposed Ellis institute is essential to avoid
the machine to do the brute labor of brain drain to big tech firms
drawing faces and leaving the Th ncerational edtion -
intelligence to the humans, who are still Gual-dlan

more flexible and clever”

April 27 2018 Chernoff Symposium 25



Visualization for Big Data
Strategies and Principles

 Statistical graphics

* Information
visualization

e Scientific visualization

 Journalism

April 27 2018

. THE FIELDS INSTITUTE
.-;_,.

FIELDS

THEMATIC PROGRAM ON
STATISTICAL INFERENCE,
LEARNING AND MODELS FOR

JANUARY JUNE, 2015

PROGRAM

JANUARY 12 - 23, 2015
Opening Conference and Boot Camp
Organizing Committee: Nancy Reid (Chair), Sallie Keller, Lisa Lix, Bin Yu

JANUARY 26 - 30, 2015

Workshop on Big Data and Statistical Machine Learning
Organizing c ittee: Ruslan Salakhutdinov (Chair), Dale Schuurmans, Yoshua Bengio,

Hugh Chipman, Bin Yu

FEBRUARY 9 - 13, 2015
Workshop on Optimization and Matrix Methods in Big Data

Orgamzmg Committee: Stcphcn Vavasis (Chair), Anima Anandkumar, Petros Drineas,

FEBRUARY 23 - 27, 2015
Workshop on Visualization for Big Data: Strategies and Principles
Organizing Committee: Nancy Reid (Chair), Susan Holmes, Snehelata Huzurbazar,
Hadley Wickham, Leland Wilkinson

MARCH 23 - 27, 2015
pon Big Data in Health Policy

Organizing Committee: Lisa Cix {Chan

;Constantne Gatsonis , Sharon-Lise Normand

Yoshua Bengio (M
APRIL 13 - 17, 2015

Workshop on Big Data for Social Policy Hugh Chipman a)
Organizing Committee: Sallie Keller (Chair), Robert Groves, Mary Thompson Sallie Keller (V a Tech)
Lisa Lix (Manitoba)
Lol demi=iih ! Richard Lockhart (Simon Fra
Nancy Reid (Toronto)
Ruslan Salakhutdinov (Toronto)

Closing Conference
Organizing Committee: Nancy Reid (Chair), Sallie Keller, Lisa Lix, Hugh Chipman,
Ruslan Salakhutdinov, Yoshua Bengio, Richard Lockhart
to be held at AARMS of Dalhousie University

INTERNATIONAL ADVISORY
GRADUATE COURSES COMMITTEE
JANUARY TO APRIL 2015 Constantine Gatsonis (Brown)

Large Scale Machine Learning Susan Holmes (Stanford)

Instructor: Ruslan Salakhutdinov (University of Toronto) Snehelata Huzurbazar ming)
Nicolai Meinshausen (ETH Zurich)

’ JANUARY TO APRIL 2015
Topics in Inference for Big Data
Instructors: Nancy Reid (University.of Toronto), Mu Zhu (University of Waterloo)

Dale Schuurmans (Alberta)
Robert Tibshirani (Stanford)
Bin Yu (UC Berkeley)

For more information, allied activities off-site, and registration, please visit:
www.fields.utoronto.ca/programs/scientific/14-15/bigdata

Image Credits: Sheelagh Carpendale & InnoVis
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Visualization

« statistical graphics L
— data representation = ,_@.w
— data exploration

— filtering, sampling aggregation | "““"«‘""W

 information visualization

e scientific visualization

VISUAL
INSIGHT

e perception, communication, design

April 27 2018 Chernoff Symposium 27



Statistical Graphics

1. Principles of Graph
Construction

terminology, vision,
understanding, strategy

2. Graphical Methods

3. Graphical Perception

color, texture, scale

April 27 2018

Chernoff Symposium
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Advanced Review

The grammar of graphics

Leland Wilkinson*

The grammar of graphics (GoG) denotes a system with seven classes embedded
in a data flow. This data flow specifies a strict order in which data are transformed
from a raw dataset to a statistical graphic. Each class contains multiple methods,
each of which is a function executed at the step in the data flow corresponding to
that class. The classes are orthogonal, in the sense that the product set of all classes
(every possible sequence of class methods) defines a space of graphics which is
meaningful at every point. The meaning of a statistical graphic is thus determined
by the mapping produced by the function chain linking data and graphic. © 2010
John Wiley & Sons, Inc. WIREs Comp Stat 2010 2 673-677 DOI: 10.1002/wics.118

Keywords: visualization; statistical graphics

Object-oriented graphics system providing a
description of the construction

April 27 2018 Chernoff Symposium 29



The Grammar of Graphics

1. Specification

Data, trans, scale, coord,
element, guide

anag Lomp 11

Leland Wilkinson

The Grammar

2. Assembly of Graphics
Geometry, layout, aesthetics Second Edition
3. Display

Rendering — static, dynamic, ...

@ Spnnger Cagryvigytisal Madnr vl
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year

honeyplot +
geom line(aes(honey$year,honey$Srunmean),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))
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The Grammar of Graphics

* ggplot2 (tidyverse)

https://github.com/tidyverse/ggplot2 R

cheatsheets !!

* Tableau visualization system ¢ tobleav
— Evolved from Polaris, nViZn

* D3,s

— Evolved from Protovis

Data-Driven
Documents

April 27 2018 Chernoff Symposium
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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/

April 27 2018 Chernoff Symposium
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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

April 27 2018 Chernoff Symposium
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Edge maps
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http://innovis.cpsc.ucalgary.ca/Research/EdgeMaps

Scientific Visualization

e [Katy Borner

VISUAL
_INSIGHTS

* 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

HOW TO BUILD A HUMAN
Human embryo and fetus development



http://tabletopwhale.com/index.html

Journalism

Alex Goncalves: Visualization for the masses

* to build communion
e for social change
 powerful stories

* “duty of beauty”

http://www.nytimes.com/newsgraphics/2014/02/14/fashion-week-editors-picks/
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Q CLIMATE  It’s Not Your Imagination. Summers Are Getting Hotter.

It’s Not Your Imagination.
Summers Are Getting Hotter.
By NADJA POPOVICH and ADAM PEARCE JULY 28, 2017

Summer temperatures
in the Northern Hemisphere

1951-1980

1951-1980
Base period

More frequent

Extremely cold Cold Normal Hot Extremely hot
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It’s Not Your Imagination.
Summers Are Getting Hotter.

By NADJA POPOVICH and ADAM PEARCE JULY 28, 2017

Summer temperatures
in the Northern Hemisphere

20095-2015

1951-1980 ___
Base period

More frequent

Extremely cold Cold Normal Hot Extremely hot
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So much cool stuff!

a FLOWINGDATA MEMBERSHIP COURSES TUTORIALS PROJECTS MY N BECOME A MEMBER | LOG IN

VISUALIZATION / BEST-OF

10 Best Data Visualization Projects of 2017

By Nathan Yau
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So much cool stuff! pudding.cool

ThePudding '

experiment

Welcome to the party! Today you will participate in an interactive experiment
about the birthday paradox. We will use you, the reader, as part of our data, to ’
help explain what it is, why it is cool, and how it works. \

By Russell Goldenberg

Let’s do this! )
{ et's do this! /

April 27 2018 Chernoff Symposium 43
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\ 4
WTF Visualizations

Visualizations that make no sense.
For a discussion of what is wrong with a particular visualization, tweet at us @WTFViz.
Submit a WTFViz you found.

SUBMIT A POST ARCHIVE

April 27 2018 Chernoff Symposium 4
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WTF Visualizations

Visualizations that make no sense.

Fauv a dilaaiiaala;m af iiidlaald [ ttttmata it tadidla a4 mmadlaiilac idaiiallimalicamm Mitaad ad ioa AAAIT\ N
CountofQuerie2 1% - 16 15,  120%
25, 20,1% 12,0% 3 13,
1% 24, 17, \ 12,0%. % Google Home Query Categories

1% 21, 1% _ W\ 1% _ \ 12,0%1) 1

21, 16, 1%._ 14,

' .-;—\—zy. .!- x

= Play Music

= Stop

= Sex Timer /Alarm

= Smart Home - Lights
= Adjust Volume

= Unknown

= Weaher

= Musc

= Play Seasonal Game
= My Day

= Hot Word

= Transiae

= Calculator

= Sports Score

Just a sliver please.
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The dreaded dashboard Reese Significance April ‘18

BODY COMPOSITION PHYSICAL ACTIVITY

BLOOD PRESSURE

)
LIPID PROFILE 180

170
160

SYSTOLIC

- 150

TOTAL CHOLESTEROL 140 GRIP STRENGTH

=
HDOL CHOLESTEROL

NON HDL CHOLESTEROL

[
o
TOTAL/ HDL

TRIGLYCERIDES 40 S0 60 70 80 90 100

DIASTOLIC

FIGURE 1 A selection of charts from How to Stay Young, showing some of the metrics used to calculate a person’s body
age, which can then be compared to their birth age.
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The dreaded dashboard Reese Significance April ‘18

200+ minutes

———.

150 wanes | 50 s
MINUTES

]OO MINUTES

FIGURE 4 Minutes of exercise per week, with total in centre.
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The Emoji States of America axios.com

Hover on faces for

more information 3 3 2 ; .‘
' v ' -
5.'3. '
o -.‘.
- —
e
6 variables
48
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https://www.axios.com/the-emoji-states-of-america-1513302318-0ca61705-de75-4c8f-8521-5cbab12a45f2.html

The Emoji States of America

Hover on faces for
more information

Massachusetts

UNINSURED PERC. IN
RATE POVERTY

2.8% (#1) 11.5% (#14)

UNEMPLOYMENT OBESITY
oS RATE RATE

3.6% (#13) 24.3% (#6)

PERC. WITH PERC. GET
COLLEGE DEGREE ENOUGH SLEEP

23.1% (#4) 65.5% (#26)
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Thank you!
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Thank you!

TUTORIALS / CHERNOFF FACES, MULTIVARIATE, R

How to visualize data with cartoonish faces ala

Chernoff

By Nathan Yau
United States Alabama
The goal of Chernoff faces is to

A A
show a bunch of variables at
once via facial features like lips, Distictof

Delaware Columbia
eyes, and nose size. Most of the — ]
time there are better solutions, ‘a

but the faces can be interesting
to work with.

Demo Download Source

lowa Kansas

)

@

Kentus

&

D

Arizona

Louisiana

California

N

Idaho

£\
Maryland

-
.

Massach
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CHI 2018 Michael Correl, Tableau

Ross-Chernoff Glyphs
Or: How Do We Kill Bad Ideas in
Visualization?

Figure 1: A meta-Ross-Chernoff visualization of Bob Ross’s painting subjects, over time. Horizontal position is the season of “The Joy of
Painting,” the height of the treeline is the percentage of paintings depicting trees, the height of the mountains the percentage of paintings
depicting mountains, and the height of the clouds is the percentage of paintings depicting clouds. From a dataset provided by
FiveThirtyEight [12]



