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INDUSTRIAL REVOLUTION OF DATA

Joe Hellerstein, UC Berkley
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The ability to take data—to be able to understand it,
to process it, to extract value from it, to visualize
t, to communicate it—that's going to be a hugely

important skill In the next decades.
Hal Varian, Google’s Chief Economist
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visualization

uses perception to point out interesting things.
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visualization

uses pictures to enhance working memor.
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given these 50 numbers...

... what number appears most often?
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vi-su-al:-i-za:tion
noun, plural -s

| formation of mental visual images

2. the act or process of interpreting in visual terms or
of putting into visible form

“Computer-based visualization systems provide visual
representations of datasets intended to help people carry

out tasks more effectively.”

Prof. Tamara Munzner
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ANALYZE DATA
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THE CHALLENGER
DISASTER

source: Wikipedia



- HISTORY OF O-RING DAMAGE ON SRM FIELD JOINTS
3
L, Cross Sectional View Top View
& Erosion Perimeter  Hominal Length Of Total Heat
y Tl S’RM  Depth Affected Dia, Max Erosfon Affected Length
of No. (in.) (deq) (in.) (in.) (in.)
61A LK c.‘nct.gkhld" None None . Hone None
g {GIA LM FIELD"" Q*A NONE NONE (?.5%% NONE NONE
é’ S1C LK Forward Field#*+ 15A  0.010 154.0 0.280 4.25 5.25
S1C RH Center Field (prim)*** 158  0.038 130.0 0.280 12.50 58.75
¥ 51C RH Center Field (sec) 158  None 45.0 0.280 " None 29.50
410 RH Forward Fileld 138 0.028 110.0 0.280 3.00 Hone
41C LH Aft Field* 11A  HNone None 0.280 None None
418 LH Forward Field 10A 0.040 217.0 0.280 3.00 14.50
Wy STS-2 RH Aft Field 28 0.053 116.0 0.280 .- --

*Hot gas path detected in putty.
**Soot behind primary O-ring“: d

#4%Soot behind primary O-ring, heat affected secondary O-ring.
Clocking location of leak check port - 0 deg.

Indication of heat on O-ring, but no damage.

OTHER SRM-15 FI1ELD JOINTS HAD NO BLOWHOLES IN PUTTY AND NO S0OT
NEAR OR BEYOND THE PRIMARY O-RING.

SRM-22 FORWARD FIELD JOINT HAD PUTTY PATH TO PRIMARY O-RING, BUT NO O-RING EROSION
AND NO SOOT BLOWBY, OTHER SRM-22 FIELD JOINTS HAD NO BLOWHOLES IN PUTTY,
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O-ring damage

index, each launch
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NameVoyager: Explore baby names and name trends letter by letter
Looking for the perfect baby name? Sign up for free to receive access to our expert tools!

Baby Name >

Mariah

@ Both () Boys () Girls

Names starting with 'MARIAH' per million babies

Current rank

SVEN000/5001100 | 25 | 1 |
C[LERI00015001100 | 25 | 1
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SELFIECITY

Introduction Imageplots Selfiexploratory Dataset Findings Theory Credits & contact Explore further

IMAGEPLOTS

POSES

SELFIECITY

Investigating the style of self-
portraits (selfies) in five cities
across the world.

Selfiecity investigates selfies using a mix of theoretic,
artistic and quantitative methods:

We present our findings about the demographics of
people taking selfies, their poses and expressions.

Rich media visualizations (Iimageplots) assemble
thousands of photos to reveal interesting patterns.

The interactive selfiexploratory allows you to navigate
the whole set of 3200 photos.

Finally, theoretical essays discuss selfies in the history
of photography, the functions of images in social
media, and methods and dataset.

ccomesosones. [ (O = NS, oo BEA ORI N e JNS =T

v fOS
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. DIAGRAM or rue CAUSES or MORTALITY N
APRIL 1855 o MARCH 1856 IN THE ARMY IN THE EAST. APRIL 1854 ro MARCH 1855.

The Areas of the bue, red, & black wedges are eack measured from
the cenlre as the common vertea.

The blue wedges measured from the cenire of the circle represent area
for area the dealhs lrom-Frevenidile or Mitigable Zymotw diseases, the
red wedges measured from the centre te deaths from wourds, & the
black wedges measured lrom the cenire the deaths from all other causes.

Tthe black lne acrass the red, triangle in Nov! 1554 marks the boundary
of the. deaihs Trom all other causes during the month.

I October 1854, & April 1855, the black area comcides unth the red.
v danuary & February /850 the blue cotncides wiih the black:

The entire areas may be compared by following the -blue. the red & the
black lines enclosing them

F. Nightingale 1856




D What the World Eats

World

Daily diets vary considerably
around the world. Select
different countries or regions to
see how consumption patterns
have changed in the last 50
 years. | Click on | grams | to
understand the quantities of
food consumed per person in
cach place. Alternatively, view
the breakdown by to
measure how that balance of
food translates into fuel and
energy. Percentages in the pie
chart reflect the proportion of
each item in the overall diet.

nationalgecgraphic.com

Daily Diet
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U.S. Daily Temperature Anomalies 1964-2013 v f

Dec 25 2012

Explore the data

What is an anomaly?

anomalies occur on days when the daily high or low temperature falls

below its expected range

anomalies occur when the high or low temperature falls above its

expected range

STRONG anomalies occur on those rare days when both the daily high and low
temperatures fall above or below (STRONG coLDp) their

expected range
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June 26 2014 / Mike Bostock

Visualizing Algorithms

The power of the unaided mind is highly overrated... The real powers come from devising
external aids that enhance cognitive abilities. —Donald Norman

Algorithms are a fascinating use case for visualization. To visualize an algorithm, we don’t merely fit
data to a chart; there is no primary dataset. Instead there are logical rules that describe behavior.
This may be why algorithm visualizations are so unusual, as designers experiment with novel forms
to better communicate. This is reason enough to study them.

But algorithms are also a reminder that visualization is more than a tool for finding patterns in data.
Visualization leverages the human visual system to augment human intellect: we can use it to better
understand these important abstract processes, and perhaps other things, too.

Sampling

Before I can explain the first algorithm, I first need to explain the problem it addresses.

A

Light — electromagnetic radiation — the light emanating from this screen, traveling through the air,
focused by your lens and projected onto the retina — is a continuous signal. To be perceived, we must
reduce light to discrete impulses by measuring its intensity and frequency distribution at different
points in space.

This is an adaption of my talk at
Eyeo 2014, Avideo of the talk is
avallable on Vimeo. (Thanks,
Eyeo folks!)

Van Gogh's The Starry Night
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You've never seen data presented like this. With the
drama and urgency of a sportscaster, statistics guru
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"developing world.”
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design excellence

"Well-designed presentations of interesting
data are a matter of substance, of statistics,
and of design.”

Edward Tufte



SECOND EDITION

The Visual Display
of Quantitative Information
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Envisioning Information
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every time you make a powerpoint
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edward tufte kills a kitten
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maximize the data—ink

Data-ink Ratio =
total ink used in graphic
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maximize the data—ink

Data-ink Ratio =
total ink used in graphic

TRIGLYCERIDE LEVEL
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data-ink
total ink used in graphic

maximize the

Data-ink Ratio

iiiiiiiiii

b v ——— — — —

|||||||||

""""

llllll

lllll

||||||

b — e —— e ——y

llllll

44

Tufte 2001



Eurographics / IEEE Symposium on Visualization 2011 (EuroVis 2011) Volume 30 (2011), Number 3

H. Hauser, H. Pfister, and J. J. van Wijk
(Guest Editors)

A User Study of Visualization
Effectiveness Using EEG and Cognitive Load

E. W. Anderson', K. C. Potter!, L. E. Matzen?, J.F. Shepherdz, G.A. Preston’, and C. T. Silva

ISCI Institute, University of Utah, USA
2Sandia National Laboratories, USA
3Utah State Hospital, USA

Abstract
Effectively evaluating visualization techniques is a difficult task often assessed through feedback from user studies

and expert evaluations. This work presents an alternative approach to visualization evaluation in which brain

COUNTER-POINT

LTUS LY OTTTIGELOTE LS PIUCEXCU 10 ProvIide TRIZTIH o e cogriive iowd tmposea on e viewer. rus paper aescrwoes

the design of the user study performed, the extraction of cognitive load measures from EEG data, and how those
measures are used to quantitatively evaluate the effectiveness of visualizations.

Categories and Subject Descriptors (according to ACM CCS): 1.3.3 [Computer Graphics]: General—Human Factors,
Evaluation, Electroencephalography

1. Introduction this paper strives to evaluate visualization techniques objec-
tively by using passive, non-invasive monitoring devices to

Efficient visualizations facilitate the understanding of data
meaacnre the hiirden nlaced on a near’e coonitive recolrces

PRI F—— o reovonsrronsamtnr Ah ctmnn AL crt A



EXPERIMENT

-asked participants to
choose box plot with
largest range from a set

-varied representation

-measured cognitive loaad
from EEG brain waves
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EXPERIMENTAL RESULTS

-paper focused on cognitive load as an evaluation
method

-studies showed that the simplest box plot is
hardest to interpret

47
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AVOID CHART JUNK

http:/ /www.tbray.org/ongoing/data-ink/dil
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AVOID CHART JUNK
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redesign exercise ...

DIAMONDS WERE A GIRL'S BEST FRIEND

Average price of a one-carat D-flawless

$60,000

$50,000

\ $40,000
\
w

F\

- e RS s L
1978 1979 1980 1981 1982

| TIME Chart by Negel Mokmes Source: The Diamand Registry

MONSTROUS COSTS

Total House and Senate
campaign expenditures,
in millions

Source: Citizens’ Research Fourdation
TIME Chart by Nigel Metmes

Nigel Holmes, TIME Magazine
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CHI 2010: Graphs

April 10-15, 2010, Atlanta, GA, USA

Useful Junk? The Effects of Visual Embellishment
on Comprehension and Memorability of Charts

Scott Bateman, Regan L. Mandryk, Carl Gutwin,
Aaron Genest, David McDine, Christopher Brooks
Department of Computer Science, University of Saskatchewan, Saskatoon, Saskatchewan, Canada
scott.bateman@usask.ca, regan@cs.usask.ca, gutwin@cs.usask.ca,
aaron.genest@usask.ca, dam085@mail.usask.ca, cab938@mail.usask.ca

ABSTRACT

(nidelinec far decionino infarmatinn charte nften ctate that

Despite these minimalist guidelines, many designers

1nmnnliida A wrida xrasiatyr Af xrocnial  asmhallichavanta 10 thatse

COUNTER-POINT

presented data in detailed and elaborate imagery, raising the
questions of whether this imagery is really as detrimental to
understanding as has been proposed, and whether the visual
embellishment may have other benefits. To investigate
these issues, we conducted an experiment that compared
embellished charts with plain ones, and measured both
interpretation accuracy and long-term recall. We found that
people’s accuracy in describing the embellished charts was
no worse than for plain charts, and that their recall after a
two-to-three-week gap was significantly better. Although
we are cautious about recommending that all charts be
produced in this style, our results question some of the
premises of the minimalist approach to chart design.

Author Keywords
Charts, information visualization, imagery, memorability.

whose work regularly incorporates strong visual imagery
into the fabric of the chart [7] (e.g., Figure 1).

MONSTROUS COSTS

Total House and Senate
campaign expenditures,
in millions




EXPERIMENTAL QUESTIONS

| ) whether visual embellishments do in fact cause
comprehension problems

2) whether the embellishments may provide additional
information that Is valuable for the reader
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EXPERIMENTAL RESULTS

|) No significant difference between plain and image
charts for interactive interpretation accuracy

2) No significant difference in recall accuracy after a
five-minute gap

3) Significantly better recall for Holmes charts of
both the chart topic and the detalls (categories and
trend) after long-term gap (2-3 weeks).

4) Participants saw value messages in the Holmes charts
significantly more often than in the plain charts.

>) Participants found the Holmes charts more attractive,
most enjoyed them, and found that they were easiest
and fastest to remember.
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What Makes a Visualization Memorable?

Michelle A. Borkin, Student Member, IEEE, Azalea A. Vo, Zoya Bylinskii, Phillip Isola, Student Member, IEEE,
Shashank Sunkavalli, Aude Oliva, and Hanspeter Pfister, Senior Member, IEEE

Fig. 1. Left: The top twelve overall most memorable visualizations from our experiment (most to least memorable from top left to
bottom right). Middle: The top twelve most memorable visualizations from our experiment when visualizations containing human
recognizable cartoons or images are removed (most to least memorable from top left to bottom right). Right: The twelve least
memorable visualizations from our experiment (most to least memorable from top left to bottom right).

Abstract—An ongoing debate in the Visualization community concerns the role that visualization types play in data understanding.
In human cognition, understanding and memorability are intertwined. As a first step towards being able to ask questions about impact
and effectiveness, here we ask: “What makes a visualization memorable?” We ran the largest scale visualization study to date using
2,070 single-panel visualizations, categorized with visualization type (e.g., bar chart, line graph, etc.), collected from news media sites,
government reports, scientific journals, and infographic sources. Each visualization was annotated with additional attributes, including
ratings for data-ink ratios and visual densities. Using Amazon’s Mechanical Turk, we collected memorability scores for hundreds of
these visualizations, and discovered that observers are consistent in which visualizations they find memorable and forgettable. We
find intuitive results (e.g., attributes like color and the inclusion of a human recognizable object enhance memorability) and less
intuitive results (e.g., common graphs are less memorable than unique visualization types). Altogether our findings suggest that
quantifying memorability is a general metric of the utility of information, an essential step towards determining how to design effective
visualizations.

Index Terms—Visualization taxonomy, information visualizatioii, memorability



TAKE-AWAY

|) intuitive findings: color and human recognizable objects
enhance memorabillity

2) unintuitive findings: common graphs are less
memorable than unigue visualization types
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take away ...

CHART JUNK? IT DEPENDS

-persuasion
-memorability

-engagement

-unbiased analysis
-trustworthiness
-interpretability CONS

-space efficiency
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multifunctioning

elements

Current Receipts of Government as a
Percentage of Gross Domestic
Product, 1970 and 1979

Sweden

Netherlands
Norway

Britain

France

Germany

Belgium
Canada
Finland

Italy
United States

Greece
Switzerland

Spain
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1970

46.9

44.0
43.5

390

7.5

352
352
349

o4 <
30.3

26.8
26.5

”-s

20.7

1979

$7.4 Sweden

$5.8 Netherlands

$2.2 Norway

43.4 France
43.2 Belgium
42.9 Germany

39,0 Britain
38.2 Finland

35.8 Canada
35.7 Ialy

33.2 Switzerland
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scented widgets
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interactive legend
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maximize the . number of entries in data array
Data Density =

area of data graphic
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GRAPHIC PROBLEMS POSED BY TIME SERIES A contrast

{mlike what we see in figure 18, the pertinent of “new”
information must be separated from the background or
reference” information. The background involves: (a) the
-qvariant, highlighted by a heading (Port St. Michel); (b) the
highly visible identification of each component {tonnage and
dates). The new information (the curve} must stand out from
the background {(figure 19).

Scale in years
With a scale in years, a two-year total (figure 1) should be
divided by 2 (figure 2). A total for six months should be
multiplied by 2. '

Pointed curves

For overly pointed curves (figure 3), the scale of the

should be reduced; optimum angular perceptibility occur

at around 70 degrees (figure 4).
If the curve is not reducible (large and small variations),

filled columns can be used (figure 5). :

Reference poinis

1t is impossible to utilize a graphic such as figure 20, except
in a general manner. There is confusion concerning the posi-
on of the points, and no potential comparison is possible,
: as it is in figure 21.

Flat curves .
For overly flat curves (figure 6), the scale of the Q should
increased (figure 7).

Precision reading

A precision reading (atilization on the elementary level, as
in figure 24) is difficult in figure 22, which results i a poor
reading of the order of the points, and in figure 23, where
¢here is ambiguity concerning the position of the points.
:_On the other hand, figure 22 does favor overall vision
(correlation).

Small variations 3
For small variations in relation to the total (figure 8), th
total loses its importance, and the zerc point can be elim
nated, provided the reader is made aware of this el imination:
(figure 9). The graphic can be interpreted as an acceleration.
if a precise study of the variations is necessary; here, we usé
a logarithmic scale (figure 10). (See also page 240.)

“Null boxes
Curves accommodate nuil boxes poorly (figure 25). Columns
{figure 26) are preferable.
Large range
For a very large range between the extreme number
(figure 11), we must either: :
(1) leave out the smallest variations; g
(2) be concerned only with relative differences (logarithmic :
scale), without knowing the absolute quantities; E
(3) select different parts (periods) within the ordered..
component and treat them on different scales above,
the commeon scale (figure 12), B

Unknown boxes

The drawing must indicate the unknowns of the informa-
on int an unambiguous way (figures 28 and 30).The reader

might interpret figure 27 as a change in the structure of the

curve and figure 29 as involving null values.

Very small quantities

‘Except in seeking a correlation (quite improbable here) the
hamber of ships entering into a port is represented better by
figare 33 than by figures 31 or 32. The reader can perceive

Obvious periodicity
- the numerical values at first glance.

If there is obvious periodicity (figure 13), and the :
study involves a comparison of the phases of each
cycle, it is preferable to break up the cycles in order
to superimpose them (figure 14). A polar construction;

can be used, preferably in a spiral shape (figure 15), but:
we should not begin with too small a circle. As striking as:
it seems, it is less efficient than an orthogonal construction.

Positive-negative variation

This is in fact a problem involving three components O, Q,
% (+ -), and it must be visually treated as such. Figure 34
‘can be improved by utilizing a retinal variable (in figure 35
“a value difference; black—white) to differentiate the # com-
ponent and thus highlight positive-negative variation.
Annual curves
For annual curves of rainfall or temperature, if a cycle has:
two phases (figure 17), why depict only one (figure 16)?
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SHRINK THE GRAPHICS

Tufte 2006

Degquantification In exchange for an enormous increase in graphical
resolving power, the wordlike size of sparklines precludes the overt
labels and scaling of conventional statistical displays. Most of our
examples have, however, depicted contextual methods for quantifying
sparklines: the gray bar for normal limits and the red encoding to link
data points in sparklines to exact numbers 4/ M, glucose 6.6
global scale bars and labels for sparkline clusters; and, probably best of
all, surrounding a sparkline with an implicit data-scaling box formed
by nearby numbers that label key data points (such as beginning/end,
high/low) 1.1025 .~ 1.1907 . And now and then

sparklines might be scaled by very small type: ,,, "
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Production methods Data lines produced by conventional statistical
graphics programs must be gathered together, rescaled, and resized into

sparklines. Sometimes this can be quickly done by cutting and pasting
data lines_then resizing the printed outvut to snarkline resolutions.

SPARKLINES
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(3) a statistical analysis program to generate hundreds of chartjunk-free
sparklines for export into design and layout operations. Once the basic
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maximize the amount
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in Rock 'N' Roll is Here to Pay:The History and Peditics of the Music Industry, 1977




Un the road to a digital Society  computertechnology
Is an ubiquitous element of our world, and fast networks are spanning the globe. This is
changing the way we live and work and communicate, A new digital world is emerging,
an environment in which creativity and innovation can flourish in many new ways. As
a result, science and research have a greater influence on our life in the 21st century
than ever before. This is attributable to massive investments in research and devel.
opment, but also to intensive cooperation and tough competition. The convergence of
nano-, bio-, information- and neurotechnologies facilitates completely new applications

Taking its place beside the more traditional factors of land, capital and employment,
knowledge is fast becoming the decisive factor for prosperity — and also for the resolu-
tion of global problems. In this, the appropriate balance between digital freedom and
digital security must be maintained Science 2020: Systematically surveying
the world Millions of sclentists are getting to the bortom of the secrets of our world, across
the whole spectrum of space, time, enerqy and complexity. Fundamentally new knowledge
is emerging from research into inter-disciplinary topics or extreme states of matter. Sci

ence long ago escaped the constraints of working only in the realm of owr natural living
conditions and owr perceptions. Considerable investment is flowing into efforts to decode
the smallest building blocks of owr world and to understand how their interplay produces
brand new qualities. The drivers of innovation in research today are data capture via
digital sensors; storage, analysis and visualisation via computer and software; and the
global exchange of information and knowledge. The cost of new knowledge Is
rising There is now no part of our life that is not the subject of research. At the
same time, it is becoming ever more difficult to generate new knowledge. These
* days, new research methods and technologies enable us to study even the »far

thest frontiers« of the world: extremely fast or slow processes, the tiniest building

blocks or the largest structures, extreme cold or extreme heat Networked

knowledge takes on global challenges Thanks to worldwide information and com
munication networks, the challenges our civitisation faces in the long term are known to
us sooner and maore clearly than ever before. We can start developing solutions together
at an earlier stage. Research on many topics is qlobal - taking place in close cooperation
or in international competition for the fastest and best solutions, National boundaries
are becoming trrelevant. Millions of scientists work across countries, continents and time
zones in thousands of labs, Their global networking enhances the diversity and efficiency
of science and technology. And this, in turn, reinforces globalisation and networking. In
a world changing at such a pace, each country must redefine its place. The end of

distance Mankind faces enormous challenges both locally and globally ~ the chal
; ¢

lenge of using resources sustainably and of organising a global economy. Across
the globe, complex processes are being recorded in detail, collated in databases
and analysed in computer networks, New visualisation technigues make it pos
sible to analyse larger and larger data records and to draw conclusions from the
results Global networking as the driving force of science In the carly davs,
the Internet linked up scientists, large-scale equipment and information; now it

networks computational power and enormous amounts of data through grid and
' ENE

& cloud computing. A global Semantic Web is emerging, bringing together data,

expertise and knowledge that had previously been distributed among virtual
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libraries and observatories. The information is being intelligently developed,
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* must have access to the Internet. This is where new knowledge is freely available, 115
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Unseen and Unaware:
Implications of Recent Research
on Failures of Visual Awareness for
Human-Computer Interface Design

D. Alexander Varakin and Daniel T. Levin
Vanderbilt University

Roger Fidler
Kent State University

COUNTER-POINT

ABSTRACT

Because computers often rely on visual displays as a way to convey information
to a user, recent research suggesting that people have detailed awareness of only a
small subset of the visual environment has important implications for hu-
man-computer interface design. Equally important to basic limits of awareness is
the fact that people often over-predict what they will see and become aware of.
Together, basic failures of awareness and people’s failure to intuitively understand



ILLUSIONS OF VISUAL
BANDWIDTH

Beople over-predict what they will see and
ecome aware of
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A survey of powerful visualization techniques,
from the obvious to the obscure.

BY JEFFREY HEER, MICHAEL BOSTOCK, AND VADIM OGIEVETSKY

A Tour
Through the
Visualization
Z0Oo

THANKS TO ADVANCES In sensing, networking, and
data management, our society 1s producing digital
information at an astonishing rate. According to
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