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“Words and pictures belong together.”

Tufte 1983

Learning Objectives

1. Understand how people read charts and
text together.

2. Visual QA with explanations for charts and
graphs.




12/6/23

55

50

45

40

35 ~

GVC share of global trade (%)

Figure 1.2 GVC trade grew rapidly in
the 1990s but stagnated after the 2008
global financial crisis

55
50
45
40

35 1

GVC share of global trade (%)




12/6/23

GVC share of global trade (%)

55

50 +

45

40

35 ~

30

Figure 1.2 GVC trade grew rapidly in
the 1990s but stagnated after the 2008
global financial crisis

Global
Financial
Crisis

- WhB
Cover
T
Copyright
Cortents
Foreword
Proface

Acknowledgments

Abbreviations.

Part II: Global value

Part IV: What domestic
policies facilitate fuitful
participation?

art V: How can
international cooperation
help?

Appendix A: Databases
used in this Report
Appendix B: Glossary
Boxes

Figures

Maps

Tables

The evolution of GVC
participation

The overall share of GVC trade in total world trade—
encompassing both forward and backward linkages—
grew significantly in the 1990s and early 20005, but
it appears to have stagnated or even declined in the
last 10 years (figure 1.2). Still, about half of world trade
appears to be related to GVCs.

What explains the remarkable tise in GVC par
ticipation in the 1990s and 2000s? And why has this
process stalled since the financial crisis?

The global wave of fragmentation of production in
the 19905 and 20005 was driven by a combination of
factors. The information and communication technol-
ogy (ICT) revolution brought forth cheaper and more
reliable new i ion man-

W womy KA MO wx - B P B £ &

of their inputs. In addition, firms were able to disperse
production across the world because transport costs
fell significantly (figure 1.3, panel b). Declining air and
sea freight costs boosted the trade in goods, while ser-
Vices benefited from cheaper communication costs.
Successive rounds of trade liberalization have
resulted in rapidly falling barriers to trade and invest-
‘mentforboth developed and developing countries. Tar-
iffs have declined, especially for manufactured goods,
and the gradual, although still insufficient, lowering
of nontariff barriers has facilitated the international
trade of goods and services (figure 14). Finally, the
creation of the European single market—together with
the integration of China, Ing and the Soviet Union
into the global economy—created huge new product
and labor markets, and so firms could sell the same

agement software, and increasingly powerful per
sonal computers (figure 1.3, panel a). Manufacturing
firms then found it easier to outsource and coordinate
complex activities at a distance and ensure the quality

Figure 1.2 GVC trade grew rapidly in
the 1990s but stagnated after the 2008
global financial crisis
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Sources: WDR 2020 team,using data from Eora2 database; Born and
Wancini 2015, 2019) and

a descrption f the databases used i this Report
6

nd subsequent

goods to more people and take advantage of economies
of scale leading to the further deepening of GVCs. The
new supply of cheap labor encouraged profit-seeking
companies to either reallocate their production facili-
ties or find local suppliers in low-wage countries.’

Since the global financial crisis in 2008, the
dynamics of GVC expansion have changed. Trade
has bounced back from its deep crisis level, but it has
grown only marginally faster than output. Trade in
parts and components also stalled after the financial
crisis and even fell between 2011 and 2014, with a mod-
est increase since then.

The factors behind the trade and GVC slowdown
are both cyclical and structaral in nature. On the one
hand, trade growth is lower because global output
growth is lower in economies that account for large
shares of global trade and global output, such as
Europe and China. Trade has also grown at a slower
pace because the trade-to-income elasticity—defined
as the amount of trade generated as output rises—has
decreased. This is especially true in large trading coun-
tries, including China and the United States. China is
producing more at home, thereby becoming less reli-
anton imported components for its exports. The share
of i iate imports in exports of Chinese goods

19
it offers the largest counlry coverage: 190 counlries between 1990 and
2005, GVC

thiough. For1990-2075, the GVC.

28
which 3 count imported

dropped from about 50 percent in the 1990s to a little
over 30 percent in 2015. In the United States, a boom-
ing shale sector reduced oil imports by one-fourth

between 2010 and 2015.¢
& " L
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READING CHARTS AND TEXT

Towards Understanding How Readers Integrate Charts and Captions:
A Case Study with Line Charts Kim, Setlur and Agrawala, CHI 2021
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Do readers rely more on the chart or
captions for their takeaways?

17
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Do readers rely more on the chart or
captions for their takeaways?

When text and visualization emphasis mismatch,
readers rely more on the chart and can miss

information in the caption.

27
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This chart shows the real home price index between 1890
and 2006.

(a) Prominent features & Basic caption

ome owe oue
This chart shows the real home price index between 1890 = This chart shows the real home price index between 1890 | This chart shows the real home price index between 1890
and 2006. The housing prices have skyrocketed starting and 2006. The housing prices have skyrocketed starting and 2006. The housing prices have skyrocketed starting

around 1997 and we need to act. around 1997 and we need to act. Looking back, they around 1997 and we need to act. Looking back, they
1984 with an increased housing supply as declined since 1894 with an increased housing supply as
manufactured homes became available to the public. manufactured homes became available to the public. A

similar supply-side solution is what we need.

(b) Caption text about prominent feature (c) Caption including false information (d) Caption about less prominent feature

EmphasisChecker: A Tool for Guiding Chart and Caption Emphasis
Kim, Choi, Kim, Setlur and Agrawala, IEEE Visualization 2023
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CHART QUESTION ANSWERING WITH
VISUAL EXPLANATIONS

Answering Questions about Charts and Generating
Visual Explanations Kim, Hoque and Agrawala, CHI 2020
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chaplains think that religious
extremism is common?
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Chart QA

Answer

Orthodox Christians, Hindus.
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For which religion did the fewest
chaplains think that religious
extremism is common?

Chart QA

Transparency?

Answer
Orthodox Christians, Hindus.

35

14



12/6/23

Chart
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Question

For which religion did the fewest
chaplains think that religious
extremism is common?

Explanation

| |/ looked up ‘Religion’ for
the shortest orange bars.

Transparency?
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Formative Study
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Question | Which religion has the greatest
value for Common?

]
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Explanations describe procedure for computing answer

41
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Explanations describe procedure for computing answer
Half of the explanations referred to visual features of chart
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Chart QA Pipeline
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Chart
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Question about Chart
Which religion has the shortest
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Question about Table
Which religion has the least

orange component? ‘Common’ Percentage? Sempre
[Pasupat 2015]
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Question about Chart

Which religion has the shortest
orange component?

Lambda Expression
argmin[R[Religion].Row,
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Which religion has the least
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R[Ax(R[Number].R[Common].Religion.x)]]
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Sempre
[Pasupat 2015]
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Question about Chart

Which religion has the shortest
orange component?
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Lambda Expression
argmin[R[Religion].Row,

Question about Table

Which religion has the least
‘Common’ Percentage?

Non-Visual Explanation
— | looked up ‘Religion’ with the least
R[Ax(R[Number].R[Common].Religion.x)]]

‘Percentage’ of ‘Common’.
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Question about Chart

Which religion has the shortest
orange component?

Lambda Expression
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Question about Table

Which religion has the least
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Non-Visual Explanation
— [ looked up ‘Religion’ with the least == | looked up ‘Religion’ for the

R[Ax(R[Number].R[Common].Religion.x)]] ‘Percentage’ of ‘Common’.

A

y

Sempre
[Pasupat 2015]

Visual Explanation

shortest orange bar.

63

24



12/6/23

Example Explanations

64

spread
M Democratic
I Republican

Pew Research -
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House Effect
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Pew Research |

Public Policy Polling (PPP)-|
Ipsos -|

SurveyUSA -|

Marist (NBC/Marlst) -
YouGov -

CNN (Opinion Research) -|

Polister

Rasmussen Reports -|
Washington Post / ABC News -|
Fox News (Robbins & Shaw) -|

Quinniplac -|

.
e
o
e
Gallup !

-2

-1

1 2 3
House Effect

o

spread
B Democratic
W Republican

Question
What is the difference between the value of
Gallup and Quinnipiac?
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Pew Research -|

Public Policy Polling (PPP)-|
Ipsos -|

SurveyUSA -{

Marist (NBC/Marlst) -
YouGov -|

CNN (Opinion Research) -

Polister

Rasmussen Reports -|
Washington Post / ABC News -|
Fox News (Robbins & Shaw) -

Quinnipiac -

I

e

e
.
Gallup ;

2

-1

0 1 2 3
House Effect

spread
Il Democratic
¥ Republican

Question

What is the difference between the value of
Gallup and Quinnipiac?

Answer

0.8
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Question
What is the difference between the value of
Gallup and Quinnipiac?

Pew Research - spread An SWE r
B Democratic
Public Policy Polling (PPP) - = Repuoican 0.8 V
Ipsos -|
SurveyUSA -
Marist (NBC/Marist) |
:‘i YouGov -
E CNN (Opinion Research) -
Rasmussen Repors - -
Washington Post / ABC News -| -
Fox News (Robbins & Shaw)-| -
Quinnipiac - -
Gallup !
2 4 o0 1 2 3
House Effect
68
Question
What is the difference between the value of
Gallup and Quinnipiac?
Pew Research -| spread An swer
Il Democratic
Public Policy Polling (PPP)-| B Republican 0 8 V
1psos | .
SurveyUSA - Explanation
Marist (NBGMarist) | computed the difference between the length
YouGov -

Polister

CNN (Opinion Research) -

Rasmussen Reports -

Washington Post / ABC News -
Fox News (Robbins & Shaw) -|

e

e

e

Quinnipiac | -
Gallup ;

-2 -1 0 1 2 3
House Effect

of the bar for ‘Gallup’ and ‘Quinnipiac’.
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Question

What is the difference between the value of
Gallup and Quinnipiac?

Pew Research - spread An SWE r
B Democratic
Public Policy Polling (PPP)-| B Republican 0 8 V
Ipsos | .
SurveyUsA - Explanation
. Marst (NBGAMarist)- | computed the difference between the length
8 YouGov | 7 . . .
S CoN (Opon eseac) | of the bar for ‘Gallup’ and ‘Quinnipiac’.
Rasmussen Reports | -
Washington Post / ABC News -| - Qu eSt i o n
Fox News (Robbins & Shaw)-| - . i i
cumpac| [N What position is Ipsos in?
-2 -1 0 1 2 3
House Effect
70
Question
What is the difference between the value of
Gallup and Quinnipiac?
Pew Research -{ spread An Swe r
Il Democratic
Public Policy Polling (PPP)-| B Republican 0 8 V
Ipsos -| A
SurveyUSA - Explanation
Marist (NBC/Marlst) -

YouGov -|

Polister

CNN (Opinion Research) -

Rasmussen Reports - -
Washington Post / ABG News -| -
Fox News (Robbins & Shaw)-| -
Quinnipiac - -
Gallup «!

2 1 0 1 2 3

House Effect

| computed the difference between the length
of the bar for ‘Gallup’ and ‘Quinnipiac’.

Question

What position is Ipsos in?
Answer

2.9
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Pew Research |

Public Policy Polling (PPP)-|
Ipsos -|

SurveyUSA -

Marist (NBC/Marlst) -

YouGov |

Polister

CNN (Opinion Research) -

Rasmussen Reports | -
Washington Post / ABG News -| -
Fox News (Robbins & Shaw)-| -
Quinnipiac - -

o

-2 -1

o

1 2 3
House Effect

spread
B Democratic
M Republican

Question

What is the difference between the value of
Gallup and Quinnipiac?

Answer

0.8 \/

Explanation

| computed the difference between the length
of the bar for ‘Gallup’ and ‘Quinnipiac’.

Question
What position is Ipsos in?

Answer

29 X
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Pew Research -

Public Policy Polling (PPP) |
Ipsos |

SurveyUSA -

Marist (NBG/Marlst) -

YouGov -|

Polister

CNN (Opinion Research) -

Rasmussen Reports - -
Washington Post / ABG News -| -
Fox News (Robbins & Shaw)-| -
Quinnipiac | -
Gallup «!

2 1 0 1 2 3

House Effect

spread
Il Democratic
W Republican

Question

What is the difference between the value of
Gallup and Quinnipiac?

Answer

08 VvV

Explanation

| computed the difference between the length
of the bar for ‘Gallup’ and ‘Quinnipiac’.

Question
What position is Ipsos in?

Answer

29 X

Explanation
I looked up the length of the bar for ‘Ipsos’.
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Hypothesis: Visual explanations increase transparency and trust
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Hypothesis: Visual explanations increase transparency and trust

M common M Not Common

Muslims
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Protestants
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Mormons
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For which religion did the
Q: fewest chaplains think that
religious extremism is

common?
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Hypothesis: Visual explanations increase transparency and trust

— e AL (vis): Orthodox Christians, Hindus. I looked up
' ‘Religion’ for the shortest orange bar.
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For which religion did the
Q: fewest chaplains think that
religious extremism is
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M common M Not Common

Muslims
Pagan/earth-based
Protestants

Jews

Unaffiliated

Catholics
Mormons
Orthodox Christian
Buddhists

Hindus

0 20 40 60 80 100
Percentage

For which religion did the
Q: fewest chaplains think that
religious extremism is

common?

Hypothesis: Visual explanations increase transparency and trust

A1 (vis): Orthodox Christians, Hindus. | looked up
' ‘Religion’ for the shortest orange bar.

A2 (no-exp): Orthodox Christians, Hindus.
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M common M Not Common

Muslims
Pagan/earth-based
Protestants

Jews

Unaffiliated

Catholics
Mormons
Orthodox Christian
Buddhists

Hindus

For which religion did the
Q: fewest chaplains think that
religious extremism is

common?

Hypothesis: Visual explanations increase transparency and trust

0 20 40 60 80 100
Percentage

A1 (vis): Orthodox Christians, Hindus. | looked up
' ‘Religion’ for the shortest orange bar.

A2 (no-exp): Orthodox Christians, Hindus.

' Orthodox Christians, Hindus. | looked up
A3 (noN-Vis): religion’ with the lowest value for
‘Common’.
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For which religion did the

Q: fewest chaplains think that
religious extremism is

common?

Hypothesis: Visual explanations increase transparency and trust

A1 (vis): Orthodox Christians, Hindus. | looked up
' ‘Religion’ for the shortest orange bar.

A2 (no-exp): Orthodox Christians, Hindus.

__ Orthodox Christians, Hindus. I looked up
A3 (non-Vis): Religion’ with the lowest value for

‘Common’.
Orthodox Christians, Hindus. They

A4 (human): , 7
have lowest values for ‘Common’.

80

16 participants

81
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16 participants

20 Chart-Question-Answer-Explanation tuples (5 per explanation type)

82
16 participants
20 Chart-Question-Answer-Explanation tuples (5 per explanation type)
Determine Answer
Correctness
83
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16 participants

20 Chart-Question-Answer-Explanation tuples (5 per explanation type)

Evaluate
— Transparency, Trust
& Usefulness

Determine Answer
Correctness

84

16 participants

20 Chart-Question-Answer-Explanation tuples (5 per explanation type)

. Evaluate
Determine Answer Free-Form
—> Transparency, Trust —
Correctness Response
& Usefulness

85
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TRANSPARENCY

No-exp Human Non-vis Vis
| l | I\J ~ 1
1 2 3 4 5
— —p

Lower Higher

Transparency Transparency
89
Non-vis Human .
No-ewws

| | 1
1 2 3 4 5
C—— —

Lower Trust

Higher Trust

94
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Understanding how text and charts are
related is difficult.

Tools that clarify connections between
text and charts can help guide people
towards the intended messages.

99
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FINAL PROJECT

Data analysis/explainer
Analyze dataset in depth & make a visual explainer

Deliverables
An article with multiple different interactive visualizations
Short video (2 min) demoing and explaining the project

Schedule

Project proposal:
Design Review and Feedback:
Final code and video:

Grading
Groups of up to 3 people, graded individually
Clearly report responsibilities of each member

100

COURSE EVALUATION

Official course evaluation,
Your opinion is valued!

101
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COURSE SUMMARY

102

DATA AND IMAGE MODELS

LES VARIABLES DE L'IMAGE

- ~ POINTS _ LIGNES _ ZONES 12 14
P | R
2 DIMENSIONS x <R OQ
staees ||| AUA ] ] 20
z 1] —r 3
TAILLE TRIE ZE/ : HloQ/=
N — p—
VALEUR 1 0 i Zz‘ o =
LES VARIABLES DE SEPARATION DES IMAGES 13
GRAIN E g E ? =~
COULEUR i | | ===
ORENTATION| I l N ==
FORME I A ° ==

Graphics and Graphic Information Processing [Bertin 1981]

103
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$650,000

slicerDicers' Sales Compared to Other Products

$600,000
$550,000

$500,000

$450,000
$400,000

$350,000

$300,000
$250,000
$200,000
$150,000
$100,000
$50,000
$0

2>
E]
=

@ AhNuts

OHNervousHellies

ORingaDingies

mRoundTuits

August
September
October
November
December

Problematic design

@ Sweethuthins

o ThingamaGigs

W Whatchamacallits

oWileyWidgets

VISUALIZATION DESIGN AND REDESIGN

Sales of SlicersDicers Compared to Other Products
July - December, 2003
(SiicersDicers' sales are displayed as black reference ines of 100%; the red bars

represent for )
vs. RoundTuits vs. NervousNiellies
a0 aoe
2500 1 et
0% - 20
0 ﬂ |
00 e
= =
0% o wlnumsn

vs. Thingamagigs vs. Whatchamacallits.
300% %

250
200 M

wloglell
|

=11

vs.Ah Nuts. us. VilesVidgets
" %

vl N

b NN

vs. RingaDingies

SMEEEEE N

us. SweetNuthins.

00 E

250% 2s0%
200% 200%
50 0%
100 o0

T;DD:DD:I CleamEimmmm
4 Aug Sep Oct Now D i Aug Sep Dot Now ko

Redesign

104

Measures
Apc-A
Apc-H
Fite-A

FEE SRS
E E
>

392 marks

Number of Records
4 Measure Values

EXPLORATORY DATA ANALYSIS

s Show Me

Hoeom 8 W@ & - poe | i~ | Normal
Data Analytics  * | pages Pe-H (bin)
“Cleavage sort
. — = Rows SUM(ApC-A)
. Pe-H (bin) Gl Tie Flow Cytometry
. Time (bin)
s Measure Names

wars

ul Avomatie ¢ sou

RS

Color | | Size | | Label

Detail | Tooltip

& | Time (bin)
SUM(Time)

“Time bir)

20

W

W oo
Mo

o

s

T

Forstacked bars try
1 or more dimensions
1 or more measures

ODataSource | sheet2 |t #A to

Lrow by 258 columns  SUM(ApC-A): 827,679,688

Tableau: based on Polaris [Stolte 2002]
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-355
-350
-345
-340
-335
-330
-325
-320

=315

| | | | | | |
1959-01 1964-03 1969-05 1974-07 1979-09 1984-11 1990-01

—340
-320
| | | | | 1 |
1959-01 1964-03 1969-05 1974-07 1979-09 1984-11 1990-01

Aspect Ratio = 7.87

PRINCIPLES OF CHART DESIGN

CO, Measurements
from William S. Cleveland

Visualizing Data, 1993

Trends may occur at different scales!
Apply banking to the original data or to
fitted trend lines. [Heer & Agrawala 2006]

106

INTERACTION

>Ji Oboys Ogins Wb oth 2007 rank, boys

Baby name voyager
[Wattenberg 2005]

107
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v/ Tl
1 - _qihet f ”
CREY [T, e 4
S‘};"fl A-I; : .l} T /.

INTRODUCTION TOD
L] R | N

\

D3: Data Driven Documents [Bostock 2011]

108

PERCEPTION

TYPE 1
100 5 100 4

TYPE 2 TYPE 3
100 100+

TYPE 4

TYPE S
100 4

Graphical Perception [Cleveland and McGill 1984]

109
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VISUAL EXPLAINERS

Watch how the measles outbreak spreads when kids get
vaccinated - and when they don't

%) vaccinated (a3 susceptible (+#) vaccinated but susceptible .mlc:lcd @ contact with an infected person

NOT PROTECTED NOT PROTECTED
10.0% vax rate 30.0% vax rate 50.0% vax rate 58.5% vax rate, similar to

68.9% vax rate, similar to
Okanagan County, WA

Thurston County, WA

74.4% vax rate, similar to

83.8% vax rate, similar to
Island County, WA

86.0% vax rate, similar to
Santa Cruz County, CA

90.0% vax rate, similar to
Los Angeles County, CA

99.7% vax rate, similar to
Orange County, CA

Gadsden County, FL

110

COLOR

ColorBrewer i

5-class diverging RdGy
legend type
learn more

mini legends

PR
6 = :

@D @ @ 6 o

@
>
> R
- T
= ° map zoom 0 @ map borders @ @city symbols @ @road network @
background color border color [white Jl black] road "Elw“fk.m""
color specs °e °e D ooo

Cynthia Brewer http://www.personal.psu.edu/faculty/c/a/cab38/

111
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ANIMATION

i

25 3 15

itv rate. total (

Gapminder [Rosling 2006]

112

dlg)

i)
dylagll

diswdl_, a1

oTY_DInR
ANDPOR_T

T
YIDTI_A_DNR_DT)
Ya_Timy_pap

B DD _TMIQ_xy

DY

TXI9N_TAr e

TIn

NETWORKS

&)las
LsHge

*4'1:.495:?

s _lss

A

=Tmn
WIRY_TIAI_nm_ Do
= TTDOM

= THaN_Th2yn
TINn_Mmg

=T

=N

<.6items...>»
=gl
’J_Aélg)

"
£ s

= E—'fl o

= Liygal

e oylei_g_sbeidl
bl

" S
B Siny6_g_dnalr
<..7 items...>

=

= IR

= 77an
=mym
=_DT
=y

= Afrikaans

e Arabic

<...18 items...>
[B== Euskara
= Faroese

&7 = Frangais
= Frysk

= Gaeilge

= Galego

== Greek

= Hindi

B== Hrvatski
== Indonesia
= Interlingua
[B=== Italiano
[B== Japanese

= Kannada

= Kiawahili

[B== Korean

= Latvian

<..31 items..>

Degree-of-Interest Trees [Heer 2004]

[ Adult

== Arts

[B== Business

[B=== Computers

[B== Games

[B=== Health

== Home

[B== Kids_and_Teens
[B== News

[E=== Recreation

[B== Reference
vaegional
b' Science
[B== Shopping
[B=== Society
== Sports
—World

-Top

s
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DECONSTRUCTING VISUALIZATIONS

Original

175

> > =
3 & 3

Heightiem
&

@
2

Individual heights

Kristy
Sandra
Amanda
Jayne
Kay
Devinder
Samantha
Maria
Hayley
Clare
Lisa

Kate
Cara
Caroline
Sarah
Joanne
Carol
Suzanne
Melissa

Redesign #1

145 100 120 140 160 180
140
135 L,

22 3 2 e s e »E s B e S & o @

2Feacoe el e F s &=

2 53882 ESs XS ES58¢ ¢

2518 ©CfzEs ogT =558

= & a o < g

8
Name

Redesign #2

o0 o
140 145 150 155 160 165 170

ReVision [Savva 20011]
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VISUALIZATION AND Al

- - .| EER Tshin
Clothes terdngz —iiSs
= Koitwear
=1 chifon
m— Sweater
=1 Hoode
B Windbreak (@]
=3 Jacket
@ Down Coat

dreésr shirt

0 Undenwear

S. [TKnitWEar [ Jacket DGWAM  Sut SN Oress || Unde

v BB
Sl

fualt ©)

[ fevei0 | (a)
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THE FUTURE OF VISUALIZATION

Where is more work required?

What emerging technologies and societal trends will impact
visualization design?

What did you find most difficult in creating visualizations and
designing techniques?

116
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