6.859: Interactive Data Visualization

Effective Encoding & Dark Patterns
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Mapping or Visual Encoding

Data ————— > Visual

Expressiveness Effectiveness

A set of facts is expressible in a visual A visualization is more effective than
language if the sentences (i.e. the another if the information it conveys
visualizations) in the language is more readily perceived than the
express all the facts in the set of data, information in the dther visualization

and only the facts in the data.

L Data models give Image models give

us a way of talking + usa way of talking
about this. about this.




The Semiology of Graphics (1967)

( Study of signs and how cultures use them.

(Anything that stands for something other than itself.

Images are perceived as a set of signs.
Sémiologie

i e Sender encodes information in signs.

Through visual perception, the receiver
decodes the signs for information:

1. Whatare the elements in question?

2. What are the relationships

Jacques Bertin (1918 —2010)
French cartographer between them?
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What do these signs signify?

1. A, B,Caredistinguishable.

2. Bisbetween A andC.

3. BCistwiceaslongasAB.

Sender encodes information in signs.

Through visual perception, the receiver
decodes the signs for information:

1. Whatare the elements in question?

2. What are the relationships
between them?

"Resemblance, order, and proportional
are the three signfields in graphics.”
—Bertin



Visual
Variables

Also called
visual channels.

Used to encode
data values as
characteristics
of marks.

*From 1967, so Bertin
only accounted for

visualizations that were 3

printable, white paper.
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Channels: Expressiveness Types and Effectiveness Ranks

(® Magnitude Channels: O or Q attributes (® Identity Channels: N attributes
Position on common scale '—._'I . Spatial region = u B
Position on unaligned scale '_HI o1 Color hue HE B
Length (1D size) e Motion O o ® .C}.
Tilt/angle ‘ S Shape + O B A
Area (2D size) - = 0
Depth (3D position) F—>e H——e
Color luminance m e
Color saturation o
Curvature ) ) D)

Volume (3D size) C v W Tamara Munzner, Visualization Analysis and Design (2014).



Visual Encoding: 1 Nominal, 1 Quantitative
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Visual Encoding: 1 Nominal, 1 Quantitative
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Visual Encoding: 1 Nominal, 1 Quantitative
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Miles_per_Gallon

Visual Encoding

Mark: Point

dquantitative 2 X

Clquantitative 2y
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Miles_per_Gallon

Visual Encoding

50
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Clquantitative 2y
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Miles_per_Gallon

Visual Encoding

Mark: Point
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Visual Encoding
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Visual Encoding
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Visual Encoding
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Channels: Expressiveness Types and Effectiveness Ranks

(® Magnitude Channels: O or Q attributes (® Identity Channels: N attributes
Position on common scale '—._'I . Spatial region = u B
Position on unaligned scale '_HI o1 Color hue HE B
Length (1D size) e Motion O o ® .C}.
Tilt/angle ‘ S Shape + O B A
Area (2D size) - = 0
Depth (3D position) F—>e H——e
Color luminance m e
Color saturation o
Curvature ) ) D)

Volume (3D size) C v W Tamara Munzner, Visualization Analysis and Design (2014).
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Channels: Expressiveness Types and Effectiveness Ranks

(® Magnitude Channels: O or Q attributes
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Channels: Expressiveness Types and Effectiveness Ranks

(® Magnitude Channels: O or Q attributes
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Gene Expression Time-Series [Meyer et al.10]
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Artery Visualization [Borkin et al’11]

Rainbow Palette
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Channels: Expressiveness Types and Effectiveness Ranks

(® Magnitude Channels: O or Q attributes (® Identity Channels: N attributes
Position on common scale '—._'I . Spatial region = u B
Position on unaligned scale '_HI o1 Color hue HE B
Length (1D size) e Motion O o ® .C}.
Tilt/angle ‘ S Shape + O B A
Area (2D size) - = 0
Depth (3D position) F—>e H——e
Color luminance m e
Color saturation o
Curvature ) ) D)

Volume (3D size) C v W Tamara Munzner, Visualization Analysis and Design (2014).



Using space (in)effectively

(De-)Obfuscating data

(Mis)leading the witness



Using space (in)effectively

(De-)Obfuscating data

(Mis)leading the witness
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Truncate the y-axis:

: ;
eline?|

o |fthe zero value doesn't make much sense.
« To emphasize Q-interval (vs. Q-ratio) comparisons.
o Ifitisthe norm (e.g.,stock charts).
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https://qz.com/418083/its-ok-not-to-start-your-y-axis-at-zero/
https://qz.com/418083/its-ok-not-to-start-your-y-axis-at-zero/
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Approximate the proportion of the  35% increase =1/3rd
chart to match the depicted trend. =~ 3:1aspect ratio

&

et e B e — - ——

Average world life expectancy at birth (years)
/5 —

70 —

60 —

50 —

1960 1970 1980 1990 2000 2010 2016

[Alberto Cairo. How Charts Lie, 2019]



Aspect R
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Approximate the proportion of the
chart to match the depicted trend.
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Aspect R

(1) Approximate proportion of the  (2) Bank to 45°: aspect ratios with
chart to match the depicted trend. 45°avg. line segment orientation.
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(1) Approximate proportion of the  (2) Bank to 45°: aspect ratios with
chart to match the depicted trend. 45°avg. line segment orientation.
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(1) Approximate proportion of the  (2) Bank to 45°: original data or
chart to match the depicted trend. fitted trend lines.
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Scaling Axes: Linear vs. Log|
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Using space (in)effectively

(De-)Obfuscating data

(Mis)leading the witness
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'Data-Ink Ratio|
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Data ink
Total ink use in graphic

Proportion of a graphic's ink devoted to
non-redundant display of data.

1.0—proportion of graphic that can be erased.
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Remove
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(the data-Iink ratio)

Darkhorse Analytics darkhorseanalytics



When is the data-ink ratio helpful?

Does it have limitations?

Might it ever be harmful?

s there benefitin using ink for non-data?

Data- Ink Ratlo 32
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MONSTROUS COSTS

Total House and Senate
campaign expenditures,
in mithons

MONSTROUS COSTS
Total House and Senate campaign expenditures, in millions
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Average price of a one-carat D-flawless

DIAMONDS WERE A GIRL'S BEST FRIEND
Average price of a one-carat D-flawless
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$40,000

$30,000

$20,000
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average of first
nene months

1982

EMPLOYMENT COSTS FOR A STEELWORKER PER HOUR
Average of first nine months, 1982
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THE COSMETICS DOLLAR
Where it goes
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The Rise in

® w

Cigarette Prices

THE RISE IN CIGARETTE PRICES
Average retail price per pack of cigarettes, in cents
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(De-)Obfuscating data

(Mis)leading the witness
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Swimming pool drownings

Number of people who drowned by falling into a pool
correlates with

Films Nicolas Cage appeared in

Correlation: 66.6% (r=0.666004)

1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009
140 drownings 6 films
120 drownings 4 films 'z
S
o
3
Q
09
100 drownings —— \ o
80 drownings 0 films
1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009

-®- Nicholas Cage -6 Swimming pool drownings

tylervigen.com


https://www.tylervigen.com/spurious-correlations

Cheese consumed

Per capita cheese consumption
correlates with

Number of people who died by becoming tangled in their bedsheets

Correlation: 94.71% (r=0.947091)

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009

800 deaths

wo)

)

o

-

31.51bs 600 deaths g

3

as,

5.

0

301lbs 400 deaths «
28.51bs 200 deaths

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009

-®- Bedsheet tanglings =¢= Cheese consumed

tylervigen.com


https://www.tylervigen.com/spurious-correlations

Life expectancy
(in years)

(Source: World Health Organization)
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Life expectancy
(in years)

(Source: World Health Organization)

Each red dot is a country

1,000 1,500 2,000 2,500

Annual cigarette consumption
per person above age 14

3,000
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"There is a positive
relationship between
cigarette consumption and
life expectancy at a country-
by-country level!”
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Life expectancy
(in years)

(Source: World Health Organization)

Each red dot is a country

1,000 1,500 2,000 2,500

Annual cigarette consumption
per person above age 14
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"There is a positive
relationship between
cigarette consumption and
life expectancy at a country-
by-country level!”
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Life expectancy
(in years)

500

® High-income countries

Middle-income countries

Low-income countries

1,000 1,500 2,000 2,500

Annual cigarette consumption
per person above age 14

3,000

"T!.A(\ IAA N4 ﬁ:ﬂq !A_/’!'!",")(' LA
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(
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CUTIOUITTIC, UTiIC Trivrevve rive.

"There is a positive
relationship between
cigarette consumption and
life expectancy at a country-
by-country level!”
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per person above age 14
[Alberto Cairo. How Charts Lie, 2019]
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Women
Applicants Admitted Applicants | Admitted
Total 8442 44% 4321 35%

Men Women
Department

Applicants | Admitted Applicants Admitted
825 62% 108 82%
560 63% 29 68%
325 37% 34%
417 33% 35%
191 28% 24%

373 6% 7%

Table 1: Change in Median Wage by Education from 2000 to 2013

Segment Change in Median Wage (%)
Overall +0.9%
No degree -71.9%
HS, no college -4.7%
Some college -7.6%
Bachelor’s + -1.2%

™ .
% ® Economix

Explaining the Science of Everyday Life

Can Every Group Be Worse Than Average? Yes.

BY FLOYD NORRIS WMAY 1, 2013 12:17 PM

Table 2: Number Employed (in millions) by Education: 2000, 2013

Segment Employed 2000 Employed 2013  Change (%)
Overall 89.4 93.0 +6.4%
No degree 8.8 7.0 -21.3%
HS, no college 28.0 25.0 -10.6%
Some college 247 26.0 +5.4%
Bachelor’s + 27.8 37.0 +33.0%



https://economix.blogs.nytimes.com/2013/05/01/can-every-group-be-worse-than-average-yes/
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Titles & Labels)

)

|

[Syrian refugees visualization title] b) [Military budget visualization title]

DEFENSE BUDGET
AS A PERCENTAGE OF GDP

DEFENSE BUDGET IN
CONSTANT FY 2015 DOLLARS
(IN BILLIONS)

| 6K
] ok 0.004 —

- ‘.‘-,"‘\

1K

o . Korean War, Vietnom war, Reagan duildup, Wars in Afghaenistan and irag
Number of Syrian Syrian refugees as a sha'e of 1950-1953 195G-1975 1981-1988 2001-
refugees accepted host population, % of total

\S'/CrLr"ﬁzs;-U HCR Syra Regional F.“’r'r“:-""" Regponse Scurces: .S, Depatment of Defenze, National Defense Budget Estimates for FY 2015, April 2C14,
sridemeters: paouation by ~ountry

O UATH . ;. mme . - ' -
Internatonal Monetary Fund. Database updated on 12 Aoril 2017 (accessec January 16, 2018), and Heritage Foundation ca culations BG 2989 & heritage.arg

Figure 1: Two visualizations on popular foreign policies that show two variables supporting opposite sides of the policy.
a) shows the number of Syrian refugees accepted in each country and Syrian refugees as a share ot host population
Supporting title: U.S. has accepted a lower percentage of Syrian refugees than the U.K., Spain, Finland, and Austraha
Non-supporting title: U.S. has accepted more Syrian refugees than the U.K., Italy, Russia, and Finland combined

b) shows the U.S. defense budget in the last 50 years 1n constant fiscal year 2015 dollars and as a percentage of GDP
Supporting title: Defense budget on a steady decrease as a percentage of GDP over the past 50 years

Non-supporting title: Defense budget on an increase in constant dollars heading towards $500 billion by 2019



http://social.cs.uiuc.edu/papers/Kong-CHI18.pdf
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Titles & Labels|

Military budget
pro con

Syrnan refugees
pro con

Issue-specific/

=

Generic Subcategory Example

0 0
14 ’:
0 13

21 27

2
1

18
10

0

1 27
0 14
| 1
2
0

risk Letting 1n potential killers?
Conlflict imperative Keep them out

priority We can’t feed our own

cconomic U.S. can’t afford to house refugecs

Economic . . . X
imperative No more increase tor war

17

0
4

human Syrians need homes too

Human interest : .
safcty Safety against terrorism

morality We need to do our share

O NN OO ]

S OO Wi O = o W A
o OO O C O N = O Q

Morality

—

US 1dentty We must remember lady liberty

Other countries need to do more
for Syrian refugees than US

-

Responsibility  responsibility

variable Comparison of defense budget to GDP
trend Decrease in defense spending
Statistics value 16K Syrian Refugees in the US

balanced Defense budget in billions of dollars
and as a percentage of GDP
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Open-ended

topic

undecided

Syrian refugee acceptance

Syrian refugees, what to do
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Experiment 2
(slant of titles)
refugee-pro | | 30 2
refugee-con | 28 1
budget-pro 32 1
budget-con 21 2 0

Table 3: The number of participants who indicated an attitude
change for each topic and title slant. Attitude change i1s mea-
sured by the difference between the post-survey attitude and
the pre-survey attitude. Each attitude 1s on a 7-point Likert
scale ranging from “Strongly Disagree” to “Strongly Agree.”
Expected directions of change are marked 1n pale blue.
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Experiment 2
(slant of titles)
refugee-pro 2
refugee-con |
budget-pro 1
budget-con 0

Table 3: The number of participants who indicated an attitude
change for each topic and title slant. Attitude change i1s mea-
sured by the difference between the post-survey attitude and
the pre-survey attitude. Each attitude 1s on a 7-point Likert

scale ranging from “Strongly Disagree” to “Strongly Agree.
Expected directions of change are marked 1n pale blue.
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Perceived bias by attitude-consistency of the title
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