(In)Effective Visual Encoding

DSC 106: Data Visualization
Sam Lau
UC San Diego



Announcements

Lab 2 out, due this Friday.
Project 1 due next Tuesday.

Sam’'s OH are in-person on Friday 3-4pm (but will change next week)

FAQS:

1. What if | joined the class late? We'll provide extensions for
assignments, you'll use participation drops for weeks missed.

2. What should | submit for the Lab videos? One mp4 file, max 2
minutes. See the Lab 2 page for guidelines.



How to ace Project 1



Try out a LOT of possible visualizations!
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Seasonal Sunshine and Rainfall Trends in Major U.S. Cities @ Chicago Which US region (Western, Central, or Eastern) has the highest average rainfall throughout the year? How Rainfall Differs Between Cities Through the Year
10 Houston 657 US Location The size of the line represents the average inches of rainfall for that month
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Dow, Steven P., et al. "Parallel prototyping leads to better design results, more divergence, and increased self-efficacy." ACM Transactions on Computer-Human Interaction (TOCHI) 17.4 (2010): 1-24. 4



Then, tell a story

A Tale of Two Cities: How Dramatic are the Effects of Seasonal Depression?

Compared to a city like Miami, where sunshine hardly changes year round, Google searches for depression flucates much more 1n Chicago.
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Then, tell a story

Missing takeaway [ question In
title was most common reason
for docking points last year



Then, tell a story

A Tale of Two Cities: How Dramatic are the Effects of Seasonal Depression?

Compared to a city like Miami, where sunshine hardly changes year round, Google searches for depression flucates much more in Chicago.
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50%- Just two cities, not all variable
0 . - (Google Searches for '‘Depression'’
40% 40% - Hours of Sunshine
30% - 30% —
20% - 20% —

0 0
o 10% —/ o 10% -
c -
© © |
K i
O  0%- O  0%- \/
= =
g ~10%- S -10% -
o (+
-20% -~ -20% -
-30% - -30% -
-40% - -40% -
—50% | | I | I I | I I I | —-50% I I I I I I | I | | |
1 2 3 4 5 6 7 8 9 10 11 12 1 2 3 4 5 6 7 8 9 10 11 12



Then, tell a story

A Tale of Two Cities: How Dramatic are the Effects of Seasonal Depression?

Compared to a city like Miami, where sunshine hardly changes year round, Google searches for depression flucates much more in Chicago.
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How Does San Francisco's Sunshine Trend Compare to Other Major U.S. Cities?
San Francisco's Peculiar Sunshine Trend
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More Project 1 examples
(won't cover In lecture, but here as a
resource for you)

Most of these examples are imperfect, but | included
because of their creativity.
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How Does Location Impact the Average Annual Rainfall of Major U.S. Cities?

Rainfall

61.90in

1. Miami

" e 49.58in
2. Houston 69300

3. New York City

Atlantic |
4. Chicago 33.201n
_ Ocean
Pacific
Ocean 5. San Francisco —==:2010
6. San Diego 10.34in

Gulf of Mexico e
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"My Husband Hates Rain. | Love Rain and Hate My Husband. Where's the Best Place to Live in the US?"

WINTER Avg. Precipitation SPRING Avg. Precipitation

Precip. In.
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What is the relationship between sunshine and rainfall by month for each city?
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Did Your City Recieved More Sunlight to Sunny San Diego in the Same Month?

Hours Sunnier than San Diego
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Visual Encodings



Mapping or Visual Encoding

Mackinlay, Jock. "Automating the design of graphical presentations of relational information." Acm Transactions On Graphics (Tog) 5.2 (1986): 110-141.
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Mapping or Visual Encoding
Data Visual

Expressiveness Effectiveness

A visualization is more effective
than another If the iInformation it
conveys IS more readily perceived
than the information in the other
visualization

A set of facts Is expressible In a
visual language If the sentences
(1.e. the visualizations) In the
language express all the facts In
the set of data, and only the facts
In the data.

Mackinlay, Jock. "Automating the design of graphical presentations of relational information." Acm Transactions On Graphics (Tog) 5.2 (1986): 110-141.
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Mapping or Visual Encoding
Data Visual

i
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Visual Encoding!



Percent of working-age people who said they had “serious difficulty” with ...

Walking or taking

the stairs

4%

Remembering, concentrating

or making decisions
3% | Mark: Line

| X-axis: date (Q-interval)
A T o T
2% Doing basic errands START OF Y-axiIs: pE rcent (Q_ratIO)
outside the home PANDEMIC
What about color?
1%
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2009 2011 2013 2015 2017 2019 2021 2023
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https://www.nytimes.com/2024/01/10/upshot/covid-pandemic-wave.html



https://www.nytimes.com/2024/01/10/upshot/covid-pandemic-wave.html

Drop off

Estimated monthly active Twitter/X users
% change on a year earlier

20
Oct 2022
Elon Musk
buys Twitter 10 Mark: bar

0 X-axis: date (Q-interval)
Y-axis: percent (Q-ratio)

A€ Same encodings as line

plot, just different mark!
-20
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2021 22 23

*To December 5th
Source: Sensor lower https://www.economist.com/graphic-detail/2023/12/20/has-twitter-now-x-become-more-right-wing 21



https://www.economist.com/graphic-detail/2023/12/20/has-twitter-now-x-become-more-right-wing

Spotting a trend

Emigration from the Northern Triangle* to United States,

by weather extremity, 2012-18 Emigration per 100,000 people

1,000

Administrative regions € Wetter Drier -

Mark: point

X-axis: dev (Q-ratio)

Y-axis: emigration

U | -
2.5 2.0 1.5 1.0 0.5 0 0.5 1.0 1.5 2.0
Weather deviationsT from historical average

*El Salvador, Guatemala and Honduras ~ TUsing the Standardised Precipitation-Evapotranspiration Index three-month average

Source: “Dry growing seasons predicted Central American migration to the US from 2012 to 2018", by A. Linke et al., 2023

https://www.economist.com/graphic-detail/2023/11/17/why-central-americans-migrate-to-the-united-states-when-they-do

https://www.nature.com/articles/s41598-023-43668-9 29



https://www.economist.com/graphic-detail/2023/11/17/why-central-americans-migrate-to-the-united-states-when-they-do
https://www.nature.com/articles/s41598-023-43668-9
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Team won

- T8 Ta
AN
/Wi
AW \J

Actual win percentage

Team lost

Mark: point

X-axis: chance (Q-ratio)
Y-axis: ?7 (nothing!)

Forecasted chance of winning

https://projects.fivethirtyeight.com/checking-our-work/

o We thought the Red

Sox had a 78%
chance of beating
the Orioles on Sept.

26, 2018. They won.
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https://vega.github.io/vega-lite/examples/point angle windvector.html

tryclassbuzz.com:

wind
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A Design Space of Visual Encodings



Visual Encoding = Combinatorial Desigh Space

1D nominal data (N, O)
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Visual Encoding = Combinatorial Desigh Space

1D nOminal data (NI O) Count of Records
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Visual Encoding = Combinatorial Desigh Space
1D quantitative data (Q)

raw aggregate (count)

Weee: sk ol
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Visual Encoding = Combinatorial Desigh Space

1D quantitative data M

aggregate (count)

Weee: sk ol
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Visual Encoding = Combinatorial Design Space

aggregate (count)
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https://vega.github.io/vega/examples/histogram/
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Visual Encoding:
Nimble Design Moves




Effective Visual Encodings



Channels: Expressiveness Types and Effectiveness Ranks

(® Magnitude Channels: Ordered Attributes (® Identity Channels: Categorical Attributes
- — A : : O
Position on common scale e | 7 Spatial region - .
=
Position on unaligned scale ! ', ! o1 Color hue HE B
: o . N\ o ©
Length (1D size) Motion o ® G
Tilt/angle ‘//_ Shape + O 0 A
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>
Depth (3D position) e —e E
Color luminance "l
S
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Color saturation o
Curvature ) ) D Tamara Munzner, Visualization
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Volume (3D size) e g " 3 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

Position on common scale
Position on unaligned scale
Length (1D size)

Tilt/angle

Area (2D size)

Depth (3D position)

Color luminance

Color saturation

Curvature

Volume (3D size)

e
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Most
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Artery Visualization

I o
AR - be |3

RainbOW Palette Stress (Pa)

o ‘ Borkin, Michelle, et al. "Evaluation of artery visualizations for heart disease diagnosis." 2071
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Channels: Expressiveness Types and Effectiveness Ranks

(® Magnitude Channels: Ordered Attributes (® Identity Channels: Categorical Attributes
- — A : : O
Position on common scale e | 7 Spatial region - .
=
Position on unaligned scale ! ', ! o1 Color hue HE B
: o . N\ o ©
Length (1D size) Motion o ® G
Tilt/angle ‘//_ Shape + O 0 A
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Depth (3D position) e —e E
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Color saturation o
Curvature ) ) D Tamara Munzner, Visualization
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Volume (3D size) e g " 3 Analysis and Design (2014).



Using space (in)effectively

(De-)Obfuscating data

(Mis)leading the withess




Using space (in)effectively
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100% = 100% —

(a) Bar Chart
perception...
. ...and interventions did not make a
... difference.
N (a) Bar Chart 0021)) Broken Axes  (c) Gradient Bar Chart

100%-

80% Correll, Michael, Enrico Bertini, and Steven Franconeri.

(d) Torn Paper Chart (e) Panel Chart (f) Interactive Focus+Context (g) Bent Bar Chart "Truncating the y-axis: Threat or menace?." CHI 2020.

100%; 100%,

I I I 80%-

w—

100%-

0%-
100%-

80%-
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Always start at zero?

US GDP US GDP

https://gz.com/418083/its-ok-not-to-start-your-y-axis-at-zero
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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/
https://qz.com/418083/its-ok-not-to-start-your-y-axis-at-zero

Truncating the y-axis?

Samantha
Maria

Compare proportions? e

Lisa

(Q-ratio)
Individual heights —
Caroline
ﬁ Sarah

Joanne

175 -
Carol
170 - Suzanne
Melissa
1% 0 20 40 60 80 100 120 140 160 180
160 -
S
5155-
@
T80 Kristy O
145 - Sandra O
Amanda O
15H < ° ° ° ? _IayneO
A RRNRRNARRARRNRRRNE Compare relative positions” o
jeEigceriegEEegesest : i}
— x = o £ B
2 fE3 00 EE GETCOFEE (Q-Interval) "
0

Hayley O
Name ﬁ Clare O
. Lisa O
Kate O
Cara O
Caroline O
Sarah O
Joanne O
Carol O
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Melissa O
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To emphasize Q-interval (vs. Q-ratio)

® _ d ?
Truncating the y-axis? |t ine zero value doesn't make much sense.

If 1t I1s the norm (e.qg., stock charts).

. . City Atlas
‘m National Review & ( Eollow > o é @cityatlas
@NRO
. Replying to @NRO
The Only #C“mateChange chart you need to L@NRO @powerlineUS @bradplumer I'm sure someone else has fixed
see. natl.re/wP Kpro this for you, but here you go. Great idea, thx --

(h/t @powerlineUS)

Average Annual Global Temperature in Fahrenheit
1880-2015

19%0 :n;n mo m. au 0 190 lc;n u;t u. au nu 2010 5:28 PM - Dec 14, 2015

12:36 PM - 14 Dec 2015 78 Retweets 1 Quote Tweet 208 Likes .



Average world life expectancy at birth (years)

1970 1980 1990 2000 2010 2016

70 —
(Source: World Bank Data)
70 —
60 —
50 B | | | | | | |
60 — 1960 1970 1980 1990 2000 2010 2016
Too narrow
and tall Too wide
and short
50— |
50 -
1960 1970 1980 1990 2000 2010 2016

Cairo, Alberto. How charts lie: Getting smarter about visual information. 2019
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Aspect Ratio

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

70 —

Approximate the proportion of
60 — the chart to match the depicted
trend.

35% increase = 1/3rd
~ 4:3 aspect ratio

50 —

1960 1970 1980 1990 2000

Cairo, Alberto. How charts lie: Getting smarter about visual information. 2019
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SUNSPOT NUMBER

Aspect Ratio

1. Approximate the proportion of

o] | | 1 the chart to match the depicted
1 | | trend.

100 - h ‘ i

Cleveland, William S., and Robert McGill. "Graphical perception: The visual decoding of quantitative information on graphical displays of data." 7987

 — i 1 | i | 1 L :
| QL 150 '
|| | g 3 \/\/\/\f\f\/\/\/\/\/\/\/\/\/\/\.
/ | n Z . ; — T T ™ T
ﬂ 1750 1800 1850 1900
so—M W H -
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SUNSPOT NUMBER

Aspect Ratio

1. Approximate the proportion of

o] | | 1 the chart to match the depicted
1 | | trend.

100 - h ‘ i

J 11 W 1 HL\H 2. Bank to 45°: aspect ratios
—— 1 with 45° avg. line segment
orientation.

Cleveland, William S., and Robert McGill. "Graphical perception: The visual decoding of quantitative information on graphical displays of data." 7987

- | —l i | i | 1 L »
| QL 150
/ | B = ' — T =T B T
so 4 | | ﬂ \ i 1750 1800 1850 1900
| | H

51



Clip them out.

Scaling Axes: Outliers and Skew  Options:

America &

East Asia & Pacific 4

Europe & Central Asia §

Middle East & North Africa 4 @

South Asia -

Sub-Saharan Africa -

| | | | | | |
200,000,000 400,000,000 600,000,000 800,000,000 1,000,000,000 1,200,000,000

pop




Clip them out.

Scaling Axes: Outliers and Skew  Options:

America &

East Asia & Pacific -

Europe & Central Asia €

Middle East & North Africa -

South Asia -

Sub-Saharan Africa -

| | | | | | |
0 40,000,000

| | |
120,000,000 160,000,000 200,000,000

pop

|
80,000,000




Scaling Axes: Outliers and Skew

N
o

dis/min x 10°3)

Violates
expressiveness
principle: this trend
does not exist in the

data.

EDINBURGH
STOCKHOLM
FLORENCE
GENOA
TURIN
WARSAW
COPENHAGEN
LISBON
PALERMO
MADRID
BERLIN
ROME

Options:

1. Clip them out.
2. Scale breaks

...................

...................

.......................................

.......................................

Prevents direct visual
comparison of values:

(cognitive — not
perceptual — work)

LONDON

.......................................................................

................................

................................

POPULATION (THOUSANDS)
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1. Clip them out.

Scaling Axes: Outliers and Skew Options: 2. Scale breaks
3. Log scale

POPULATION (THOUSANDS)

EDINBURGH
STOCKHOLM
FLORENCE

GENOA Enables direct

TURIN

WARSAW visual comparison

COPENHAGEN

LISBON of values within and
PALERMO

: MADRID across orders of
Violates BERLIN

ROME

expressiveness| | PETERSBURGH
principle: this trend}] ¢ s

% DUBLIN

does not exist in the £ AMSTERDAM
1 MOSCOW

VIENNA

NAPLES

PARIS
CONSTANTINOPLE
LONDON

N
o

dis/min x 10°3)

magnitude

data.

LOG BASE 2 POPULATION (LOG THOUSANDS) 09



1. Clip them out.

Scaling Axes: Outliers and Skew Options: 2. Scale breaks

3. Log scale

America &

East Asia & Pacific 4

Europe & Central Asia §

Middle East & North Africa 4 @

South Asia -

Sub-Saharan Africa -

| | | | | | |
200,000,000 400,000,000 600,000,000 800,000,000 1,000,000,000 1,200,000,000

pop




1. Clip them out.

Scaling Axes: Outliers and Skew .. . 2. Scale breaks
ptions:
3. Log scale

America -

East Asia & Pacific -

Europe & Central Asia -

Direct visual comparison of values
within and across orders of

magnitude — no clipping required!
+ | |
I1 0,000 1 OOI,OOO 1 ,OO(I),OOO 1 O,OOIO,OOO 1 OO,O(I)O,OOO 1 ,000,0|O0,000

pop




Scaling Axes: Linear vs Log

Linear Scale

Absolute change

10 visual units (pixels) =
10 additional data units

Jan 2005 Jan 2006 Jan 2007 Jan 2008 Jan 2009 Jan 2010

Log Scale

Percentage change

10 visual units =
multiplication of 10 data units

Jan 2005 Jan 2006 Jan 2007 Jan 2008 Jan 2009 Jan 2010 R
date (year-month) i



Scaling Axes: Linear vs Log

Constraints
Positive, non-zero values
Audience familiarity?

Log Scale

Percentage change

10 visual units =
multiplication of 10 data units

Jan 2005 Jan 2006 Jan 2007 Jan 2008 Jan 2009 Jan 2010 5
date (year-month) i



Using space (in)effectively



Using space (in)effectively

(De-)Obfuscating data

(Mis)leading the withess
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alfisol

entisol

histosol
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Trellis Plots

Subdivide space to
enable comparison
across multiple plots.

Typically nominal or
ordinal variables are
used as dimensions for
subdivision.

variety

variety

variety

Glabron -
Manchuria -
No. 457 -
No. 462 -
No. 475 -
Peatland -
Svansota -
Trebi -
Velvet -

Wisconsin No. 38 -

Glabron -
Manchuria -
No. 457 -
No. 462 -
No. 475 -
Peatland -
Svansota -
Trebi -
Velvet -

Wisconsin No. 38 -

Glabron -
Manchuria -

No. 457 -

No. 462 -

No. 475 -

Peatland -
Svansota -

Trebi -

Velvet -

Wisconsin No. 38 -

https://www.tandfonline.com/doi/abs/10.1080/00031305.2013.801783

Crookston
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I I | I
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O
o
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I
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https://www.tandfonline.com/doi/abs/10.1080/00031305.2013.801783

Data-ink Ratio

Data Ink
Ink used 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
o IMmprove

(the data-Iink ratio)

Darkhorse Analytics darkhorseanalytics


https://www.darkhorseanalytics.com/blog/data-looks-better-naked

Data-ink Ratio

When is the data-ink ratio helpful? tryclassbuzz.com:
Does it have limitations? dataink

Might it ever be harmful?
|s there benefit in using ink for non-data?

?FrenCh Lalories :’u?l' 10)0)o
Fries

E Potato
Chips

B Bacon

B Pizza

O Chili Dog

Number of Calories

3
2
1

French Potato  Bacon Pizza  Chili Dog

French Potato Bacon Pizza  Chili Dog Criec Chips

Fries Chips
Type of Food

Darkhorse Ana yuCs darkhorseanalytics



Chart "Junk”

MONSTROUS COSTS

Total House and Senate
campaign expenditures,

in millions

MONSTROUS COSTS
Total House and Senate campaign expenditures, in millions

1972 74 76 78 ‘80

Bateman, Scott, et al. "Useful junk? The effects of visual embellishment on comprehension and memorability of charts." CHI 2010.

>300

250

200

150

100

50
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Chart "Junk”

DIAMONDS WERE A GIRL'S BEST FRIEND

DIAMONDS WERE A GIRL'S BEST FRIEND

Average price of a one-carat D-flawless “ : Average price of a one-carat D-flawless
=1 $60,000
$60,000
=1 $50,000
$50,000
=1 $40,000
$40,000
Ll =1 $30,000
, EmE= A— o—
-8/ | | \ =1 $20,000
% ' $20,000
5™ 1978 1979 1980 1981 1982

|

- R t
1978 1979 {980 1981 1982

Bateman, Scott, et al. "Useful junk? The effects of visual embellishment on comprehension and memorability of charts." CHI 2010.



Chart "Junk”

'82
The Rise in Cigarette Prices
Aamrpgn "R a0 0aN g Y ' B
'81
'80
'79
'78

THE RISE IN CIGARETTE PRICES
Average retail price per pack of cigarettes, in cents

81.9

63.0

60.0

56.8

543

Bateman, Scott, et al. "Useful junk? The effects of visual embellishment on comprehension and memorability of charts." CHI 2010.
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Using space (in)effectively

(De-)Obfuscating data

(Mis)leading the withess




(Mis)leading the withess




What are the issues

with this chart?

https://www.politifact.com/factchecks/2015/oct/01/jason-chaffetz/chart-shown-planned-parenthood-hearing-misleading-/

PLANNED PARENTHOOD FEDERATION OF AMERICA:
ABORTIONS UP — LIFE-SAVING PROCEDURES DOWN

.‘i-,_. b
.-"‘4:__‘-.- {4“\ t_l .h’w' .
2 007 37 I V-‘. ."-" :'/' ‘:. . ’d |
. o~ A Y
- g v - B
’ v . A9 . y .f .~'I)q‘ €n
—_ Vv " /"'.. ."‘.t 2%
- ' 7 N & - ‘ ¥
<. 84S 1 VA,
o O i Y- . - ‘; c “""’I"'-
‘\\ . .':, -"_ ,n.\ ‘;' - 5 l\ A;/. ’-’- .  J
. 'lx {'IQ .:, . e .;v.- ,‘.',‘
. Y4 nl .

989,750 ™~

935,573
N 2013

I I I I I l I I
2006 2007 2008 2009 2010 2011 2012 2013

SOURCE: AMERICANS UNITED FOR LIFE
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https://www.politifact.com/factchecks/2015/oct/01/jason-chaffetz/chart-shown-planned-parenthood-hearing-misleading-/

Planned Parenthood Federation of America: Abortions vs. Cancer and Prevention
Services

2,500,000
@ Abortions @ Cancer Screenings & Prevention Services

2,000,000

1,500,000

1,000,000

500,000

M

0
2006.000 2006.875 2007.750 2008.625 2009.500 2010.375 2011.250 2012.125 2013.000

https://www.politifact.com/factchecks/2015/oct/01/jason-chaffetz/chart-shown-planned-parenthood-hearing-misleading-/
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https://www.politifact.com/factchecks/2015/oct/01/jason-chaffetz/chart-shown-planned-parenthood-hearing-misleading-/

==, St. Louis Fed &

FFFFFFF

s (@stlouisfed

An analysis looks at how defense
spending among the nations with the
highest expenditures has changed
since 1992 and what may have driven
the changes ow.ly/MyOx50MwEyF

Top Six Countries by Military Expenditures

$300 $1,000
w=China (Left Axis) @ «+ees India (Left Axis)

- = =« Russia (Left Axis) - «Saudi Arabia (Left Axis)
$250 e U.K. (Left Axis) e .S, (Right Axis) S900

$200 $800

$150

$700

$100 S600

Billions of Constant 2020 U.S. Dollars

S500

S400

92 1994 1996 1998 2000 2002 2004 2006 2008 2010 2012 2014 2016 2018 2020

N FEDERAL RESERVE BANK OF ST. LOUIS

Billions of Constant 2020 U.S. Dollars

7a» Readers added context they thought people
might want to know

While this information is correct, the graph is poorly
formatted, with a separate Y-axis on the right-hand
side which only applies to the US budget. This may

make it seem like China has a higher military
budget than the US, when the reverse is true.

data.worldbank.org/indicator/MS.M...

Do you find this helpful? Rate it

Context is written by people who use Twitter, and appears
when rated helpful by others. Find out more.

4:00 PM - 1/22/23 - 7.3M Views

1,128 Likes 157 Retweets 2,281 Quotes

lgs



Dual Axes Charts

80
trillion

70T —

60T —

o0T —

40T —

Global GDP
(in current USD)

¥

https://blog.datawrapper.de/dualaxis/

German and world GDP
were equal in 201177
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Dual-Axes Charts 7A

Orange steady,
Blue massively increasing.

Both started at the same
level, but Blue increased far
more than Orange.

https://blog.datawrapper.de/dualaxis/

Blue steady, Both started at the same
Orange increasing. level, but Orange increased
far more than Blue.

Both started with the Both steady.
same increase, then Blue
raced to the top.
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Using space (in)effectively

Rarely does a single
visualization answer all
questions. Instead, the

(De-)Obfuscating data |ability to generate

appropriate visualizations
quickly iIs critical.

Visualization draws upon
both science and art!
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(Mis)leading the withess




Next Time: Perception




