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Rules of thumbs
to critique visualization design
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Average Comments Per User By Identity

The average commenter using a pseudonym contributed 6.5 times more than anonymous

commenters and 4.7 times more than commenters identifying with Facebook.
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All of Inflation’s Little Parts

Each month, the Bureau of Labor Statistics gathers 82,000 pricesinabout  It's aniong the statistics that the Federal Reserve considered when it cut
200 categories — likz gasoline, bananas, dresses and garbage collection —  interast rates on Wednesday. The categories are weighted according to an
to form the Consnimer Priea Index, one measnre of inflatinn. estimata of what the average American spends, as shown helow.

An Average Consumer's Epending
Each shape beluw represents how rmuch the average Amerncan spends in different catzgories Culur shows chiange o prives lror March 2007 (v March 2003

Lerger shapes marke up a lerger part of spendirg. — | | | | —
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Food and severages 5%

The high prize of oil ie a factor that
has made fcod prices rise quicky.

—————— Transpor:ation 18%

Gas|ls 5.2 percert 21 spendrg
nationwice, but only 3.8
peruenl in bz New Yok aca.

Uzed carz
and hiuchs

Misccllancous 3%

Racreation 8%

— Health care 6%

Ax @ yroup, hez eldzily spend
abnut twine as much of fhair
budget on medizal care.

Educzation'Communication 6%
Celpnores were added to “he Irdex
in 1807. Bacause the Consumar
Price Incex zan be slow to adc new
goods, whieh are cftan cheaper, it
mav overstate perts ol Infatior.
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{what Fomnzowners would pay .

if they wera rerting tha r f—
homes)

Apparal 4%

The rata af spending an
women's cothes o thaton
mer’s clethes is abnit 2 tn1

Housing 42%

In the C.Pl., horre ownership costs trazk
reni prices more closely than housing
pricza. This reanz infatior may have
been understated when homz prices
were rising fastzr than rents.

Sourcas: Bureau of Laber S:atistics; Michael Balzer University of Kenstanz (Germany) Mztthew Bloch, Shan Cartar and Amanda CaxThe Naw York Times




Activity

Create abt least sikeetches to
visualize these two guantities. (1 min)
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Most likely results

—
Pie Chart /__L_E_— Bar Chart
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Activity

Create at least new visualizatiowns
that are different from your previous
ideas using a constraint - e.q., one line,
only black/white, only round objects,...
(2 mins)

42

3



45 Ways to Communicate Two Quantities

[Santiago Ortiz 2012]



Which one is the best and why?



1here are so many ways to
draw |ust two numpers...



S there an ideal way
to visualize a data set”/



It depends on

Data types e.g., table, network, spatial, tempora
Context of the data

lasks to perform e.g., identify trends, compare values
Questions to answer

Vlessages to deliver



But, IS there at least a guide
for visualization design®






Graphical Integrity
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If Bush tax cuts expire...

Top tax rate

0%  396%

Now Jan. 1, 2013

Flowing data



Bar Chart should have a zero-baseline.

Because you are comparing the lengths



Or comparing positions from the baseline.



Do we always need a zero-baseline”



NOT THE ZERO POINT.



Line Chart may not have a zero-baseline.

—

Because you are comparing the angle
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https://eagereyes.org/basics/banking-45-degrees



| Ine chart's aspect ratios can
matter 100.

A rule of thumb Is banking to 45 degrees
to minimize errors In visual judgments of slope ratios.



Comes down to the
message you want to deliver



JOB LOSS BY QUARTER :




JOB LOSS BY QUARTER
1




JOB LOSS BY QUARTER
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JOB LOSS BY QUARTER
1




The truth is...

unemployment rate not job loss!

SOURCE: Worst chart I've seen all day, Jocelyn Fong (2010)




what Is depicted In the previous one.
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Temperature Anomaly -- Annual Mean (°C)
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http://www.motherjones.com/kevin-drum/2012/01/lying-charts-global-warming-edition/
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Average Annual Global Temperature (°F) 1880-2015

Average Annual Global Temperature in Fahrenheit
1880-2015
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Average Annual Global Temperature in Fahrenheit
1880-2015




Same here...

World population from 10,000 BC to present

5,000,000,000,000

s=pPopulation




lell the Truth!

The representation of numbers, as physically
measured on the surtace of the grapnic itself,
should be directly proportional to the
numerical guantities measured.

— |Edward Tufte 83]



| 1e Factor



Size of effect shown in graphic
| le Factor = —mmmmmmmm8@™MmMm

Size of effect In data



Size of effect

Size of effect

where size of effect = percentage change

| first value — second valug |
N | first value |
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- - e . . — . . ———————— e —

1978 .\
.20 Fuel Economy Standards for Autos

9
.‘.‘:—""ar-"-:-..
m 22 Set by Congress and supplomenied by the Transporiahon

22 24 Department Inmles per galion

0 £ 5 S e IR TR L P 26

This line, representng 27.5 muales per

gallon m 1084, 15 £.3 nches long




This line, representing 18 miles per gallon
N 1978, 1s 0.6 Inches long
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This line, representing 18 miles per gallon
N 1978, 1s 0.6 Inches long
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gallon in 19385, Is 8.3 inches long



This line, representing 18 miles per gallon
N 1978, 1s 0.6 Inches long
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This chart uses radius of the
palloon to encode the data

Doubling the radius (or data)
INncreases the percelved area by four.

Lie factor = (4-1)/(2-1) = 3.




The size of the balloon should
be something like this.

SCHERING-FLOUGK

949,653,063




Avold Distortion!



Maximize Data-Ink Ratio



Data-Ink

Data-Ink Rato= —M8
lotal Ink used In graphic
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Employment costs™®
for a steelworker

per hour,

average of first
nine months



United States $23.99

West Germany $13.45

France $12.37

Japan $11.08

Britain  $9.32

South Korea  $2.39

Employment Costs for a Steelworker per Hour
Average of first 9 months of 1982 in U.S. Dollars

0 3) 10 15 20 25

| 1 1 | )

Stephen Few (2011)



Avold Chart Junks



Chart Junks = Unnecessary visual elements
N charts that distracts the
viewer from the information
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Are these chart jJunks”

MONSTROUS COSTS

Total House and Senate
campaign expenditures,
in millions

Employment costs*
for a steelworker

per hour,
average of first
nine months

*includes benefits
Source: World Steel Dynamics  \
TIME Chart by Nigel Holmes




Not all chart Junks are the same.



Useful chart junks®?

MONSTROUS COSTS
Total House and Senate campaign expenditures, in millions

MONSTROUS COSTS

Total House and Senate
campaign expenditures,
in millions

$300
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Source: Useful Junk? The Effects of Visual Embellishment on Comprehension and Memorability of Charts (CHI 2010)



Not harmful In comprenension
but more engaging & memorable

MONSTROUS COSTS
Total House and Senate campaign expenditures, in millions

MONSTROUS COSTS

Total House and Senate
campaign expenditures,
in millions
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“Ihe same Ink should often serve more than
one graphical purpose. A graphical element
may carry data information and also

perform a design function usually left to
non-data-ink.” — [Edward Tufte 83]



Contextual representation can be helpful



Ple Charts



Challenge:
-INd the biggest pie slice in each pie chart!

[Schutz 2007]



[Schutz 2007]




Share of Coverage by Topic on TechCrunch

Networks/Hosting Investor 1% _ PR 1% Cleantech 1%

1%
News 2%

Music 1%

Other 2%
Enterprise 2%

No Category 3%

Video 3%

Advertising 3%

Entertain

[http://www.storytellingwithdata.com/blog/2011/07/death-to-pie-charts]



http://www.storytellingwithdata.com/blog/2011/07/death-to-pie-charts

Share of Coverage by Topic on TechCrunch

Networks/Hosting Investor 1% _ PR 1% Cleantech 1%

1%
News 2%

Joo many slices!
Joo many colors!
Bad color contract!

Music 1%

Other 2%
Enterprise 2%

No Category 3%

Video 3%

Advertising 3%

Entertain

[http://www.storytellingwithdata.com/blog/2011/07/death-to-pie-charts]



http://www.storytellingwithdata.com/blog/2011/07/death-to-pie-charts

TechCrunch Coverage: 2005 - 2011
A slightly better pie?

Network/Hosting, 1% . Investor, 1% PR, 1% Cleantech, 1%




TechCrunch Coverage: 2005 - 2011
Bars are best!

General Consumer Web
Social Networks
Search

Mobile

Softward
Entertainment
Hardware
E-Commerce
Advertising
Video

No Category
Enterprise
Other

News

Music
Network/Hosting
Investor

PR

Cleantech
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GOP CANDIDATES
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World’s Most Accurate Pie Chart

¥ Pie | have eaten

I Pie | have not
yet eaten




Some rules of thumb

® You re comparing the parts to the whole.
¢ There's a small number of slices.

e Sort the values.

e Start at 12 o’clock.

e Use alternatives (e.q., bar chart)


https://eagereyes.org/pie-charts

Rainbow Colormap



The rainbow color map 1S based on the oraer
of colors In the the visible light spectrum.
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[http://factmyth.com/factoids/visible-light-is-electromagnetic-radiation/]



http://factmyth.com/factoids/visible-light-is-electromagnetic-radiation/

SANFORD AND SELNICK

Estimated fraction of precipitation
lost to evapotranspiration 1971-2000

0.0-0.09 B 05-059 | 1.0-1.09

. 101-0.19 I 06-069 I 1.1-1.19
B o2-020 N 07-079 [ 12- 129
B 03-03 | | 08-089

0.4-0.49 0.9-0.99

FIGURE 13. Estimated Mean Annual Ratio of Actual Evapotranspiration (ET) to Precipitation () for the Conterminous U.S. for the eriod
1971-2000. Estimates are based on the regression equation in Table 1 that includes land cover. Calculations of ET/P were made first at the
800-m resolution of the PRISM climate data. The mean values for the counties (shown) were then calculated by averaging the 800-m values
within each county. Areas with fractions >1 are agricultural counties that either import surface water or mme deep groundwater.



Can you say which color represents
a higher or lower value group?




| ack of perceptual ordering

Hue Luminance

0.0-0.09 B 05-059 | 1.0-1.09 0.0-0.09 [N 0.5-0.59 [ 1.0 - 1.09
P 0.1-0.19 N 0.6-0.69 [N 1.1-1.19 B 0.1-0.19 M 0.6 -0.69 N 1.1-1.19

0.8 -0.89
0.9 -0.99

0.8 -0.89
0.9 -0.99

How The Rainbow Color Map Misleads (Kosara 2013)


https://eagereyes.org/basics/rainbow-color-map

Example: How many low ESS regions found”?

ESS: Endothelial shear stress

1§
A,

)

VWores

Most Accufrate Pte<GRN

.. i
I 309% —> 71% )
10.2 sec/region —> 5.6 sec/region % o |

M. Borkin et al 2011]



Some rules of thumb

Qualitative (rainbow) scheme — categorical data.

Sequential scheme — ordered categories or numerical data

L.

Diverging scheme — numerical data with a meaningful mid-point.

[Color Brewer]


http://colorbrewer2.org/

3D charts



Perspective distorts information

2D I1s more accurate and efficient in identifying problematic regions.
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5.6 sec/region —> 2.4 sec/region

M. Borkin et al 2011]



Perspective distorts information

Blue pixels

fury.com ” Red pixels



Occlusion hides information

Can rotate, but still no picture at once.

Export von Bananen in Tonnen von 1994-2008
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Tilted text isn’t legible

"]

BYCK BYCK | FRONT| |

BOL LOW
FRONT

Exploring and Reducing the Effects of Orientation on Text Readability in Volumetric Displays (CHI 2007)



Depth judgment Is bad

Steven'’s Psychophysical Power Law: S= [N Actua\ intensity Change
VS
Perceived Sensation

AN

Perceived Sensation

Physical Intensity



—xternal cognition vs Internal cognition



Eyes pbeats memory

Harder to compare visible item to memory of what you saw

USA and Japan Fertility Over Time

1947

Total Fertility Rates

USA: 3.16

0.3

0.2

Japan: 4.57

Animation—
narration can help

10 20 30 40 50
- Age

http://www.randalolson.com/2015/08/23/small-multiples-vs-animated-qifs-for-showing-changes-in-fertility-rates-over-time/



http://www.randalolson.com/2015/08/23/small-multiples-vs-animated-gifs-for-showing-changes-in-fertility-rates-over-time/

Eyes beats memory

casy to compare by moving eyes
between side-by-side views

Small multiples— high data density

Births per woman

Fertility in USA and Japan,1947 - 2010

&l 1947 1948 1949 1950 1951 1952 1953 1954
' 3.02 3.02 3.2 3.3 3.37 3.49
4.36 3.67 3.28 2.99 2.1 2.5
0.2
0.1
R TR il (R VAR G- T TR TERR A | R TR ke | R ISR 1 | Tty TR Sl | SR TR L | TR Toa
A 1955 1956 1957 1958 1959 1960 1961 1962
' 3.54 3.74 3.69 3,69 3.67 3.63 3.48
2.38 2.06 2.13 2.06 2.01 1.96 1.97
0.2
0.1
Total fertility
e 1963 / 1964 1965 1966 1967 1968 1969 1970
j 3.35 3.22 2.93 2.71 2.56 2.47 2.46 2.46
2.0 2.12 213
0.2
0.1
ik 1971 1972 1973 1974 1975 1976 1977 1978
| 2.27 2.01 1.87 1.83 1.77 1.74 1.78 1.75
2.15 213 1.84 1.79 1.77
0.2
8 L L L
all 1979 1980 1981 1082 1983 1084 1985 1086
' 1.79 1.82 1.8 1.81 1.78 1.79 1.83 1.84
1.75 1.73 1.73 1.76 1.79 1.76 1.72

P»
>

0.3 1987 1988 1989 1990 1991 1992 1993 1994
| 1.87 1.92 2.0 2.07 2.06 2.04 2.02 2.0
1.69 1.66 1.58 1.54 1.54 1.51 1.46 1.51
0.2

Use external cognition over internal cognition




Tufte Principles Other considerations

e Graphical integrity ® Pie charts
® [he lie factor e Rainbow colormap
e Maximize data-ink ratio e 3D charts

o Avoid harmful chart jJunk ® Eyes beats memory



Subjective Dimensions

o Aesthetics: Attractive things are percelived as more useful.
o Style: Communicates brand, process, who the designer is.
e Playfulness: Encourages experimentation and exploration.

e \/ividness: Can make a visualization more memorable.



Subjective Dimensions

o Aesthetics: Attractive things are percelived as more usetul.
o Style: Communicates brand, process, who the designer is.

e Playfulness: Encourages experimentation and exploration.

‘ . = . .. ) a = ) ) ‘ . .. ‘ .. .. ‘ ) ‘

important If you want others to look at your chart!



Quality Signals by Identity Percentage of Comments by ldentity
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May 3, 2008

All of Inflation’s Little Parts

£ SIGN IN TO E-MAIL OR SAVE THIS FEEDBACK

Each month, the Bureau of Labor Statistics gathers 84,000 prices inabout  It’s among the statistics that the Federal Reserve considered when it cut
200 categories — like gasoline, bananas, dresses and garbage collection —  interest rates on Wednesday. The categories are weighted according to an

to form the Consumer Price Index, one measure of inflation.

An Average Consumer's Spending

Each shape below represents how much the average American spends in different categories.
Larger shapes make up a larger part of spending.

® zoomm :Q,zoomom

Food and beverages 15%

The high price of oil is a factor that
has made food prices rise quickly.

Miscellaneous 3%

Recreation 6%

Education/Communication 6% ——

Cellphones were added to the index
in 1997. Because the Consumer
Price Index can be slow to add new
goads, which are often cheaper, it
may overstate parts of inflation.

"Owner's equivalent rent”
(what homeowners would pay
if they were renting their
homes)

Housing 42%

In the C.P.l., home ownership costs track
rent prices more closely than housing
prices. This means inflation may have
been understated when home prices

were rising faster than rents.

Sources: Bureau of Labor Statistics; Michael Balzer, University of Konstanz (Germany)

-2 0

estimate of what the average American spends, as shown below.

Color shows change in prices from March 2007 to March 2008
e | I

| | | | p—
+2 +4 +6 +10 +20 +40%

Transportation 18%

Gas is 5.2 percent of spending
nationwide, but only 3.8
percent in the New York area.

Health care 6%

As a group, the elderly spend
about twice as much of their
budget on medical care.

f———— Apparel 4%

The ratio of spending on
women's clothes to that on
men’s clothes is about 2 to1.

Matthew Bloch, Shan Carter and Amanda Cox/The New York Times




Where is a red circle?

Graphical Perception



10 Mmin pbreak



