Visualization Desigh &
Memorable Chart Junk



Announcements

e Lecture videos will be posted to the YouTube
playlist listed on the course page

* Slides will be available before lecture

* Paper discussions will require A/V if possible.

* My contact info will soon be updated on the
course site




Today

e “Good” Design (30 min)
— Photography tips
— Principles of Effective Website Design
— Principles of Good User Interface Design
— Examples of Good (Bad) Visualization Design

Today’s Readings
Worksheet: Time-based Data & Simple Charts (20 min)
Graph Drawing Preview: Terminology & Goals (15 min)

Readings for Tuesday: Graph Drawing



) www.kodak.com/global/en/corp/top10tips/index.jhtml

Kodak Top Ten Tips

2 | Use a plain
background 4 ) Move in close

Get down on their

level _
5 | Take some

vertical pictures

7 ) Move it from the middle

o

9 | Watch the light

10! Be a picture
director

Tips & Projects Center p
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“Canonical” Viewpoints

* From Dictionary.com:
— authorized; recognized; accepted

— the body of rules, principles, or standards accepted as
axiomatic and universally binding in a field of study or
art: the neoclassical canon

— a fundamental principle or general rule: the canons of
good behavior

— a standard; criterion: the canons of taste

“What object attributes determine canonical views?” Blanz, Tarr, & Bulthoff, Perception 1999



Suppose you were making a brochure and you tried to give your
customers the best possible impression of the objects shown on the
static page. Which views would you choose?
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“What object ttributes determine canoniﬁal views?” Bl’anz, Tarr, & Bulthoff, Perception 1999



e Salience and significance of the features

e Stability of viewpoint to small transformations
* Minimize number of occluded features

* Familiarity, Functionality, Aesthetic criteria

“What object attributes determine canonical views?” Blanz, Tarr, & Bulthoff, Perception 1999






Rule of Thirds

http://en.wikipedia.org/wiki/Rule_of thirds
— align subject with guide lines and intersection points,
discourage placement of the subject at the center

— placing the horizon on the top or bottom line,
avoid dividing picture in half

without



Today

e “Good” Design (30 min)
— Photography tips
— Principles of Effective Website Design
— Principles of Good User Interface Design
— Examples of Good (Bad) Visualization Design

Today’s Readings (30 min)
Worksheet: Time-based Data & Simple Charts (20 min)
Graph Drawing Preview: Terminology & Goals (15 min)

Readings for Tuesday: Graph Drawing



Principles of Effective Website Design

Guiding the eye (position, color, contrast, size jdesign elements)
Spacing, padding, white/empty space, reduce cognitive loac

Navigation/orientation

Typography (font, size, color, paragraphs)

Usability/standards/conventionsf be obvious,

Don’t make users thin

:

* Alignment, polished, simplicity

* Effective writing
* §Clarity, sharpness, contrast Jexaggeration

http://psd.tutsplus.com/tutorials/designing-tutorials/9-essential-principles-for-good-web-design/
http://uxdesign.smashingmagazine.com/2008/01/31/10-principles-of-effective-web-design/



Principles of Good User Interface Design

WEEYNEr Siake aids, phrases and concepts familiar to the user,
real-world conventions oherency
Flexibility and efficiency of u%mrienced and experienced users

— Know your user, user testing, listen to the user

. W clearly marked "emergency exit" to leave the unwanted,

Aesthetic and minimalist design: Bvery extra unit of information competes with

—  System status:
* Recognize, diagnose, and recover from errors
— Error prevention: good error messages, eliminate error-prone conditions,
confirmation option
Help and documentation

— [Recognition rather than recall:fnformation/instructions should be visible

\J C \ VAN

http://www.sylvantech.com/~talin/projects/ui_design.html

http://www.useit.com/papers/heuristic/heuristic_list.html



Today

e “Good” Design (30 min)
— Photography tips
— Principles of Effective Website Design
— Principles of Good User Interface Design
— Examples of Good (Bad) Visualization Design

Today’s Reading (30 min): “Useful Junk? The Effects of Visual
Embellishment on Comprehension and Memorability of Charts”

Worksheet: Time-based Data & Simple Charts (20 min)
Graph Drawing Preview: Terminology & Goals (15 min)

Readings for Tuesday: Graph Drawing



Mushroom is the UK's most liked pizza topping

Generally speaking, which of the following toppings do you like on a pizza? Select as
many as you like

60%
Peppers

42%

Sweetcorn
49%
Bacon

56%

Pepperoni

33%

Olives

51%
Tomato
(as a topping)

42%
Pineapple

61%

Ham 65%
Mushrooms

Worst pie chart ever?
Other items not depicted include: onions (62%), chicken (56%), beef (36%). chillies (31%).

jalapenos (30%), pork (25%), tuna (22%), anchovies (18%). 2% of people say they only like
Margherita pizzas

YouGoV | yougov.cc



How old are national flags?
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Excellent use-case
For on-chart imagery




Wide partisan, demographic differences in views of
U.S. decision to conduct airstrike that killed Soleimani

% who say U.S. decision to conduct the airstrike that killed Iranian Gen.
Soleimani was the ...

Right decision

Total

=
3
g "¢ &

White
Black
Hispanic

-~
o =
-

Ages 18-29
3049
5064

65+

o
-

gy ®

Postgrad 56
College grad 48
Some college 38

HS or less 41

Rep/Lean Rep 11
Conserv 6
Mod/Lib

Dem/Lean Dem 73
Cons/Mod 65

Liberal 81

Unbiased reporting
Good data-ink ratio

Notes: Don't know responses not shown. Whites and blacks include only those who are not
Hispanic; Hispanics are of any race.
Source: Survey of U.S. adults conducted Jan. 813, 2020




Figure 2. Parent Response to
“New vaccines are safe for my child(ren).”

] 1

jree/Disagree + 49% Neutral | 57%

43% Strongly Agree/Agree 43%

0% 25% 50% 75%

Source C S Mott Chicren's Hosptal Nationsl Poll on Chicren s Heath Mearch 2007

Over-simplication?
Manipulative visualization?
Confusing / unneccessary colors/gradient




Homo sapiens Titanosaur Amphicoelias fragillimus
6ft 122ft 190ft

- ;
0ft 29 50 15 100 125 150 175
&7 FIVETHIRTYEIGHT SOURCES: AMERICAN MUSEUM OF NATURAL HISTORY, KEN CARPENTER

Simple, intuitive, effective
Educational for all ages



CoseY) or 18-19 1900 '20-21  '21-22  '22-23  '23-24

Miami Heat - $129.6M Golden State Warriors - $121.0M Oklahoma City Thunder - $146.8M

'0” (=)
e
& =y

Toronto Raptors - $131.4M Portland Trail Blazers - $126.0M Milwaukee Bucks - $107.4M

. Compare players within team
http://cahaber.me/#/basketball Compare players on different teams

Different team choices/strategies

Draymond
Green




National Barley
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Effective non-pie shaped
pie chart!



Global student to teacher ratios in primary education

Latest reported student to teacher ratio per country and continent (2012-2018)

Worldwide average:
’ % 235 students per teacher NO SE FI
Europe s d EE
DK Lv
IE | GB NL | DE PL|LT BY RU
FR BE.CH CZ SK|UA|MD KZ MN
PT ES LU.SI AT HU RO AM GE UZ KG CN.KP
IT.HR BA’RS BG TR SY AZ‘TH‘TJ‘BT KR
MT ME HKvJO KW IR PK AF BDVHH
South AmerlCG S AL GR FLB SA‘BH ‘IN‘NP‘ ‘LA
CY|IL QA AE TH | KH
Continental average | MA DZ TN EG| | YE OM My
MR GM SN ML NE|sD| BN

Asia C 3 i DJ SG:B
6N LR oH T BJ [l 7 L

cv  |cx|nG|cH cp UG Ke mH
ST ca|cc BI RW 12 PW FH
Ao [ilnz sc PG NR|KI
ZM BW ZW KM sB TV ws|
NA/sZ/Ls MG vu FJ 0|

Africa N

North America

Oceania The Central African Rej

the most student:

Countries

Visualization by Cédric Scherer | Data: "eAtlas of Teachers” by UNESCO

Are all datasets relevant
to plot on a world map?



VL Very long river (>1,000 km)
L Long river (500-1,000 km)
M Medium river (100-500 km)
S Short river (10-100 km)

River status

Free-flowing rivers
(CSI = 95% over entire
length of river)

A

Good connectivity status
(CSI = 95% over parts of river) Impacted (CSI < 95%) No flow

EEOS @poED

Allows us to clearly see significant variations in distributions of rivers
AND use (overuse?) of technology to control nature



If you are admitted to a hospital, you m Your length of stay
v

+
= have a 5% chance of D I in the hospital

-1 contracting an HAI increases by
-------- 17.6 days

o SEEEEEEN 00 teteteteetbreneens
1.7 million 555 LRSI Y Atcre

HAIs kill more people each year than
$35 m e

Breast Cancer and Prostate Cancer
mpotient Costs

if you get an HAI

combined.

69%

$1,100 6
per admission offect people with
Medicore or Medicoid

ore HAl-reloted

More than % of HAls

http://www3.gehealthcare.com/en/Products/Categories/Healthcare_IT/Quality
_Management#ttabs/tab1900328377C74CAC8AD7E8D4A2072591

Stereotypical Infographic



HEALTHY EATING PLATE

Drink water, tea, or coffee
(with little or no sugar).
Limit milk/dairy

(1-2 servings/day) and
juice (1 small glass/day).
Avoid sugary drinks.

Use healthy oils (like
olive and canola oil)
for cooking, on salad,
and at the table. Limit
butter. Avoid trans fat.

The more veggies -
and the greater the
variety — the better.
Potatoes and French fries
don’t count.

Eat a variety of whole grains
(like whole-wheat bread,
whole-grain pasta, and
brown rice). Limit refined
HEALTHY grains (like white rice
PROTEIN and white bread).

Eat plenty of fruits of all
colors.

@
& STAY ACTIVE!

© Harvard University

Choose fish, poultry, beans, and
nuts; limit red meat and cheese;
avoid bacon, cold cuts, and
other processed meats.

\o ¥/ The Nutrition Source Harvard Health Publications

TEE=] Harvard T.H. Chan School of Public Health Harvard Medical School
&Y

\V. 9% www.hsph.harvard.edu/nutritionsource www.health.harvard.edu

\_ J
https://cdn1.sph.harvard.edu/wp-content/uploads/sites/30/2012/09/HEPJan2015.jpg

Vast improvement on original food pyramid



Scientific Visualization (SciVis)

— really large quantities of data

— data usually has inherent structure

— often has a spatial and/or temporal component (coordinate system)

— often appropriate to use of 3D visualization techniques

— such as medical, hurricane, computational fluid dynamics (CFD) data
Information Visualization (InfoVis)

— smaller datasets

— data that does not have an inherent structure (may not have coordinate system)

— financial stock market data, demographic census data, genetic data, etc.
Visual Analytics

— involves a cycle of rapidly creating visualizations to answer questions and
generate new questions about a dataset

Infographics are typically in the realm of InfoVis, and often they show the results of the
visual analytics process, but SciVis is not really a part of most infographics.

Annual IEEE Visualization and IEEE InfoVis (Information Visualization) conferences are
two separate entities. The set of people organizing, attending and involved one
conference is almost disjoint from the other set.

http://blog.visual.ly/the-beautiful-world-of-scivis/
https://visualizeit.wordpress.com/2007/06/07/the-great-infovis-and-scivis-divide/



NORTH ATLANTIC
OCEAN

SOUTH ATLANTIC
OCEAN

An Interactive Visualization!
(interactive data collection)




Average World Temperature Since 1850
20th century average 13.7°C, Data HadCRUT4

1925 1940

Difference from _

Average in °C 05 00 05 1.0

Visualization Challenge: very large datasets




Radiation Dose Chart

This is @ chart of the ionizing radiation dose a person can absorb from various sources. The unit for absorbed dose is “sievert” (Sv), and measures the effect a dose of radiation
will have on the cells of the body. One sievert (all at once) will make you sick, and too many more will kill you, but we safely absorb small amounts of natural radiation daily.
Note: The same number of sieverts absorbed in a shorter time will generally cause more damage, but your cumulative long-term dose plays a big role in things like cancer risk.

m Sleeping next to someone (8.85 uSv)

@ Living within 5@ miles of a nuclear
B power plant for a year (8.89 uSv)

8 Eating one banana (8.1 pSv)

Living within 58 miles of a coal
BEE power plant for a year (8.3 uSv)

Arm X-ray
(1 psv)

Using a CRT monitor
for a year {1 uSv)

Extra dose from spending one day in
an area with higher-than-average
natural background radiation, such
as the Colorado plateau (1.2 pSv)

Dental x-ray (5 pSv)

Background dose received
by an average person over
one normal day (18 pSv)

Airplane flight from New York to LA (48 uSv)
o

/

Using a cell phone (@ pSv)-a cell phone’s transmitter does

not produce ionizing radiation® and does not cause cancer.
* Unless it's a bananaphone.

B == (8.05 pSv)

EPA yearly release target for
a nuclear power plant (38 pSv)

B Chest x-ray (20 uSv) Bo

-} All the doses in the blue

B8 chart combined (~68 uSv)
Dose from spending an
hour on the grounds at
the Chernobyl plant in
2018 (6 mSv in one spot,
but varies wildly)

@ Extra dose to Tokyo in weeks following
B Fukushima accident (48 pSv)

me Living in a stone, brick, or concrete
B8 puilding for a year (78 uSv

Average total dose from the Three
Mile Island accident to someone
living within 18 miles (80 uSv)

Approximate total dose received at
Fukushima Town Hall over two weeks
following accident (188 uSv)

] E?:‘-{e?;‘[yarﬁbz?zgr Maxinum yearly dose permitted for US radiation workers (58 mSv)

power plant (258 uSv) 1=}

Yearly dose from
natural potassium in
8888 the body (398 pSv)

EPA yearly limit on
radiation exposure
to a single member
of the public

(1 mSv=1,000 uSv)

Typical dose over
two weeks in Fuku-
shina Exclusion

far higher doses)

Normal yearly background
dose. About 85% is from
natural sources. Nearly
all of the rest is from
medical scans (~4 mSv)

-
Radiation worker B
one-year dose
limit (58 mSv) §
Approximate total dose at All doses in Lowest one-year dose
one station at the north- reen chart clearly linked to
west edge of the Fukushima onbined increased cancer
exclusion zone (48 mSv) (~75 mSv) risk (1088 nSv)
Dose received by two Fukushima Dose causing symptons of
plant workers (~188 mSv) radiation poisoning if
received in a short time
EPA guidelines for emergency (408 mSv, but varies)
situations, provided to
ensure quick decision-making: P
— Severe radiation
=o{s Dose Limit for emergency Bm poisoning, in
workers protecting valuable some cases fatal
property (188 nSv) §§ (2008 mSv, 2 Sv)
Ten minutes next to the DOOoooooog 3 2
Chernoby| reactor core after §§§§§§E§§§ ﬁ D”ﬁohlgii Eﬁﬂ??iégs?ﬁﬁ 8 Usually fatal radiati
explosion and meltdown (58 Sv \ 3 sually fatal radiation
B ¢ ) BB8GaGAEES \ operations (250 mSv) poisoning. Survival occa-
Sty - sionally possible with
5 2 3 5 Fatal dose, even with treatment (8 Sv) prompt treatment (4 Sv)
P g g (2
itz html
o ion./d
o SR
http://mitnse.com/
p: b /ROF. pter_s.paf
p: dels/rpt_bri _finalpdf
P edu, i
http://en.wikipedia.org/wiki/ Sievert
P i Yl-pripys
p: Y ing: iti html
P -1 i 03/18/1303727-1716.pd¢ it
http://radiology.rsna.org/ content /248/1/254 L. )

Chart by Randall Munroe, with help from Ellen, Senior Reactor Operator at the Reed Research Reactor, who suggested the idea und_provided a lot of the sources. I’m sure I’ve added in

lots of mistakes; it’s for general education only. If you’re basing radiation safety procedures on an internet PNG image and things go wrong, you have no one to blame but yourself.

https://xkcd.com/radiation/

Visualization Challenge:
representing different scales



Periodic Table of Elements
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chemical elements us states

Ak Az
Ct De
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lchicanaspice

this information is so satisfying but idk what to do with
it



) - fr . b = 7 7- ’ T ? "4 .
(‘(1, ,(' (F{(]Ill Hll()(" .\c.s,pce!.-a Successioes enBommes e Qcwée c*mnu"ui.‘c. 2anis fa Campagne de € "\lelc 1812 -1813.

Dicasée pac e b .,"Ziﬂudb), ..'-wrcdau. L;.:nc'm( s Poutd 1w Chanasior en teleaite e
2SS AT S e ==dF Saves, (e fa-.)?m’ﬂnlzr: 7(96:9,
$e0 wonibers 3Fomnes presels dowi- tepresidés pac !».Lu?mu Zs gones colocles i saivon 3w willimatiee powe diac swille. Bomnes ; ils som— e s corld em. Leavots . MOSCOU
. %
*
Baws Les e NN (7.'{(1‘.‘, .&c’:‘:;/lll‘, de c';;'&vlddt'! de. ('V)dmﬁny/ ate t(ulna! snediede Jacols, F‘a.ummm de Ftomie Seprems fe 28 Octobee
?.Poq - {W: Juar’l w Loal la Dimiscnition de 1'.unu.r ,J'-n "uryok’ qne beo cotp n ‘L:«a Jecomeerdn Mazichal Daveuss— v doaiow. W dtackis swe < Mimsk
¢ (! b p

3
o NMbilow i Ceacha o Wikebsk., aomiow.- torjensd wiarchi- avee Lasmce . Chjat | E

- ¥ . 0 v . e v %,
Aes }c-c.‘. Se :4-3:. &J;ﬂu.tc\’ | p—— e endiowi o o ’{u-wu. $ t( WO COMT- e oM Sottiml—: Lo Lemsdh ondd gue omi—Jeton & dresnet L\ cacle om- el purded a
B\

&

§

0

b S Wilnat

-
:
FTe.

Folotrk

\

*
A

el b
4004

j§ £ 3 B {
| “4‘2 < - 2 \ Lower communae de Frone (Gote b X' de Ktvasos )
[ {1 3 S —r— —,
| % J
| Stliomphu: S /
~ | P (
3 ’ ) B | Mokslow
“ / Winsrk \ \
” / Mk
= = — -
\ TABLEAU CRAPHIQUE dela températute en degics dy thermamétre de R éaunmr au dessous g zéro.
i ! , iy e : : mz&umn‘
‘; Zes Covagues pasrnt s gl ‘ e | = I e Fiuie 24 8 .
o Nebovorse. grole’ e — 8 o8 9. 1"
| y 20" Je 28 8 el T 0
: 20 e —20.1c 14 &' "
| — 267k ;;:'m_"‘“’"""";"" s'x:’:!:‘r’ A = 7 -

Aoy por Ragum, 1 Pae. I Neria 5 0% d Paris

Edward Tufte says it "may well be the best statistical graphic ever drawn"

Figurative Map of the successive losses in men of the French Army in the Russian campaign 1812-1813.
Charles Joseph Minard, 1869.

The numbers of men present are represented by the widths of the colored zones at a rate of one millimeter for every ten thousand men;
they are further written across the zones. The red designates the men who enter Russia, the black those who leave it. — The information
which has served to draw up the map has been extracted from the works of M.M. Thiers, de Ségur, de Fezensac, de Chambray and the
unpublished diary of Jacob, the pharmacist of the Army since October 28th.

In order to better judge with the eye the diminution of the army, | have assumed that the troops of Prince Jéréme and of Marshal Davout,
who had been detached at Minsk and Mogilev and have rejoined near Orsha and Vitebsk, had always marched with the army.




THESE CHARTS SHOW MOVIE CHARACTER INTERACTIONS.
THE HORIZONTAL AXIS 1S TIME. THE VERTICAL GROUPING OF THE
LINES INDICATES WHICH CHARACTERS ARE TOGETHER AT A GIVEN TIME.

; / g SV

e —— o Vi)

S F— Gmm.; MPRISONED ! e 2yne ] .
P 3 f

el | S 7/

STAR WARS
“‘”\ (ORIGINAL TRILOGY)

———_EIARESQED @

[

Uy

s

"i

http://imgs.xkcd.com/comics/movie_narrative_charts_large.png




Today

e “Good” Design (30 min)
* Today’s Readings:
— How To

— “Eenie, Meenie, Minie, Moe: Selecting the Right Graph for
Your Message”, Stephen Few, Intelligent Enterprise, 2004”

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

Worksheet: Time-based Data & Simple Charts (20 min)
Graph Drawing Preview: Terminology & Goals (15 min)

Readings for Tuesday: Graph Drawing



Today

e “Good” Design (30 min)
* Today’s Readings:
— How To

— “Eenie, Meenie, Minie, Moe: Selecting the Right Graph for
Your Message”, Stephen Few, Intelligent Enterprise, 2004”

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

 Worksheet: Time-based Data & Simple Charts (20 min)
Graph Drawing Preview: Terminology & Goals (15 min)

Readings for Tuesday: Graph Drawing



Today

e “Good” Design (30 min)
* Today’s Readings:
— How To

— “Eenie, Meenie, Minie, Moe: Selecting the Right Graph for
Your Message”, Stephen Few, Intelligent Enterprise, 2004”

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

 Worksheet: Time-based Data & Simple Charts (20 min)
Graph Drawing Preview: Terminology & Goals (15 min)

Readings for Tuesday: Graph Drawing



"Eenie, Meenie, Minie, Moe: Selecting the Right Graph for
Your Message”, Stephen Few, Intelligent Enterprise, 2004

Learn conventions/patterns, applies to almost all
business data (not necessarily all scientific data)
Avoid viewer confusion / mis-information
Definition: Categorical vs. quantitative
Definition: Nominal (order free),

ordinal (ordered), interval (e.g. histogram)
Available visual attributes for encoding data:
location, size, shape, orientation, color

choose wisely!!



Type/Description

Encoding Methods

Example

Nominal Comparison
A simple comparison of
the categorical
subdivisions of one or
more measures in no
particular order

e Bars only (horizontal or vertical)

Q12003 Calls by Region
6,000

5,000

4,000

3,000

2,000

1,000

North East South West

Time Series

Multiple instances of one
or more measures taken at
equidistant points in time

e Lines to emphasize overall pattern
e Bars to emphasize individual values

e Points connected by lines to slightly
emphasize individual values while
still highlighting the overall pattern

e Always place time on the horizontal
axis

2003 Sales
4,000

3,500
3,000
2,500

2,000

1,500

1,000
500 |

0 1
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Ranking

Categorical subdivisions of
a measure ordered by size
(either descending or
ascending)

e Bars only (horizontal or vertical)

e To highlight high values, sort in
descending order

e To highlight low values, sort in
ascending order

Headcount
Manufacturing I
Sales NG
Engineering [N
Operations [N
Finance [N
Info Systems [N
Legal [N
Marketing Il

0 50 100 150 200 250

Part-to-Whole

Measures of individual
categorical subdivisions as
ratios to the whole

e Bars only (horizontal or vertical)

e Use stacked bars only when you
must display measures of the whole
as well as the parts

| % of Total Exp
35%

30%
25%
20%
15%
10%

5%

0%

West

East North South

"Eenie, Meenie,
Minie, Moe:
Selecting the

Right Graph for

Your Message”,
Stephen Few,

Intelligent
Enterprise,
2004



Deviation

Categorical subdivisions of
a measure compared to a
reference measure,
expressed as the
differences between them

Lines to emphasize the overall
pattern only when displaying
deviation and time-series
relationships together

Points connected by lines to slightly
emphasize individual data points
while also highlighting the overall
pattern when displaying deviation
and time-series relationships
together

Bars to emphasize individual
values, but limit to vertical bars
when a time-series relationship is
included

Always include a reference line to
compare the measures of deviation
against

+10

+5

Actual to Plan Variance

Sales Marketing  Systems HR

Finance

Frequency Distribution
Counts of something per
categorical subdivisions
(intervals) of a quantitative
range

Vertical bars to emphasize
individual values (called a
histogram)

Lines to emphasize the overall
pattern (called a frequency polygon)

6,000

5,000

4,000

3,000 -

2,000

1,000 -

Order Count by Order Size

< $10 >= $10 >= $20 >= $30 >= 540
& &
< $20 <$30 <$40 < sso

Correlation

Comparisons of two paired
sets of measures to
determine if as one set
goes up the other set goes
either up or down in a
corresponding manner,
and if so, how strongly

Points and a trend line in the form of
a scatter plot

Bars may be used, arranged as a
paired bar graph or a correlation bar
graph, if scatter plots are unfamiliar

(Note: For descriptions of these
graphs, see my book Show Me the
Numbers.)

75
70

65

0

Correlation of Employee Heights and Salaries

20,000 40,000 60,000 80,000

100,000

"Eenie, Meenie,
Minie, Moe:
Selecting the

Right Graph for

Your Message”,
Stephen Few,

Intelligent
Enterprise,
2004



Reading for Today

e “Useful Junk? The Effects of Visual Embellishment on
Comprehension and Memorability of Charts”
Bateman et al., CHI 2010.

MONSTROUS COSTS
Total House and Senate campaign expenditures, in millions
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e Article discussed here:
http://eagereyes.org/criticism/chart-junk-considered-useful-after-all



DIAMONDS WERE A GIRL'S BEST FRIEND
Average price of 3 one-carat D flawless /4

What is “Chart Junk”?

e Extraneous elements in a
chart or visualization

* Does not represent data Lo

e Data-to-ink ratio (aim to o e W
convey more data with less ink) Nigel Holmes

e According to Edward Tufte:
It’s not just unnecessary, it’s harmful (distracting)

e According to Nigel Holmes:
Visualization should engage the reader’s interest



“Useful Junk? The Effects of Visual Embellishment on
St u d DeS | n Comprehension and Memorability of Charts” Bateman,
y g Mandryk, Gutwin, Genest, McDine, & Brooks, CHI 2010

e Compare embellished charts to plain ones
e Measured:

— interpretation accuracy
was no worse for embellished charts

— long-term recall (2-3 weeks later)
was better for embellished charts,
topic & details of the chart were more memorable

e Prior work:

— Higher data-to-ink => faster response & greater accuracy
[Gilan & Richman]

— Other work shows a somewhat weak correlation between
data-to-ink and interpretability or aesthetics

e Author’s caution:
— Not an endorsement of chart junk
— Embellishments can lead to bias!



* Relatively small sample pool
— 10 tested with ~5 min recall ) o
— 10 tested with 2-3 week recall . . = Pl
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different chart elements for Holmes and Plain charts.



* Viewing time was unlimited for this study

— Participants ended up spending the ~“same amount
of time on embellished vs. non-embellished

— Effect of limiting time not measured

* Chart junk for these examples NUMBER OF DRINKS CONSUMED IN MANHATTAN
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Figure 10. Less extreme visual imagery in charts.
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Homework Assignment 2:
Time-Based Datasets

e Teamof2or3
* Obtain an interesting time-based dataset
— Should be collectable* from online sources, and
— Require a modest effort to prepare*
* = you’ll submit your scripts/code to document
e Use Excel or Google Sheets
— Create a variety (one of each?!) of the charts following
the guidelines from "Eenie, Meenie, Minie, Moe:
Selecting the Right Graph for Your Message”
— Excellent labels and captions for each.
* Upload your assignment to Submitty by 11:59pm on
Thursday. And post one of the images on the forum...



Pair Worksheet (~20 minutes)

* Meet new people
— Work with someone you did not know
before this class
— Work with a different partner every time

e 1 worksheet per team of 3
— Sketch & brainstorm on the page
— Submit on Submitty

e Use color! Be creative!



Tools for scraping data from the web

* copy-paste

* wget

e grep/sed/awk/sort/ uniq

* Favorite programming language to parse/strip out
unnecessary html formatting

e Save as .csv (comma separated value) files to upload to
Excel / Google Sheets

* Python has lots of packages for parsing (e.g., json format)

e Selenium for automated browsing of websites



Today

e “Good” Design (30 min)
— Photography tips
— Principles of Effective Website Design
— Principles of Good User Interface Design
— Examples of Good (Bad) Visualization Design

Today’s Reading (30 min): “Useful Junk? The Effects of Visual
Embellishment on Comprehension and Memorability of Charts”

Worksheet: Time-based Data & Simple Charts (20 min)
Graph Drawing Preview: Terminology & Goals (15 min)

Readings for Tuesday: Graph Drawing
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Justin J. (from Spring ‘12)



Graph Terminology |

* Directed / Undirected Edges
* Tree (no cycles) vs. Graph (cycles allowed)

— Cycle: A path along edges through the
graph where only starting & ending vertices
are repeated.

— Walk: A sequence of vertices and edges
* closed walk, simple cycle, directed cycle,

* Valence (a.k.a. Degree) of a Vertex:
# of edges incident on the vertex

* Regular: Each vertex has same valence,
a 3-regular graph is also called cubic



|OGraphica http://iographica.com



Graph Terminology Il

* Polygon: 2D flat or on a sphere, with straight or
great circle edges

* Polyhedron: 3D solid formed by flat faces
* Polytope: flat sides in any dimension

* Bipartite: vertices can be split into two groups,
A & B. No edge connects a vertex in A to
another vertex in A. Same for B.

* Clique — subset of vertices in an undirected graph
with an edge connecting every pair of vertices in
the subset.
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Stefaner, Moritz. "Citation Patterns." Wellformed Eigenfactor. N.p., 2008. Web.



Graph Terminology Il

 Upward Drawing (of a tree) — no child is drawn

with vertically above (higher y value than) its
parent.

* Plane Graph — A 2D drawing of the graph where

no edges cross (touching at the endpoint vertices
they share is ok)

* Planar Graph — A graph for which a Plane Graph
exists.

e Euler’s Theorem for planar graphs:

For a plane graph with n vertices, m edges
and f faces, we haven —m+ f=2.



Benjamin B. (from Spring ‘12)



Graph Drawing Goals

* Automated!

* Can read all of the labels

* Can follow the line and see exactly which 2 vertices it connects
* Aesthetically pleasing

e Layout should display as much symmetry as possible

* Crossing free or minimal-crossing layout

» All edge lengths are approximately equal

* Even vertex distribution

* Distance between nodes in final layout should be as close as

possible to “graph distance” (# of edges on shortest path between
those nodes)



invertebrates

chiroptera
proboscids

rodents
agamorpns

cetoceans

pinnipeds

monotremes

edemofeg evor-iond urgiiles

Insecuvores

marsupids sirenia  primates




Graph Drawing Questions

 What is the metric of success for each of our goals?

e Can we guarantee to find a solution? The optimal or
best solution?

* Can we use randomness? Does it help?

* How expensive/slow are the different algorithms to
draw graphs?

* How does it scale with more nodes/edges?
— Does it lose effectiveness in meeting our goals?
— How is the running time affected?

 How do we label the nodes/edges with
color/words/images?



Today

e “Good” Design (30 min)
— Photography tips
— Principles of Effective Website Design
— Principles of Good User Interface Design
— Examples of Good (Bad) Visualization Design

Today’s Reading (30 min): “Useful Junk? The Effects of Visual
Embellishment on Comprehension and Memorability of Charts”

Worksheet: Time-based Data & Simple Charts (20 min)
Graph Drawing Preview: Terminology & Goals (15 min)

Readings for Tuesday: Graph Drawing



Reading for Tuesday (pick one)

“Improved force-directed layouts”, Gansner and
North, Graph Drawing, 1999.
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Reading for
Tuesday (pick one)

“A Technique for
Drawing Directed
Graphs” Gansner,
Koutsofios, North, &
Vo, IEEE Trans. on
Software Engineering,
1993.
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