CSCI 4550/6550 Interactive Visualization

https://www.cs.rpi.edu/~cutler/classes/visualization/S24/

Lecture 2:
Visualization Design &
Memorable Chart Junk

Reminder: “Rules” for the course

e As class participation is 5% of your grade:
o Using laptops during class is strongly discouraged
o If you're using your laptop you need to participate twice
as much as everyone else because I'm going to assume
you’re doing something else.

e Use of laptops for reference during paper discussion is allowed

e Sitin a different seat, next to different people, each lecture
o Work with a different person for each in-class “worksheet”




Today

“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

o O O

O

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

Kodak

1 ) Get down on their
level

2 ) Use a plain
background

3 ) Use flash outdoors

»

7 ) Move it from the middle

e

10! Be a picture
director

Top Ten Tips

4 ) Move in close

5 | Take some
vertical pictures

8 ) Know your flash's range

L

9 | Watch the light




“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

r@ﬁh’;#@-

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

Suppose you
are making a
brochure and
must choose
a single image
to give your
customers the
best possible
impression.

Which view would
you choose?

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




Salience and significance of the features
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




R u I e Of T h | rd S http://en.wikipedia.org/wiki/Rule_of_thirds

» Place horizon at top or bottom line.
» Place subject on guide lines and intersection points
+ Avoid placing subject at center, avoid dividing picture in half

Today

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

e 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




Principles of Effective Website Design

« |Guiding the eye (position, color, contrast, size, |design elements)
* |Spacing, padding, white/lempty space, reduce cognitive load |

Navigation/orientation
Typography (font, size, color, paragraphs)

|Usability/standards/conventions, pe obvious,

“Don’t make users think”

|Consistency |

Alignment, polished, simplicity

Effective writing

- |Clarity, sharpness, contrast, lexaggeration

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

I Consistency and standards I

— Match real world: words, phrases and concepts familiar to the user,
real-world conventions, |natural and logical order, Foherency
Flexibility and efficiency of use: cater/tailor to both inexperienced and experienced users
— Know your user, user testing, listen to the user

|User control and freedom: fa clearly marked "emergency exit" to leave the unwanted, support

undo and redo

|Aesthetic and minimalist design] every extra unit of information competes with

and diminisheg| visibility of relevant information|
— System status: keep users informed
Recognize, diagnose, and recover from errors
— Error prevention: good error messages, eliminate error-prone conditions,
confirmation option
Help and documentation
— | Recognition rather than recall: jnformation/instructions should be visible
or easily retrievable

http://www.sylvantech.com/~talin/projects/ui_design.html  http://www.useit.com/papers/heuristic/heuristic_list.html




Today

e “Good” Design (30 min)
o Photography tips
o Principles of Effective Website Design

Principles of Good User Interface Design
o Examples of Good (Bad) Visualization Design

e 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)

e 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

42% 60%
o Sweetcorn G/eppers
49% ez .
Bacon \é 4‘ 4 . 56/9
N epperoni
26% T T
Spinac )

33%

Olives

Tomato

Pineapple (as a topping)
o,
61%
o,
Ham 65%
Mushrooms

Other items not depicted include: onions (62%). chicken (56%). beef (36%), chillies (31%).
jalapefios (30%), pork (25%), tuna (22%), anchovies (18%). 2% of people say they only like .
Margherita pizzas Worst pie chart ever?

You




How old are national flags?

This timeline
current n

national flag
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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 43 s
Men ]
Women 52 NS
White 33 S
Black (L L)
Hispanic 61 I -l
Ages 1829 51 O
3049 48 I
5064 36 EESE
65+ 37—
Postgrad 56 a1
College grad 48 NET—
Some college 38 NS
HSorless 41 IEESE—
Rep/Lean Rep o 84
Conserv 6 80
Mod/Lib 22 I
Dem/Lean Dem 73 Hr
Cons/Mod 65 24
Liberal 81 L . .
Unbiased reporting
Notes: Don't know responses not shown. Whites and blacks include only those who are not . .
Hapanic Haparice are of ay race. Good data-ink ratio

Source: Survey of U.S. adults conducted Jan. 8-13, 2020.
PEW RESEARCH CENTER




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

isagree + 49% Neutral | 57%

ong Agree/Agree 43%

0% 25% 50% 75%

Source C S Mott Chiaren's Hosptal Nationsl Poil on Chicren's Heath March 2007

Oversimplification?
Manipulative visualization?
Confusing / unnecessary colors/gradient

Homo sapiens Titanosaur Amphicoelias fragillimus
6ft 122f¢t 190ft

> :
0ft 25 50 15 100 125 150 175
&7 FIVETHIRTYEIGHT SOURCES: AMERICAN MUSEUM OF NATURAL HISTORY, KEN CARPENTER

Simple, intuitive, effective
Educational for all ages




Miami Heat - $129.6M

James
O Johnson .
J
Hassan Ryan
Andersor

Whiteside

[®)

Dion
Waiters

Toronto Raptors - $131.4M
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Golden State Warriors - $121.0M

Draymond
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Portland Trail Blazers - $126.0M
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Leonard
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Lillard

http://cahaber.me/#/basketball

Oklahoma City Thunder - $146.8M

Milwaukee Bucks - $107.4M
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Compare players
within team

Compare players
on different teams

Different team
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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)

Europe

1€ |8

North America

South America
Continet PE BO SR BR
Py oy
o
AR

Asia

o
Oceania

Africa

No|SE

o
W0 pL LT
R BE| oM Z 5K
PT ES LU|SI AT HU
1|8 oA s
ne

AR

nr

naloz|m e
MR GM SN ML NE SD
 sLer
i LR GH
CI NG CH D UG
ST a/ce BL
a0

n BW 70
NA SZ
zA

Wz
[ L

FI
3
w
BY,
A
)
8o
MK

RU
Kz mN
AM|GE|uz|KG CN KP
TR|SY|  AZ TH|TJ BT KR
Jo K| IR|PK AF BD MM
LB/SABH |IN NP
IL QA AE
YE on

[
3

Y
LK
n

SS ER DJ
7o BJ [ e7

KE

s¢
Kn

is [We
n

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 k)
M Medium river (100-500 km)
S Short river (10-100 k)

River status &
3

Free-flowing rivers

(CSI = 95% over entire Good connectivity status ,“"

length of river)

(CSI = 95% over parts of river)

Impacted (CSI < 95%)

No flow

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 p Your length of stay

have a 5% chance of = inthe hospitol
ﬁ

contracting an HAI mseélby
YT T e

‘11 people per yeor get peoplein the
' ' I on infection during 9 8 9 8 U.S. die cnnually
1 ] 7 I I I l O 0 hospitol stoy ) from HAIs

n || HAIs kill more people each year than
335 "¥ 9.4%

Breast Cancer and Prostate Cancer

A combined. HAls
on/yr
of total obetes 25387

npotient costs 69% = ;::‘I:;::e e

ore HAl-reloted 56,752
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Medicore or Medicoid

http://www3.gehealthcare.com/en/Products/Categories/Healthcare_|T/Quality_Management#tabs/tab1900328377C74CAC8AD7E8D4A2072591

Stereotypical Infographic

HEALTHY EATING PLATE

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

| 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.

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).
Choose fish, poultry, beans, and

nuts; limit red meat and cheese;

avoid bacon, cold cuts, and

other processed meats.

Eat plenty of fruits of all
colors.

(J
\k STAY ACTIVE!

©Harvard University

Harvard T.H. Chan School of Public Health Harvard Medical School it
The Nutrition Source Harvard Health Publications ?‘5;
k www.hsph.harvard.edu/nutritionsource www.health.harvard.edu

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
Y OCEAN

4
An Interactive Visualization!
(interactive data collection)




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

1925

Difference from
Average in °C 05 00 05 10

Visualization Challenge: very large datasets
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http://www.ptable.com/

Periodic Table of Elements
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For elements with no stable isotopes, the mass number of the isotope with the longest half-life is in parentheses.

Design and Interface Copyright © 1997 Michael Dayah (mi ccom). http://www.ptable.com/
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Edward Tufte says it "may
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Figurative Map of the successive losses in men of the French Army in the Russian campaign 1812-1813.
Charles Joseph Minard, 71869.

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 Jérbme
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 15 TIME. THE VERTICAL GROUPING OF THE
LINES INDICATES WHICH CHARACTERS ARE TOGETHER AT A GIVEN TIME.

oF THE RINGS

STAR WARS

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




Today

e “Good” Design (30 min)
o Photography tips
o Principles of Effective Website Design

Principles of Good User Interface Design
o Examples of Good (Bad) Visualization Design

e 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)

e Readings for Tuesday: Graph Drawing

(@)

Reading for Today

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

MONSTROUS COSTS MONSTROUS COSTS

Total House an d Senate Total House and Senate campaign expenditures, in millions

5300

1972 74 76 78 ‘80 ‘B2 est.

e Article discussed here:
http://eagereyes.org/criticism/chart-junk-considered-useful-after-all




What is “Chart Junk”? DIAMONDS WERE A GIRL'S BEST FRIEND

Average price of 3 one-carat D flantess

Extraneous elements in a chart
or visualization

Does not represent data
Data-to-ink ratio (aim to convey
more data with less ink)
According to Edward Tufte:

It's not just unnecessary,

it's harmful (distracting)
According to Nigel Holmes:
Visualization should

engage the reader’s interest Nigel Holmes

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

StUdy Des'Qn Mandryk, Gutwin, Genest, McDine, & Brooks, CHI 2010

Compare embellished charts to plain ones
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

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

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




Relatively small sample pool
— 10 tested with ~5 min recall

Sumof scores

— 10 tested with 2-3 week recall

Found no difference in time to read
& describe embellished vs.
non-embellished

Participants preferred the embellished
charts and found them more attractive

Sum of recall scores

Other
® Embellishment
W Data/Embellishment

W Data
eye
tracker

Percent

Holmes Standard data

Figure 9. Percentage of on-screen time spent looking at
different chart elements for Holmes and Plain charts.

Sumof Scores

20 B Holmes
= = Plain
=
i I '
0 T T )

subject categories trend
Figure 4. Means * SE for description scores.

H Holmes
I Plain
l
1
subject categories  trend subject categories  trend
long-term recall immediate recall

Figure 5. Means xS E for recall scores for long-term and

immediate recall.

6 B Holmes
4 I Plain
0
description  immediate long-term
recall recall

Figure 6. Means + SE for sum of value message scores.

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 was tightly coupled
with subject & details of chart

— Quote from Holmes: “I think [Tufte] missed the
point of much that | was trying to do: TIME
magazine charts were aimed at lay readers, not
unintelligent ones, but busy ones. | knew they‘d
get the point quicker if they were somehow
attracted to the graphic.”

What about charts from paper on last slide? What
was their point? How good is your recall? Will your
recall them in 2-3 weeks? Why didn’t the authors
use embellishment?
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Figure 10. Less extreme visual imagery in charts.




Today

e “Good” Design (30 min)
o Photography tips
o Principles of Effective Website Design

Principles of Good User Interface Design
o Examples of Good (Bad) Visualization Design

e 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)

e Graph Drawing Preview: Terminology & Goals (15 min)

e Readings for Tuesday: Graph Drawing

(@)

Pair Worksheet (~20 minutes)

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

* 1 worksheet per team of 2
— Sketch & brainstorm on the page

— (I'l'scan & upload to Submitty for your review)

* Use color! Be creative!




Homework 2: Time-Based Datasets

Team of 2

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

Use Microsoft Excel or Google Sheets or LibreOffice Calc

— 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 Thursday @ 11:59pm

And post two of the charts on the forum

Tools for Scraping Data from the Web

copy-paste

wget

grep / sed / awk / sort / uniq

Favorite programming language to parse/strip out
unnecessary html formatting

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

Python has lots of packages for parsing (e.g., json format)
Selenium for automated browsing of websites




Today

e “Good” Design (30 min)
o Photography tips
o Principles of Effective Website Design
Principles of Good User Interface Design
o Examples of Good (Bad) Visualization Design
e Today’s Reading (30 min): “Useful Junk? The Effects of Visual
Embellishment on Comprehension and Memorability of Charts”
e Worksheet: Time-based Data & Simple Charts (20 min)
Graph Drawing Preview: Terminology & Goals (15 min)
e Readings for Tuesday: Graph Drawing

(@)

Graph Terminology |

Directed vs. Undirected Edges
Tree (no cycles) vs. Graph (cycles allowed)
o Cycle: A path along edges through the graph starting
& ending at the same vertex.

o Cycle Variants: closed walk, simple cycle, directed cycle, ...
e Valence (a.k.a. Degree) of a Vertex:

# of edges incident on the vertex
e Regular: Each vertex has same valence,
a 3-regular graph is also called cubic




Graph Terminology |l

Polygon: 2D flat or on a sphere, with straight or great circle edges
Polyhedron: 3D solid formed by flat faces
e Polytope: flat sides in any dimension

e 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.

e Cligue — subset of vertices in an undirected graph with an edge
connecting every pair of vertices in the subset.
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Graph Terminology IlI

e Upward Drawing (of a tree) — no child is drawn with vertically above
(higher y value than) its parent.

e Plane Graph — A 2D drawing of the graph where no edges cross
(touching at the endpoint vertices they share is ok)

e 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 ffaces, we haven-m +f= 2.







Graph Drawing Goals

Automated!

Can read all of the labels

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

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)

Automated GraphViz layout from Justin J. (from Spring ‘12)




Graph Drawing Questions

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

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?

o Does it lose effectiveness in meeting our goals?

o How is the running time affected?

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

Today

“Good” Design (30 min)

Photography tips

Principles of Effective Website Design

Principles of Good User Interface Design

o 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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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.




