CSE 442 - Data Visualization

Interaction

Jane Hoffswell



[There is an] apparent challenge that computational
artifacts pose to the longstanding distinction
between the physical and the social, in the special
sense of those things that one designs, builds, and
uses, on the one hand, and those things with which
one communicates, on the other.

“Interaction”- in a sense previously reserved for
describing a uniquely interpersonal activity - seems
appropriately to characterize what goes on
between people and certain machines as well.

Lucy Suchman, Plans and Situated Actions



Interaction between people and
machines requires mutual intelligibility
or shared understanding.



Gulfs of Execution & Evaluation

Gulfs

Evaluation

Conceptual model Real world

Execution

[Norman 1986]



Gulf of Execution

The difference between the user’s intentions
and the allowable actions.

Gulf of Evaluation

The amount of effort that the person must
exert to interpret the state of the system and
to determine how well the expectations and
intentions have been met.

[Norman 1986]
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Gulf of Execution

The difference between the user’s intentions
and the allowable actions.

Gulf of Evaluation

The amount of effort that the person must
exert to interpret the state of the system and
to determine how well the expectations and
intentions have been met.

[Norman 1986]



Interactive Visualization



Interaction Techniques

Are there “essential” interactive operations
for exploratory data visualization?



Taxonomy of Interactions

Data and View Specification
Visualize, Filter, Sort, Derive
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Taxonomy of Interactions

Data and View Specification
Visualize, Filter, Sort, Derive

View Manipulation
Select, Navigate, Coordinate, Organize
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Taxonomy of Interactions

Data and View Specification
Visualize, Filter, Sort, Derive

View Manipulation
Select, Navigate, Coordinate, Organize

Process and Provenance
Record, Annotate, Share, Guide



Hours of footage lost each month due to dropped frames
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Hours of footage lost each month due to dropped frames
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Taxonomy of Interactions

Data and View Specification
Visualize, Filter, Sort, Derive

View Manipulation
Select, Navigate, Coordinate, Organize

Process and Provenance
Record, Annotate, Share, Guide



EXAMPLE:
Bertin's Hotel Data
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[Graphics and Graphic Information Processing, Bertin 81]
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EXAMPLE:
Tukey et al.'s PRIM-9



PRIM-9, Tukey, Fisherkeller, Friedman 1972


http://stat-graphics.org/movies/prim9.html







Selection



Basic Selection Methods

Point Selection

Mouse Hover / Click

Touch / Tap

Select Nearby Element (e.g., Bubble Cursor)





https://vega.github.io/vega/examples/airport-connections/







Basic Selection Methods

Point Selection
Mouse Hover / Click

Touch / Tap
Select Nearby Element (e.g., Bubble Cursor)

Region Selection
Rubber-band (rectangular) or Lasso (freehand)
Area cursors ("brushes”)



Brushing & Linking
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Brushing & Linking

Select (“brush”) a subset of data
See selected data in other views

The components must be linked
by tuple (matching data points), or
by query (matching range or values)
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Brushing Scatterplots, Becker & Cleveland 1982




Brushing Scatterplots
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https://vega.github.io/vega/examples/brushing-scatter-plots/
https://vega.github.io/vega/examples/brushing-scatter-plots/

Cross-Filtering
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Baseball Statistics [\/vills 95]
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Baseball Statistics [\/vills 95]
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Linking Assists to Positions
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Dynamic Queries



Query & Results

SELECT house FROM seattle homes
WHERE price < 1,000,000 AND bedrooms > 2
ORDER BY price Dunanic Browser : DC Home Findar

TaNusbar Dualling Address City

2 House 5256 S. Capitol St, Beltsville,
4 House 5536 S. Lincoln St. Beltsville, HMD
S House 9165 Jones Street Beltsville, HMD
8 Houzea 2007 Jonaes Strect Beltsville, HD
9 Housea 4872 Jones Streat Beltsvuillae, MD
17 House 3408 S. Capitol St. Beltsville, MD
20 House 5496 S. Capitol St, Beltsville, HMD
as Condo 5459 §. Lincoln St. Laurel, MD

86 Condo 5051 S. Lincoln St. Laurel, MD

88 Condo 2159 Hamilton Street Laurel, MD

92 Condo B132 Hamilton Street Laurel, MD

93 Condo S221 5. Lincoln St Laurel, MD

249 Condo 5043 S. Lincoln St, Laurel, MD

95 Condo 4970 Jones Street Laurel, MD

97 Condo 14677 Jones Street Laurel, MD

98 Condo 4896 S. Capitol St. Laurel, MD

99 Condo 30498 S. Capitol St. Laurel, MD

100 Condo 4597 31st Street Laurel, MD

101 Condo 5306 S. Lincoln St, Laurel, MD

103 Condo 5562 Gla== Road Laurel, MD

105 Condo 5546 Hamilton Street Laurel, MD

152 Houzea 7670 31zt Streect Upper Marlboro, HD




Issues with Textual Queries

1. For programmers

2. Rigid syntax

3. Only shows exact matches

4. Too few or too many hits

5. No hint on how to reformulate the query
6. Slow question-answer loop

7. Results returned as table



HomeFinder

o Dynamic
R N HomeFinder

Reset Quit

Save Print

Dist to A:

Dist to B:

Bedroons:

Look at:

The yellow dots above are homes in the DC area for sale. Hse TH Cnd.
You may get more information on a home by selecting it.

You may drag the A’ and "B’ distance markers to your I:eanures-

office or any other location you want to live near.

Select distances, bedroomns, and cost ranges by Grg Fpl
dragging the corresponding slider boxes on the right.

Select specific home types and services by pressing cAC New
the labeled buttons on the right.

[Williamson and Shneiderman 92]



Direct Manipulation

1. Visual representation of objects and actions
2. Rapid, incremental and reversible actions

3. Selection by pointing (not typing)
4. Immediate and continuous display of results
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| =
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0 Length 450
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[Ahlberg and Shneiderman 94]



Popularity
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[Ahlberg and Shneiderman 94]



Alphaslider (?)

Title :
Moonstruck

A | —

ABCDFGHLMNPRS T WZ

[Ahlberg and Shneiderman 94]



Popularity
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SineratinbutelExploies




Zipdecode [ 1y 04]

http://benfry.com/zipdecode/


http://benfry.com/zipdecode/
http://benfry.com/zipdecode/

NameVoyager ‘Wattenberg 06]

Names starting with

a80s 1890s 1900¢s 1910¢g 1920s 1930s 1940s 950s 960s 4970s 4980s 1990¢s

http://www.babynamewizard.com/voyager



http://www.babynamewizard.com/voyager
http://www.babynamewizard.com/voyager

DimpVis Kondo 14
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East Asia & Pacific
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Life Expectancy
8

1975
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http://www.babynamewizard.com/voyager

Parallel Coordinates [Inselberg

cylinders displacement horsepower acceleration {0-60 mph) mileage
2 45835 in 231 hp 28 sec
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https://bl.ocks.org/jasondavies/raw/1341281/

TimeSearcher [ oche
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Builds on Wattenberg’s [2001] idea for
sketch-based queries of time-series data.
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3D Dynamic Queries [/kers 04]




3D Dynamic Queries [/kers 04]




Pros & Cons

Pros
Controls useful for both novices and experts
Quick way to explore data



Pros & Cons

Pros
Controls useful for both novices and experts

Quick way to explore data

Cons

Simple queries

Lots of controls

Amount of data shown limited by screen space

Who would use these kinds of tools?



Summary

Most visualizations are interactive
Even passive media elicit interactions

Good visualizations are task dependent
Pick the right interaction technique
Consider the semantics of the data domain

Fundamental interaction techniques
Selection / Annotation, Sorting, Navigation,
Brushing & Linking, Dynamic Queries
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A2: Exploratory Data Analysis

Use visualization software to form & answer questions

First steps:

Step 1: Pick domain & data
Step 2: Pose questions
Step 3: Profile the data
lterate as needed A i1 inss

Create visualizations
Interact with data
Refine your questions
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s
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¢t Crews by 3 (odumay APl 29,507

Author a report
Screenshots of most insightful views (8+) Due by 11:59pm
Include titles and captions for each view Monday, Oct 26
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Responsive Visualization

POLITICS

| (]

In close decisions, Kennedy voted in the majority 76 percent of the time.

Justice Kenne been an essential figure in forming a majority on the court.

He voted on the winning side of close decisions 76 percent of the time over his

far more often than any other justice he served with except for Justice Neil
Gorsuch, who joined the court last year.

Justice Kennedy joined both the conservative and liberal blocs of justices to

during their tenure. Justice Sandra Day
O'Connor held the role for 10 ye
Justice Byron White for 15, and Justice
Kennedy for 18.

In close decisions, Kennedy voted
In the majority 76 percent of the time.

Justice Kennedy has been an essential

figure in forming a majority on the court.

He voted on the winning side of close
nt of the over his
mare often than any other
served with except fo
Gorsuch, who joined the

Justice Kennedy joined both the
conservative and liberal blocs of justices
to provide a decisive vote in se
landmark cases, including

In close decisions, Kennedy voted
in the majority 76 percent of the time.

Percentage of votes in the majority,
over each justice's career

Gorsech




esponsive Visualization (Hofsneleral 20

$300 billion Total cost of major natural disasters

California wildfires For disasters causing more than $1 billion in losses.
$18 billion

$300 billion

Hurricane Irma

$50 billion California wildfires

Hurricane Maria Irma
$90 billion

Total cost of major
natural disasters
For disasters causing more Hurricane Katrina
than $1 billion in losses. $161 billion Katrina ——

Hurricane Harvey
$125 billion



https://nyti.ms/38VBIzz
https://nyti.ms/38VBIzz

Responsive Visualization [Hofswel et al 20

Action Number of Visualizations (Portrait)
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Responsive Visualization [Hofswel et al 20

Action Number of Visualizations (Portrait) Action Number of Visualizations (Landscape)
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Responsive Visualization (-7

Data Load Save
VIEWS

0 desktop | 1024

1 portrait : 375

2 landscape : 585
VALUES

43 rows in total
year

# cost

% order
name

# offset

» rect
» axis ick (yoar]
» axis label (year)
axis domain (year)
axis itle (year)
» axis 1c< (cost)
» axis label (cost)
axis domain (cost)
axis itle (cost)
» axie grid (loft)
- toxt
text: Hurricane Katrina
text: Hurricane Harvey
text: Hurricane Maria
text: Hurricane Irma
text: Calfornia wildfires
» axis icx (cost. offset)
» axis label (cost, offset)
axis domain (cost, offset)
axis itle (cost, offset)

Help
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Responsive Visualization (-7

Data Load Save
VIEWS

0 desktop | 1024

1 portrait : 375

2 landscape : 585
VALUES

43 rows in total
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» rect
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» axis label (year)
axis domain (year)
axis itle (year)
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» axis label (cost)
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Basic Selection Methods

Point Selection

Mouse Hover / Click

Touch / Tap

Select Nearby Element (e.g., Bubble Cursor)
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# of Unique Words Used Within Artist’s First 35,000 Lyrics
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https://pudding.cool/projects/vocabulary/

Right now we have at least 50%, sometimes 60% or
7/0%... of our readers that come through mobile
phones to our site.

Gregor Aisch, Information+ Conference 2016



Right now we have at least 50%, sometimes 60% or
70%... of our readers that come through mobile
phones to our site... Nobody is interacting with news
graphics... it's like 10% of all users click that button.

Gregor Aisch, Information+ Conference 2016



82% of mobile readers advanced through at least
some of the content, even though they needed to
dismiss a warning about download size; however,
only 34% attempted to tune the guitar and just 6%

tuned all six strings.

Conlen et al., EuroVis 2019



82% of mobile readers advanced through at least

some of the content, even though they needed to
dismiss a warning about download size; however,

only 34% attempted to tune the guitar and just 6%
tuned all six strings.

These observations suggest that mobile users are
willing to engage with interactive content, and that
the specific interactions should have been refined to
better accommodate them.

Conlen et al., EuroVis 2019



Interactions Disabled

D What the World Eats Meat Consumption ¢ D What the World Eats (g

World ( per Pe ¢ c Diet Jf\le.n

Global meat consumption per - )

Global meat intake per person has nearly doubled in
t t fifty years. Adjust the timeline below to
since 1961. Interact with the measure the average person’s daily consumption of
meat

person has nearly doubled

charts to see ho ch countr
or region’s meat-eating patterns
have evolved. | Total tor |
depict national consumptio
often reflecting population
growth or larger industry

Meat & 106% Other Meat

he dail Seafood
: ! trate the daily Meat A 106%
distribution of meat consumed Poultry

throughout a population, and

trends often align with larger
political and economic events.

Hong Kong Argentina

Visit this site on your desktop browser or
tablet device to explore the full interactive
version, and to compare more detailed diet

breakdowns of different countries over

Ru G

time.
N



https://www.nationalgeographic.com/what-the-world-eats/
https://www.nationalgeographic.com/what-the-world-eats/

Interactions Previewed

e 9 B

®e o %o ot®
ey _© §
T . OYe o u..a-?.‘do
Better Cleyelandjsgatg"y;,‘;‘g, &
than expected
Better than expected

Washington State U.
Worse than expected 70% expected, t Worse \.) y

than expected - dﬁf}i;: «9»
l ® o ohaM), 8 T

e uo %9

... e..;;:..!é &
o0
o el



https://www.nytimes.com/interactive/2019/05/23/opinion/sunday/college-graduation-rates-ranking.html
https://www.nytimes.com/interactive/2019/05/23/opinion/sunday/college-graduation-rates-ranking.html

Interactions Simplifie

Circles are sized by the number of people associated with
each group. Campaigns are shown in dark shade;
administrations and other organizations in light shade.
Tap circles to see paths of different staffers.

& 20020
Dowd  Abedin Grunwald Sullivan Finney < @
{) \ \ ff‘) John D. Podesta

Palmieri Chairman

Clinton loyalists Obama operatives Other key strategists Pro-Clinton super PAC

/ \
CI!lgltGon /

Clinton
'92



https://nyti.ms/2ykNIYP
https://nyti.ms/2ykNIYP

Responsive Visualization Summary

Good visualizations are task dependent
Who is the audience and what is the task?
Pick the right interaction technique

Visualizations are not one size fits all
Context might change user goals



