CSE 442 - Data Visualization

Interaction

Matthew Conlen



[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 intelligivility
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]



Gulf of Evaluation

Gulf

Real world:

Conceptual model:
X,y related?




Gulf of Evaluation
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Conceptual model:
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Gulf of Execution

Gulf

Conceptual model:
Draw a scatterplot

Real world

Move 90 30
Rotate 35
Pen down




Gulf of Execution

Gulf

Conceptual model:

> 0.5000

Draw a scatterplot
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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



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



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



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 records), or
by query (matching range or values)



. »
| K292 b=
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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Baseball Statistics [\/vills 95]

how long
In majors

= e |:|

HHHHHHHUUDDDUDDDDD_D_ '

[ &Log(1+Sa1ary) [ i

select high
salaries

hssists - puto| |

. . .
o °F o
s

[ Position

[ lcHits/Vears - ¢ |

avg career
HRs vs avg

~ career hits

(batting ability)

L

10d0




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 Finder

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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[Ahlberg and Shneiderman 94]



Popularity
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Alphaslider (?)

Title :
Moonstruck

A | —

ABCDFGHLMNPRS T WZ

[Ahlberg and Shneiderman 94]



Popularity
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[Ahlberg and Shneiderman 94]
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A3: Interactive Prototype

Create an interactive web-based visualization

First steps:

Step 1: Pick team & data
Step 2: Profile the data
Step 3: Identify interactions
lterate as needed

Create visualizations
Interact with data
Refine your interface

Upload to GitHub

Visualization must be accessible via
GitHub's static web hosting.



A3: Interactive Prototype

Create an interactive web-based visualization

First steps:

Step 1: Pick team & data
Step 2: Profile the data
Step 3: Identify interactions
lterate as needed

Create visualizations
Interact with data
Refine your interface

Upload to GitHub

Visualization must be accessible via
GitHub's static web hosting.

Updated due date.



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
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http://www.babynamewizard.com/voyager

Parallel Coordinates [Inselberg

cylinders displacement horsepower acceleration {0-60 mph) mileage
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https://bl.ocks.org/jasondavies/raw/1341281/

TimeSearcher [ ocheiser 02

File Edit View Transform Help

@@E ﬂ 1) search: ’7@ Clear | Query variable Low v |-

[ x Low | X High | 9 ADC TELECOMMUNICATIONS | a

records displayed

(o]

(o] :
Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Y e - - — Se Nov Dec Jan Feb Mar Apr May Jun Jul Aug
“}ADC TELECOMMUNICATIONS
7223 Records = - JAMERICAN HOME PRODUCTS
ANAREN MICROWAVE INC
:JANADARKO PETROLEUM CORP
A “SALLIANT TECHSYSTEMS INC
DC TELECOMMUNICA110ONS lAuTOMATIC DATA PROCESSNG
26 “lavx core
44, < IBAXTER INTERNATIONAL INC
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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]




P Hacking [<ing 15]

Hack Your Way To Scientific Glory

You’re a social scientist with a hunch: The U.S. economy is affected by whether Republicans
or Democrats are in office. Try to show that a connection exists, using real data going back to
1948. For your results to be publishable in an academic journal, you’ll need to prove that they
are “statistically significant” by achieving a low enough p-value.

€ coosE A ]
POLITICAL PARTY Republicans Democrats

© DEFINE TERMS

€ s THERE A RELATIONSHIP? @ s YOUR RESULT SIGNIFICANT?

Given how you've defined your terms, does the economy do better, If there were no connection between the economy
worse or about the same when more Republicans are in office? Each dot and politics, what is the probability that you'd get
below represents one month of data. results at least as strong as yours? That
probability is your p-value, and by convention, you
need a p-value of 0.05 or less to get published.

Which politicians do you
want to include?

I:I Presidents

I:l Governors

Senators

D Representatives

Result:

How do you want to measure

economic performance?

Employment
Inflation
[ ] eppP

|:] Stock prices

Other options

|_| Factor in power

A BETTER ECONOMY —

Your 0.10 p-value is close to the 0.05
threshold. Try tweaking your
variables to see if you can push it
over the line!



http://www.babynamewizard.com/voyager
https://fivethirtyeight.com/features/science-isnt-broken/#part1

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



I/ tips: *** Scatterplot ***

File  Options [
Dimensionality Reduction

, -
- 20157 D07 74)
&.3-0.251,0.178(9.00)
4:-0.442,0.723(1.00)
5:0.016,0.222(1.00)

http://www.ggobi.org/ 6:0.726,0.461(3.00)
7:0.424 -0.195(1.00)



http://www.ggobi.org/

Principal Components Analysis

1. Mean-center
the data.

2.Find L basis
vectors that
maximize the
data variance.

3. Plot the data
using the top
vectors.




PCA of Genomes [Demiralp et al '13]




Many Reduction Techniques!

General Strategies:
Matrix Factorization

Nearest Neighbor (Topological) Methods

Popular Techniques:

Principal Components Analysis (PCA)

t-Dist. Stochastic Neighbor Embedding (t-SNE)
Uniform Manifold Approx. & Projection (UMAP)
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How to Use t-SNE Eftectively

Although extremely useful for visualizing high-dimensional data, t-SNE plots
can sometimes be mysterious or misleading. By exploring how it behaves in

simple cases, we can learn to use it more effectively.
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Visualizing t-SNE ‘Wattenberg et al. '16]
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Time Curves [Bach et al. '16]

Timeline: - Time difference . X
1 —O—0——00-0 (7 @
Circles are data cases with a time stamp. @
Similar colors indicate similar data cases. .
.‘\. \
Folding: PSS {V./' 0\./\'
. - % o
1 s o

\ 7
i \OJ oO— Wikipedia “Chocolate” Article

N \ S
Time c:lrve: /_GSiTilegw
¢ L j

\
o—9

The temporal ordering of data cases is preserved.

Spatial proximity now indicates similarity.

(a) Folding time U.S. Precipitation over 1 Year




