CSEsi12 :: 30 Jan 2014
Interaction

i e, .

Jeffrey Heer University of Washington



[There is an] apparent challenge that computational
artitacts 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]



Gulf of Evaluation

Gulf

Real world:

Conceptual model:
x,y correlated?
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Gulf of Evaluation
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Conceptual model:
x,y correlated?




Gulf of Execution
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Interaction Techniques

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




Interaction Techniques

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

 View Specification (map data to visual vars)
 Navigation (pan, zoom, scale, rotate)

o Selection / Highlighting

o Filtering

o Sorting

o Extract Data



Interactive Visualization
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[Graphics and Graphic Information Processing, Bertin 81]
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[Graphics and Graphic Information Processing, Bertin 81]




[Graphics and Graphic Information Processing, Bertin 81]




PRIM-9, Tukey, Fisherkeller, Friedman 1972
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Pointing




Basic Pointing Methods

Point Selection
Mouse Hover / Click

Touch / Tap
Select Nearby Element (e.g., Bubble Cursor)
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http://mbostock.github.io/d3/talk/20111116/airports.html
http://mbostock.github.io/d3/talk/20111116/airports.html
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Basic Pointing Methods

Point Selection

Mouse Hover / Click

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

Region Selection
Rubber-band or Lasso

Area Cursors (“Brushes”)




Brushing and Linking




Highlighting / Brushing

Direct attention to a data subset within a graph (wils ¢s]

[ loHits/Years - ¢| |




Brushing and 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)




Brushing Scatterplots, Becker & Cleveland 1982
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Linking Assists to Positions
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GGobi: Brushing



http://www.ggobi.org/
http://www.ggobi.org/

Dynamic Queries




Query and Results

SELECT house FROM seattle homes
WHERE price < 1,000,000 AND bedrooms > 2

ORDER BY price

Dynanic Browser

TaNuURbar Dualling Address

27
98
99
100
101
103
105
152

House
House
House
House
House

House

House
Condo
Condo
Condo
Condo
Condo
Condo
Condo
Condo
Condo
Condo
Condo
Condo
Condo
Condo
House

5256
5536
5165
S007?7
qan?a
5408
54996
5459
5051
3159
$132
S221
5043
4970
4677
4896
5048
4597
3306
5562
5516
7670

S. Capitol St.
S. Lincoln St,
Jones Street
Streat
Streat
S. Capitol St
S$. Capitol St.
S. Lincoln St.,

Jonaes

Jone s

S. Lincoln St.
Hamilton Streeat
Hanilton Street
S. Lincoln St
$. Lincoln St,
Jones Street
Jones Streat

S. Capitol St.
S. Capitol St.
3ist Street

S. Lincoln St,
Glass Road
Hamnilton Strect
3lst Streat

: DC Home Finder

City

Beltsville,
Beltsville, HD
Beltsville,

Beltsville,

Haeltaville,

Beltsville,
Beltsville,
Loaurel, MD
Laurel, MD
Laurel, MD
Laurel, ™MD
Laurel, MD
Laurel, MD
Laurel, MD
Laurel, MD
Laurel, MD
Laurel, MD
Laurel, ™MD
Laurel, MD
Laurel, MD
Laurel, MD
Upper Marlboro, MDD




Issues

—
°

For programmers
Rigid syntax

Only shows exact matches

. Too few or too many hits

2.
3.
4
5
6
7

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

Results returned as table




HomeFinder

B Dynamic
. : HomeFinder

. Quit

Save Print

P4 .. - Dist to A:

o Dist to B

Bedroons:

Look at:

The yellow dots above are homes in the DC area for sale. Hee ™ Cnd
You nay get more information on a home by selecting 1t.

You may drag the "A’ and "B’ distance narkers to your Feenures-

office or any other location you want to live near.

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

Select specific hone 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




Popularity
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Popularity
x]9
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Alphaslider

Title :
Moonstruck

A | =l

ABCDFGHLMNPRS T WZ

[Ahlberg and Shneiderman 94]
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Attl’ib“te Explorer [Spence and Tweedie 98]

- Video Clip



http://
http://




Zipdecode .4

http://benfry.com/zipdecode/



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

NameVoyager

http://www.babynamewizard.com/vovager



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

Ti mesea rChe r [Hochheiser & Shneiderman 02]

Fie 1ot View Traasform Melp

” o m A~ // Searon Search Clear  Query Varable Low v 6} HC{E.

x Law x Hugh

Based on Wattenberg's [2001] idea for sketch-based
queries of time-series data.



3D dynamic queries pc-..04




3D dynamic queries pc-..04




Pros and Cons

Pros
Controls useful tor 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?




Sorting
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Condition variables

1 3 I i

Wisconsin No, 38
Velver
r

Panel variables

Wisconsin No. 38
Velvet

Wisconsin No_ 32

i

Trellis Display

[Becker, Cleveland, and Shyu 96]
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Wizcorsir No
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Craph Viewer
Graph Viewer
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Administrivia




A3: Interactive Visualization

Create an interactive visualization application. Choose a data
domain and select an appropriate visualization technique.

1. Choose a data set and storyboard your interface
2. Implement the interface using tools of your choice

3. Submit your application and produce a final write-up

You should work in groups of 2.

Due by 50m on Monday, February 10




Assignment 3: Project Partners

For A3, you should work in groups of 2.

It you do not have a partner, you should

1) Use the facilities on Piazza

2) Stay after class to meet potential partners




Assignment 3 Tips

1) Start now. It will take longer than you think.

2) Keep it simple. (Eschew the kitchen sink.)
Choose the minimal set of interactions that
enables users to explore and generate
interesting insights. Keep the design clean.

3) Promote engagement. How do your chosen
interactions reveal interesting observations?




ImMens




How can we visualize and
interact with billion+ record
databases in real-time?
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imMens: Real-Time Visual Querying of Big Data
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5-D Data Cube
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5-D Data Cube

Month, Day, Hour, X, Y
~2.3B bins
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Multivariate Data Tiles

1. Send data, not pixels
2. Embed multi-dim data
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Full 5-D Cube
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Full 5-D Cube

> 2 p> p>

For any pair of 1D or 2D binned plots, the
maximum number of dimensions needed
to support brushing & linking is four.

3-D
cubes
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Multivariate Data Tiles

1. Send data, not pixels
2. Embed multi-dim data

3. Parallelize queries (GPU)




Query & Render on GPU via WebGL

Pack data tiles as PNG image files,
bind to WebGL as image textures.
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Query & Render on GPU via WebGL

Z b ¥ ond
Pass 1 |

Compute aggregation for each output bin.

Executes in parallel on GPU.
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Query & Render on GPU via WebGL

X [512-767) ~,

1 R G B A
query - R G B A
fragment 1 : _
shader ; R G B A

——

Y [768-1023
data tiles projections off-screen FBO

Pass 1

Accumulate results in offscreen buffer.

Render resulting plots in second pass.

render

fragment
shader

Pass 2

canvas
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5 dimensions x 50 bins/dim x 25 plots

~50fps querying of visual
summaries of 1B data points.
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Number of Data Points
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Parting Thoughts

Consider how the structure and/or semantics of
the data might be leveraged to aid analysis.

One idea: look beyond data features to
incorporate perceptual features of the display.

Peaks,

valleys,

& slopes




Perceptual Annotation (s g o9

Gre in prime

Esposito scores
78 goals  —lpe-

rise to 50
goal season

Al

Lockout season
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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




