Topic Notes

Interaction
R N )

CS 7450 - Information Visualization
February 3 & 8, 2011
John Stasko

Interaction? \
I—
What do you mean by “interaction”?
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Background N
— —
Interaction (HCI)

= “The communication between user and the
system” [pix et al., 1998]

= “Direct manipulation and instantaneous
change” [Becker et al., 1987]

“HCI research is far from having solid (and

falsifiable) theories of interaction”
[Beaudouin-Lafon, 2004]

Clarifying...
a®
Interaction ,
Today's

Being interactive, not static

M

Interaction

Communication, analytic discourse

foeus
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Main Components

“The effectiveness of information visualization hinges
on two things: its ability to clearly and accurately
represent information and our ability to interact with
it to figure out what the information means.”

S. Few
Now You See It, p. 55

Spring 2011 CS 7450

iLittle Brother”

Two main

components

in an infovis
Representation
Interaction

Representation gets all the attention

Interaction is where the action is
(no pun intended)

Spring 2011 CS 7450



Research Focus

E—
Very challenging to come up with
innovative, new visual representations

But can do interesting work with how user
interacts with the view or views

It's what distinguishes infovis from static
visual representations on paper

Analysis is a process, often iterative with
branches and side bars

Spring 2011 CS 7450

Interaction

—
How do you define “interactive”?
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Response Time
.1 sec

animation, visual continuity, sliders
1 sec

system response, conversation break
10 sec

cognitive response

Spring 2011 CS 7450 9

Example

Ainteractiye stasked istogram

15 Microssitnterpel Explorer, = B]x]
Fle Edk Vew Favofes Tods Hop @

[« x) (B €0 Dot Jlrreantes €8 -5 . 3
Even S|m Ie 5+ 48] it v s, o slanceis i i ES »
p interactive stacked histograms

interaction
can be quite
powerful

Happily Tane is using an interactive stacked
histogram.

Try it yourself.

Click on the coloured banana entry in the Ley. or one
of the banana parts of auy of the histogram bars.

) apple vimagcies eeted

Stacked histogram

http://www.hiraeth.com/alan/topics/vis/hist.html
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Exam Ie e L)
Fle Edt View Toos  Help L

Favortes
Qe - ©  [¥] [B] G Oseach Spravotes &) (2 -8B
Address |&] httpsy) digitahistory.uh 0.cfr BB ks >
v e — . — =
AQital 1 listor

NP using new technologies to enhance teaching and researel

. i (A%
" m 191 o colteral”
‘ Pittsburgh, Pennsylvania
L] L Station KDKA in Dittsburgh transmits
mn first regula radio programs in U5

at the bottom to navigate through social, political and cultural events.
¥ square to get event details. Click on these shapes to find out more.

www.digitalhistory.uh.edu/timeline/timeline.cfm
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Interaction Types
5
Dix and Ellis (AVI 98) propose
Highlighting and focus

Accessing extra info — drill down and
hyperlinks

Overview and context — zooming and fisheyes
Same representation, changing parameters
Linking representations — temporal fusion

Spring 2011 CS 7450 12



Interaction Types

S— 1)
Keim'’s taxonomy (TVCG '02) includes
Projection
Filtering
Zooming
Distortion

Linking and brushing

Spring 2011 CS 7450 13

Discuss

Another Taxonomy -
— S

Operator
navigation, selection, manipulation, distortion,
filtering

Space of interaction
screen, data value, data structure, attribute,
object, visualization structure

Parameters of the interaction operator
focus, extents, transformation, blender

Ward, Grinstein, & Keim
2010, chapter 10

Spring 2011 CS 7450 14



Few’s Principles

—
Especially useful ways of interacting with
data

Comparing

Sorting

Adding variables
Filtering

Highlighting
Aggregating
Re-expressing
Re-visualizing
Zooming and panning
Re-scaling

Accessing details on demand

AnnOtatlng Now You See It
Bookmarking Chapter 4

Spring 2011 CS 7450 15

Details

—
Sorting (for example)

Provide a selection of graphs that support the full
spectrum of needed comparisons

Provide graphs that are designed for easy
comparison of those values and relevant patterns
without distraction

Provide the means to place a great deal of
information that we wish to compare on the
screen at the same time, thereby avoiding the
need to scroll or move from screen to screen to
see the information

Great design checks for your visualization systems

Spring 2011 CS 7450 16



Challenging

Interaction seems to be a difficult thing to
pin down and characterize

Let’s go back to the user trying to solve

problems...

User-centered versus system-centered
characterizations

Spring 2011

CS 7450

Another take

17

Spring 2011

Toward a Deeper Under

standing of the Role of

Interaction in Information Visualization

Ji S00 Yi, Youn ah Kang. John T. Stasko. Member, IEEE, and Julie A. Jacko

Abstract—Even tough interaction Is an important part of information visualizaton (Infovis), it has gamered a relatively low level

of aftention from the Infovis community. A few frameworks and
typically focus on low-level operations and do not address the

taxonomies of Infovis interaction techniques exist, but they
variety of benefts interaction provides. Afler conducting an

extensive review of Infovis systems and their interactive capabilibes, we propose seven general categories of inferaction

techniques widely used in Infovis. 1) Select, 2) Explore. 3) Rec

onfigure. 4) Encode. 5) AbstracElaborate. 6) Filter, and 7)

Connect These categories are organized around 3 user's infent while inferacting with a system rather than the low-level

Interaction techniques provided by a system. The categories can

act as a framework 10 help discuss and evaluate interaction

fechniques and hopetully lay an Inftial foundation loward a deeper understanding and a science of interaction

Index Terms—information visualization, interaction, inferaction lechniques. taxonommy, visual analytics

1 INTRODUCTION

Information visualization (Infovis) systems. at their core. appear 1o
have fwo main components: fepresentation and interaction. The
representation component, whose 100ts lie in the field of computer
graphics. concerns the mappng from data to representation and how
that representation is rendered on the display The interaction
component mvolves the dialog between the user and the system as
the user explores the data set to uncover insights The imteraction
c at's roots hie in the area of human-computer interaction
(HCT). Although discussed a5 two scparate  components
representation and interaction clearly are not mutually exclusive For
instance, interaction with a system may activate a change in
representation. Nonetheless. the fwo components seem to compose
the two fundamental aspects of Infovis systems. and it seems
reasonable 10 conwder what each contnbutes © an end-user's

CS 7450

and jotting down notes on the poster). Spence even suggests the
notion of “passive mteraction” through which the user's mental
model on the data set is changed or enhanced [38] Finally, through
mteraction. some limits of a representation can be overcome. and the
cogaition of a user can be further amphified (e .. (15. 29])

The importance of interaction and the need for its further study
seem undisputed. For example. the recent book [luminatin
Path: The Research and Development Agenda for
calls for further research on interaction

Recommendation 3.3: Create a mew science of
interaction o support visual amalytics. The grand
challenge of interaction 1s to develop a taxonomy o describe
the decion wnace of mteracthon techmones that wannoees the

IEEE TVCG 13(6), ‘07
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Study Methodology ~
—

Survey
59 papers
Papers introducing new interaction systems
Well-known papers in subareas of Infovis
51 systems

Commercial Infovis Systems (SeelT, Spotfire,
TableLens, InfoZoom, etc.)

Collected 311 individual interaction

techniques
Affinity Diagram Method
Spring 2011 CS 7450 19

Focus Emerged .
—

User intent

“What a user wants to achieve through
a specific interaction technique”

Spring 2011 CS 7450 20
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Main Idea .
Don't focus so much on particular
interactive operations and how they work

Interaction is ultimately being done by a
person for a purpose

Seeking more information, solving a problem

Fundamental aspect of exploratory, analytic
discourse

Spring 2011 CS 7450 21

Results -
-

7 categories
Select

Explore
Reconfigure
Encode
Abstract/Elaborate
Filter

Connect

Spring 2011 CS 7450 22



1. Select
%

“Mark something as interesting”

Mark items of interest to keep track
Seems to often work as a preceding
action to subsequent operations.

e.qg.,
Selecting a placemark in Google Map
The Focus feature in TableLens

Spring 2011 CS 7450 23

Pop-up tooltips

Hovering mouse
cursor brings up
details of item &=

z

] nllul ey ||| ]

IIIIII L T

N
N

Spring 2011 CS 7450
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Mouse Selection

Clicking on an

item selects it s ]
. Fdl & mmm ¢ DddEd = DO

and attributes g R

of the data

point are shown

Selected item ——

Attributes

Spring 2011 CS 7450 25

But...

What's wrong with this picture?

| © Spotfire Demo (Unregistered) - MicroAr.sfs - [Channel spreading]

| @ Fie Edt View Options Tools Window Help T
EEER O EEE R
! G_Comected v

|
| 40000
I
|

G_Cor 132 42930

H 00 I«

|[Fcor 123 2412

] = I

Ratio 012496 18.845798 =

ORF VEFT 70w =
Nare PDAT
F 0
G_Comected 14076

| R Conected 13363

1 Ratio 0543346
TimeFoint &

‘ 10000 20000 30000 40000 Basian s dHipdemsd
® 12 d

(=l A Corected v | [ 1 »
} [22962.132) 5033 out of 5033 records visible [100.00 %), 49 marked [ [0 22
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Problem n
—

Where are the labels?

Labeling is difficult to do when so many
entities exist

Can add to ball of string problem

Spring 2011 CS 7450 27

Objectives .
Each label for a data point should:
Be readable

Non-ambiguously relate to its graphical object
Not hide other pertinent information

Completeness (labeling of all objects) is
desired but not always possible

Spring 2011 CS 7450 28
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Two types of techniques

Static
Road maps
Physical presentations
Used in cartography
Dynamic
Interactive data points
Spring 2011 CS 7450 29

Excentric Labeling -
"

Description boxes
mwei<— coNntaining the name of

o e K
Area of focus ) e o the data point

Uowd Rutledge

Line and box coior
match the color of the
data point

Fekete and Plaisant
CHI ‘99
Spring 2011 CS 7450 30
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Being Excentric

E—
“Invisible” — Does not appear until user
hovers over data points

Describes data points using the name field
Visually connects labels with data points
Can order labels to indicate graph position

Demos at http://www.cs.umd.edu/hcil/excentric

Spring 2011 CS 7450 31

Generalized Selection

When you click on an item in a
visualization, can we generalize the
selection off the precise item?

Maybe you want to select items matching
some attribute(s) of that item

Spring 2011 CS 7450 32

N
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Query Relaxation

l’\"ﬁ
+ +
- 4
X .

Aug 1 Sep| Augi Sep| |Augi Sep| Augi Sep

As you dwell on your mouse pick, the selection
criteria broaden and you can choose sets of items

Video Heer, Agrawala, Willett
CHI ‘08
Spring 2011 CS 7450 33
2. Explore
\,ﬁ

“Show me something different”

Enable users to examine a different subset of
data

Overcome the limitation of display size

e.qg.,
Panning in Google Earth
Direct Walking in Visual Thesaurus

Spring 2011 CS 7450 34
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Direct Walk

Linkages between
cases

Exploring one may
lead to another

Example:

Following hyperlinks
on web pages

Spring 2011

Example

Syllabus
Overview

Vieek Dstes  Topie  Topic

Jan. & - Introduction

CS 7450 35

http://www.visualthesaurus.com

Visual Thesaurus

Spring 2011

fundamental interaction

interact

interaction =

action

CS 7450 36
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3. Reconfigure K
—

“Show me a different arrangement”

Provide different perspectives by changing the
spatial arrangement of representation

e.g.,
Sorting and rearranging columns in TableLens
Changing the attributes in a scatter plot

The baseline adjustment feature in Stacked
Histogram

The “Spread Dust” feature in Dust & Magnet

Spring 2011 CS 7450 37

Rearrange View .
Keep same fundamental representation

and what data is being shown, but
rearrange elements

Alter positioning
Sort

Spring 2011 CS 7450 38
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Example

B North
B West
O East

Stacked Histogram

Spring 2011 CS 7450 39

Rearrange

)

In TableLens e = o o o e o
YOU Ccan move [[Corear vamsac TiovGuiones _prowm .
columns

(attributes)

left and right

Spring 2011 CS 7450 40



Sorting
5

Can sort data with respect to a particular
attribute in Table Lens

Spring 2011 CS 7450 41

4. Encode
s

“Show me a different representation”

Change visual appearances

e.g.,
Changing color encoding
Changing size
Changing orientation
Changing font
Changing shape

Spring 2011 CS 7450 42
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Changing Representation
%
May interactively change entire data
representation
Looking for new perspective
Limited real estate may force change

Spring 2011 CS 7450 43

Example

Selecting different representation from options at bottom

Spring 2011 CS 7450 44
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5. Abstract/Elaborate .
—

“Show me more or less detail”

Adjust the level of abstraction (overview and
details)

e.g.,
Unfolding sub-categories in an interactive pie chart
Drill-down in Treemap
Details-on-demand in Sunburst
The tool-tip operation in SeelT
Zooming (geometric zooming)

Details-on-Demand .
S )

Term used in infovis when providing viewer with
more information/details about data case or
cases

May just be more info about a case
May be moving from aggregation view to
individual view

May not be showing all the data due to scale problem

May be showing some abstraction of groups of
elements

Expand set of data to show more details, perhaps
individual cases

Spring 2011 CS 7450 46
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Examples s

Google Earth

Table Lens
Spring 2011 CS 7450 47

Example

Animated
SunBurst

a1 I ©

() © ©

Spring 2011 CS 7450 48

P Ny
N o
% \,
%ma [\ %
,& ¥ o .
% "
) -

24



6. Filter

E—— 1}

“Show me something conditionally”

Change the set of data items being presented based
on some specific conditions.

e.g.,
Dynamic query
Attribute Explorer
Keystoke based filtering in NameVoyager
QuerySketch

Spring 2011 CS 7450 49

Filtering/Limiting
——
Fundamental interactive operation in
infovis is changing the set of data cases
being presented

Focusing

Narrowing/widening

Spring 2011 CS 7450 50
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E)(a m p I e NameVoyager

-

" . Try Nymbler! | Read the Name Wizard Blog
s The Baby Name Wizard's NameVoyager Hame FAQ B Book

Ovos  Cloite Moo 2005 rank, boys (1) EI D

Hit return’to see only

1880s 1890s 1900s 1910s 1920s 1930s 1940s 1950s 1960s 1970s 1980s 1990s 2003 2006

http://www.babynamewizard.com/namevoyager.html/

Spring 2011 CS 7450 51

Filtering

Baby Name >

© Both O Boys O Giris 2009 rank: boys T ET BN %

000500/ 100] 25| 1 |
Names starting with 'J' per million bables
140,000

130,000

120,000

110,000

100,000

Jennifef 80,000

Jessica
Jeremy

50,000

Jonathan
40,000

30,000

Joshua 20,000

10,000

1880s 1890s 1900s 1910s 1920s 1930s 1940s 1950s 1960s 1970s 1980s 1990s 2000s 2009
Click a name graph to view that name. Double click to read more about it.

Spring 2011 CS 7450 52
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Filtering

© Both O Boys O Girls 2009 rank: boys TITETIRECIEN %

ELRgi0005001100 25 | 1 |

Names starting with 'JO" per million bables

Baby Name > jo
Press 'enter' to see exact matches.

50,000
40,000
Johathan 30,000
Jordan
20,000
Joseph
10,000

Josephine

1880s 1890s 1900s 1910s 1920s 1930s 1940s 1950s 1960s 1970s 1980s 1990s 2000s 2009

Click a name graph to view that name. Double click to read more about it.

Spring 2011 CS 7450 53

Filtering

Baby Name > joh| {3 Both {3 Boys { Girls 2009 rank: beys T IR IEA W %

EliSH000500/100 25| 1 |
Names starting with 'JOH' per million bables
40,000

30,000

20,000

10,000

1880s 1890s 1900s 1910s 1920s 1930s 1940s 1950s 1960s 1970s 1980s 1990s 2000s 2009
Click a name graph to view that name. Double click to read more about it.

Spring 2011 CS 7450 54

27



- -
Filtering
© Both O Boys { Girls 2009 rank: boys TR ESEE %

Baby Name > john
EliS000500(100] 25| 1 |

Press 'enter' to see exact matches.
Names starting with JOHN' per million bables

30,000

20,000

10,000

1880s 1890s 1900s 1910s 1920s 1930s 1940s 1950s 1960s 1970s 1980s 1990s 2000s 2009

Click a name graph to view that name. Double click to read more about it.

Spring 2011 CS 7450 55

Example

InfoZoom 56

Spring 2011 CS 7450

28



Example
— ¥

Faceted metadata

Attributes of datasets are grouped into
multiple orthogonal categories

Selecting a value from one filters on that
value and updates the items in other
categories

User explores data collection by series of
selections

Spring 2011 CS 7450 57

FacetMap

Video

Smith et al
TVCG *06

Spring 2011 CS 7450 58
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Dynamic Query

E—
Probably best-known and one of most
useful infovis techniques

Let’s explore more details...

Spring 2011 CS 7450 59

DB Queries .

Query language

Select house-address

From atl-realty-db

Where price >= 200,000 and
price <= 400,000 and
bathrooms >= 3 and
garage == 2 and
bedrooms >= 4

Spring 2011 CS 7450 60



DB Queries

ﬂ\ﬁ
Pros? Cons?
Powerful, flexible
Spring 2011 CS 7450 61

Typical Query Response -

124 hits found
1. 748 Oak St. - a beautiful ...
2. 623 Pine Ave. -

0 hits found

Spring 2011 CS 7450 62
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Further Cons n
I 1

Must learn language

Only shows exact matches

Don’t know magnitude of results

No helpful context is shown

Reformulating to a new query can be slow

Spring 2011 CS 7450 63

Dynamic Query )
Specifying a query brings immediate
display of results

Responsive interaction (< .1 sec) with
data, concurrent presentation of solution

“Fly through the data”, promote
exploration, make it a much more “live”
experience

Timesharing vs. batch

Spring 2011 CS 7450 64
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Dynamic Query Constituents
E—
Visual representation of world of action
including both the objects and actions
Rapid, incremental and reversible actions
Selection by pointing (not typing)

Immediate and continuous display of
results

Shneiderman
IEEE Software 94

Ahlberg & Shneiderman
CHI ‘94

Spring 2011 CS 7450 65

Imperfection

—
Idea at heart of Dynamic Query

There often simply isn't one perfect response
to a query

Want to understand a set of tradeoffs and
choose some “best” compromise

You may learn more about your problem as
you explore

Spring 2011 CS 7450 66
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DQ Examples

HomeFinder - Univ. of Maryland

Dynamic
HomeFinder
Reset Quit
Save | Print

Dist to A:

Dist to B:
Bedroons:
Cost:
Look at:
The yellow dots abouve are homes in the DC area for sale. Hse TH cnd
You nau get more information on a home bu selecting it. [0 [&e3)|
You may drag the A" and B’ distance markers to your Features:
offica or anu other lacation Yol want to 1ive nesr. :
Select distances, hedrooms, and cost ranges by Grg Fpl

dragging the corresponding slider boxes on the right.

Select specific home tupes and services bu pressing cac New

the labeled buttens on the riaht.

Spring 2011 CS 7450 67

FilmFinder

=
Popularity
=19

C. Ahlberg i
Maryland o e i

| |—

” - - ABCDFGHLM PR S T W2
m — = Actor : ALL
| |—
6 - 4B C D FGHIKLM PRS THZ
- = Actress : Pfeiffer, Michelle
- S AL =
ABCDFGHKLM PRS TWZ
® |*  Witches of Eastwick, The - Zrzsiori s S
IIIECCTH Miller, George Year: 1987 A
Country: USA Language: English 96 DRI W
4 | Actors: Actresses: 105 Length 231
S — ]
Nicholson, Jack Cher L 0 450
. Jenkins, Richard Sarandon, Susan Ratings I G _IPG
Joakum, Keith Pfeiffer, Michelle IPG-13® R
Struycker, Carel Cartwright, Verol E Films Shown: 210
2 > Iy
1960 1965 1970 1975 1980 1985 1990 1995 ch
»l.—— J4 Yearof Production Copyright (C) 1993 HCIL

|
[IBEE TEETN ICSHEE| Music | Action | [IWar | | ScicFi | Western | IEERE
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What Did We See?

—
Interface
buttons
sliders (nominal --> ordinal)
alphasliders
Spring 2011 CS 7450 69
Query Controls
S

Variable types
Binary nominal - Buttons
Nominal with low cardinality - Radio buttons
Ordinal, quantitative - sliders

Spring 2011 CS 7450 70
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Alphaslider

£

I

Goldfinger
- /
ABC DEFGHIJK L M N OP /QR S T UVW XYZ
Current
selection
Slider thumb
Slider area Index
Spring 2011 CS 7450 71
Rangeslider
L
0 / 100
Low selection
thumb High selection
Real data range thumb
Spring 2011 CS 7450 72
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Spotfire

Q) Spotfire Pro - SAPphamma - [Scatter Plot - Revenue vs. Netincome]

(@ File Edit View Options Tooks ‘window Hel

Ip

[_ D[]

o[-

2| Fuls] BPE =] o] (e 2]

Netlncame ¥
r Company (Al -
=
780 Bristobyers Squibh
¥ DiugDelivery
¥ Generic Diugs
850 PP PO S % Genonic Database
= | ¥ Laige Biotech
(o] Category
520 Armerican Home Produgts e et ezl
Eii Lily Pizer 1 % SkinCare
1% Small Biotech
30 Schefgugh ¥ Tissue Engnesiing
Wanalarb Reverus 891 5232
aner-Lambert
260 =] IET]
Amgen Bavter [nlemationsl
= Netincome 7.7 12423 |
130 Pharmacia LIpihr
Genentech
uran Pharmacsuticals Company et
0 . Category Large Phamaceuticals
- Fevenue 56
o Netincome 558
Shares 13031
0 0 0 0 0 0 PiicePeriales 7.8
= 0 EOD 1200 80 00 3000 w600 420 MatkelCap 1089717
ICi ] Revenus v | || TickerSmbol  PFE
13436, 558) | 25 out of 166 records wisible (15.06 %), 0 marked [ & 2

Spring 2011

CS 7450

Spotfire Features
5}

Starfield display
Tight coupling

features to guide the user
rapid, incremental, reversible interactions

Spring 2011

display invariants
continuous display

progressive refinement

details on demand

CS 7450
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Fun Application

———— | El Gt Yew Fawries Took beb
wback > % - D D) & Qsearch WFavrims Pieds | D- D~ I D

T cek phes cuarertly avabatle 1 your kcaton sppes sbave.
A% 00 st The oges w0 vers o 1, 1 PR Of prcnes.
ol decresse. it sy i, you can chck on o phone image, and
$pACHC IO KA 1t Fhone Wi sposs 1 945 o8 of
the page

38 of 72 phones for Marietta, GA shown

oubl viawng? Get frse FiasnPiayer & [ Emat This Pags | Backmark This Pags.

£ are after a¥ rebater and are for thore curtomars acHVatinG & raw line of Tarvice o1 & one of b40 yaar Coniract vith the festured
or requrad. and candibons appl of information i and

Brices can change wtout natice. EXIzting customers of & £pecfic cumer hould contact thew pravider for Bricng Information.

oot O 0138 M com L. B4 s e
www.myrateplan.com/cellphones

EN(
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Note quite DQ though

Another

G Lk Yem oy foomsls look b
° = € X [ el bhenie conydanand sowch potker =0 o 1[G P
) ot Vszed @ Getting Strted . Latest Headions 3, 7450 £ gnat (T Marmia 3 2 52 20 N Tiattc

Read about Blue Nie n: _ Businessiteek Forbes,com Seeaflorkd

DEmersid 026
DEmesig 037

Narrow Your Resul RESULTS: 10 Damircs
sale 5 s
en@enococen O BEmesa 02
price O DEmesis 024
O BEmenis 022
0 Demesd 025
O Demess 02
O DEmena 027
O Demessig 030
O DEmewa 032
[a]
o

‘Advanced Critaria

lengthAwidth rai

http://www.bluenile.com/diamond-search?track=dss
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DQ Pros

$i“§
?
Spring 2011 CS 7450 77
DQ Pros
iﬁ“g

Work is faster

Promote reversing, undo, exploration
Very natural interaction

Shows the data

Spring 2011 CS 7450 78
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DQ Cons

Spring 2011 CS 7450 79

DQ Cons )
Operations are fundamentally conjunctive

Can you formulate an arbitrary boolean
expression?
I(AL1V A2) A3V (A4V A5 ~AB)V ...

But do people really do this often?

Spring 2011 CS 7450 80
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DQ Cons N
—
Controls are global in scope

They affect everything

Controls must be fixed in advance

Spring 2011 CS 7450 81

DQ Cons \
A
Controls take space!
How much in Spotfire?

Put data in controls...

Spring 2011 CS 7450 82
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Data Visualization Sliders
I

\
Low selection High selection
thumb thumb

Data distribution

Eick
UIST ‘94

Spring 2011 CS 7450 83

DQ Cons

—
As data set gets larger, real-time
interaction becomes increasingly difficult

Storage - Data structures

linear array

grid file

quad, k-d trees

bit vectors
Tanin et al
InfoVis ‘97

Spring 2011 CS 7450 84



Brushing Histograms |
Y
Special case of brushing
Data values represented in histograms
that can be clicked on and selected
(controls region)
When items selected there, the

corresponding item(s) are highlighted in
main view windows

Spring 2011 CS 7450 85
BH Example
[ 5]
s . DataMaps
b ..
s, - gawland

,,,JL" .. VaTech
mm I Lllll:J

B

POPIT

Demo

Eo
T

E=]
m
=

Spring 2011 CS 7450 86

43



DQ vs. BH |
)

Empirical Study

Use DataMaps, a geographic (US states) data
visualization tool

Have participants do different tasks with both
methods

How many states have pop between x and y in 1970?
Given 3 states, which has the lowest median income?
What's the relationship between education and income?
List states with pops. 0->x and y->z.

What kind of a state is Florida?

Li & North
InfoVis ‘03

Spring 2011 CS 7450 87

Functioned more as its own

Findings infovis tool
%g&ﬁ
Brushing histograms better and more
highly rated for more complex discovery
tasks
Attribute correlation, compare, and trend
evaluation
Dynamic queries better for more simple
range specification tasks
Single range, multiple ranges, multiple criteria

Functioned more as auxiliary control for other vizs

Spring 2011 CS 7450 88
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BH versus DQ
5

BH DQ
Highlights data of Filters out unwanted
interest data
Allows multiple ranges Does single range
of selection query
Users interact directly Users interact with the
with data query (low,hi)
Displays query results Visualizes query
too (I/0) formulation (1 way)
Spring 2011 CS 7450 89

Spence & Tweedie

Att ri bute Exp I orer Inter w Computers ‘98

a6

Cost Bedroom
TN i
30K 500K

Journey time

Attribute histogram

All objects on all attribute scales
Interaction with attributes limits
Brushing across views

Color-encoded sensitivity

NN EEEEEN i
im 200m

Spring 2011 CS 7450 90
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DQ Disadvantage
Operations are global in scope
Can we do something to fix that...?

Spring 2011 CS 7450 91

Magic Lenses

%ﬂ

Madlan home price

@ [T
a

\\\\\\\\

.

B seacenca

_org %ean-, CA

taxes, par-capita O wweace Ca
fctl [ | - [ O sa- e, G
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7. Connect

—
“Show me related items”

Highlight associations and relationships

Show hidden data items that are relevant to
a specified item

e.g.,
Highlighting directly connected nodes in
Vizster

Brushing in InfoScope

Spring 2011 CS 7450 93

Highlighting Connections
Viewer may wish to examine different
attributes of a data case simultaneously

Alternatively, viewer may wish to view
data case under different perspectives or
representations

But need to keep straight where the data
case is
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Brushing
%
Applies when you have multiple views of
the same data

Selecting or highlighting a case in one
view generates highlighting the case in
the other views

Very common technique in InfoVis
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Example

InfoScope
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OK
%
Let’s take a step back and think about
representation & interaction again
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Supporting Representation
Interaction in many cases is vital to
representation

Provides useful perspective
Many, many examples:
Parallel coords, InfoZoom, anything 3D
Necessary for clarifying representation
Dust & Magnet
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Dust & Magnet

File Dust Magnet Snapshot Help
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Yi et al
Information Visualization ‘05
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Key Points

E—
Multiple views amplify importance of
interaction

Interaction facilitates a dialog between
the user and the visualization system
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HW 2
R 1Y

Discuss
Look at some example solutions
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HW 4
Many Eyes
Use it to create some visualizations
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Upcoming \
I )
Storytelling
Reading:
Segel & Heer ‘10

InfoVis Systems & Toolkits
Reading:
Ward chapter 14
Wattenberg et al ‘07
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