Interacting with Visualizations
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Introduction

We perceive objects in terms of the possibilities for action. (Affordance. Gibson, 1979.)

All man-made objects offer the possibility for interaction.

A static painting
Looking closer/further
Taking a photo




Interaction in Data Visualization -- Definition

The dialog between the user and the system as the user explores the dataset
to uncover insights. [Yietal., 2007]
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Norman's interaction model norwan, pA., 1988 The design of everyday things.



Gotz, D. and Zhou, M.X., 2009. Characterizing users' visual analytic activity for insight provenance. Information Visualization, 8(1), pp.42-55.
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Tasks & sub-tasks -- Semantically rich, but domain specific

Task: lIdentify key market insights to generate investment recommendations.

S1: Characterize the overall 52-week market trend in the technology sector.

S2: Identify the best and worst performing financial companies over the last 8
weeks.



Actions

Generic with respect to domains and tools,
yet semantically rich in terms of user intent.

For Sub-task 2,

A1: Query for 8 weeks worth of stock market data.

A2: Split companies by sector.

A3: Filter to show only the financial sector.

A4: Sort companies by their changes in stock price.

AS: Inspect the company with the greatest change in stock price to ask for more
details, such as financial reports.



Events -- Generic, but semantically poor

E1: mouse-drag to select all companies to be sorted.
E2: mouse-right-click to open a popup menu.
E3: menu-select to choose ‘Sort’ from a list of menu options.

E4 ...E8: keyboard-events to set sorting parameters (for example, choosing ‘price
change’ as the property to sort and then selecting the sorting order).

E9: mouse-click to submit the entered sorting parameters.



Yi et al., 2007. Toward a deeper understanding of the role of interaction in information visualization. TVCG

Seven categories of actions in data visualization

Select

Explore
Reconfigure
Encode

Abstract / elaborate
Filter

Connect



Select: mark something as interesting

Select action is coupled with other actions to enrich user exploration and

sscovery, o ®
Q Q




Yi, J.S., Melton, R., Stasko, J. and Jacko, J.A., 2005. Dust & magnet: multivariate information visualization using a magnet metaphor. Information visualization, 4(4), p.239.

Select: mark something as interesting
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Select to inspect the transition of an item over a period.

90 Color World Regions v

years

N ; ; | B

60 e " .‘ 7 AR OEERERY & - e R y - Salect | Search...

I | Afghanistan I

2¢ Albania

Algeria

Life expectancy

Andorra

Angola

Antigua and Barbuda

30 IAfghanistan1800].._... ‘.““
: _ : : : DESELECT

Size [ Population, total v

20 .....

: : : 3 : ‘ per person (GDP/capita, PPPS inflation-adjusted)
500 1000 2000 4000 8000 16k 32k 64k 128k Zoom o @ @ () {oo

Income v A DATA DOUBTS
® | ® & & ~ =
TRAILS ) (

https://www.gapminder.org/tools

W\



https://www.gapminder.org/tools

Explore: show me something else
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http://visualthesaurus.com

Ruotsalo et al., 2014. Intentradar: search user interface that anticipates user's search intents. CHI.

Explore: show me something else
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Louis Kratz, Matthew Smith, Frank J. Lee (Proceedings of the 2007 Conference on
Future Play, 2007-01-01)
gestures  hidden markov model interaction 3d gestures  gesture recognition
accelerometer games
Gesture based input is an emerging techn...

() Feature Representations for the Recognition of 3D Emblematic
Gestures
J Richarz, G A Fink (HUMAN BEHAVIOR UNDERSTANDING 2010-01-01)
3d dy ic g h ion smart rooms
t|me-senes analysis trapctoty gesturas interaction
In human-machine interaction, gestures p...

—. ) A gesture recognition system using 3D data

S Malassiotis, N Aifanti, M G Strintzis (FIRST INTERNATIONAL SYMPOSIUM ON 3D

= DATA PROCESSING VISUALIZATION AND TRANSMISSION, 2002-01-01)

o sign language  gesture recognition  classifier
In this paper a gesture recognition syst...

() Gesture as an Importam factor in 3D kinematic assessment of the knee
R Lavoie, M Laplante, N Duval, S Dore, J A de (KNEE SURGERY SPORTS
TRAUMATOLOGY ARTHROSCOPY, 2008-01-01)

knee kinematics gesture knee-bend variability gestures
Contradictions exist between studies of ...

John Payne Paul Kelr, Jooa/yn Elgoyhen Mayrghread McLundfe, Manm Nael
Martyn Horner, Paul Anderson (Proceedings of ACM CHI 2006 Conference on Human
Factors in Computing Systems, 2006-01-01)

spatial interaction  virtual reality mapping gestures video games interaction

3d interaction  3d gestures games
We describe preliminary tests that form ...
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http://www.youtube.com/watch?v=zOoFNpF6eFk

Parra, D., Brusilovsky, P. and Trattner, C., 2014, February. See what you want to see: visual user-driven approach for hybrid recommendation. In Proceedings of the international
conference on Intelligent User Interfaces (pp. 235-240). ACM.

Use sliders to adjust preferences and explore recommendations

Tune weights of the recommender methods: (b) 2. Can't see the forest for the trees? A citation recommendation system '@ (a)
- by C. Lee Giles, Cornelia Caragea, Adrian Silvescu, Prasenjit Mitra [see abstract
Most bookmarked papers Q)
G I 0.4 | 3. When thumbnails are and are not enough: Factors behind users '@
Similar to your favorite articles C’) by Dan Albertson FEEATEAL
08 l 7. Gendered Attifacts and User Agency ['@
Frequently cited authors in ACM DL ®@ I by Andrea R. Marshall, Jennifer A. Rode isee abstract
e EE—
8. Two Paths to Motivation through Game Design Elements: Reward-Based Gamification and
Update Recommendation List — Meaningful Gamification -©
by Scott Nicholson isee abstract
* Hover over circles to explore articles (C)
* Click on the diagram to highlight subsets 9. Automatic Identifying Search Tactic in Individual Information Seeking: A Hidden Markov Model
@ Articles in top30 Approach @
Similar to your © 0 0 © Articles notintop30 : i
favortts articies by Zhen Yue, Shuguang Han, Daging He 'see abstract
@ 0 00
@ 0000

11. Old Maps and Open Data Networks [-:g

by Werner Robitza, Carl Lagoze, Bernhard Haslhofer, Keith Newman, Amanda Stefanik isee abstract]
14. Effects of User Identity Information On Key Answer Outcomes in Social Q&A [-©
by Erik Choi, Craig Scott, Chirag Shah isee abstract]

. Ebooks and cross generational perceived privacy issues |-G
-Can't see the forest for the trees? [T EIECIER BIE N ER RN ERIELIES see abstrac]
A citation recommendation system

bookmarked papers

. Toward a mesoscopic analysis of the temporal evolution of scientific collaboration networks



Reconfigure: show me a different arrangement

Sort by: Best Match A
ltem 1

Best Match

ltem 2

ltem 3




Reconfigure: show me a different arrangement

To facilitate easy comparison of inter-column blocks.
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http://bl.ocks.org/marcdhansen/1ace92ea6344aa05bbac

Click an entity header to gather related rows and columns.
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http://vis.stanford.edu/jheer/projects/vizster/
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Encode: show me a different representation
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Perin et al., 2014. Revisiting bertin matrices: New interactions for crafting tabular visualizations. TVCG.

Encode: show me a different representation
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http://www.youtube.com/watch?v=tJxAF_a_yBQ
http://www.bertifier.com/

Life expectancy v

Change data encodings to uncover new aspects of relationships.
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https://www.gapminder.org/tools

Life expectancy v
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Drag a data parameter, and drop it to a visual variable to encode.
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Abstract / elaborate: show me less / more detail

o O

Q University of Helsinki
Faculty of Science
Department of Computer science




Abstract / elaborate: show me less / more detail

Mouseover / mouse
click to show details

on demand.
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http://www.youtube.com/watch?v=Bg_YvhBs1sg&t=57

Abstract / elaborate

The user’s intent varies between
a broad, contextual view;
individual data cases.

Position
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e
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Rao, R. and Card, S.K., 1995, May. Exploring large tables with the table lens. CHI.


http://www.youtube.com/watch?v=qWqTrRAC52U&t=38

Semantic zooming to view abstract / elaborate

https://observablehg.com/@d3/zoomable-treemap

World Population

https://observablehg.com/@d3/zoomable-sunburst
Zoomable Treemap Template

Zoomable Sunburst

Southern Asia

“«n
‘\‘ | |

Eastern Asia Western Asia

Americas
958,306,818
South America

Southern Europe
Northern Europe

Caribbean 5

Northern America

Open (2

o

Zoomable Treemap
Treemaps for visualizing hierarchical data. Click to zoom to the next level.
Click on the top orange band to zoom out. Based on Mike Bostock's

Zoomable Treemaps

This template follows pigshell's convention for "gist

templates”:
* ltis supplied data using postMessage(), as a single object of the form

[o) »
e { opts: {.}, data: [.] }
* It posts a message to the parent with an object of the form { height: <number> }to

enable the framing context to adjust the height of the iframe.

Click on any arc to zoom in. Click on the center circle to zoom out.
« [f the URL does not contain a hash fragment, it displays sample data from

A sunburst is similar to a treemap, except it uses a radial layout. The root node of the tree is at the
center, with leaves on the circumference. The area (or angle, depending on implementation) of each
arc corresponds to its value. Sunburst design by John Stasko. Data courtesy Jeff Heer.

the containing gist.


https://observablehq.com/@d3/zoomable-sunburst
https://observablehq.com/@d3/zoomable-treemap

https://www.airbnb.com

Filter: show me something conditionally

<« April 2018 May 2018 —

Su Mo Tu We Th Fr Sa Su Mo Tu We Th Fr Sa

3 4 5 6 7

G O 8 9 10 1 122 13 1
5 16 1 18 19 20 21 718 19

22 23 24 25 H 20 21 22 23 24 25 26

2r 28 29 30 31

Entire place
Have a place to yourself
Private room

Have your own room and share some common
spaces

Shared room

Stay in a shared space, like a common room


https://www.airbnb.com

Zoom and pan to filter

https://www.airbnb.com



https://www.airbnb.com
https://docs.google.com/file/d/19afw917bLftSYSOxKmbvgcCIdnRnext6/preview

Holz, C. and Feiner, S., 2009, October. Relaxed selection techniques for querying time-series graphs. UIST.

A single gesture interaction to filter data by patterns



http://www.youtube.com/watch?v=6iE3qkbXwBQ

Jetter, H.C., Gerken, J., ZdlIner, M., Reiterer, H. and Milic-Frayling, N., 2011, May. Materializing the query with facet-streams: a hybrid surface for collaborative search on
tabletops. In Proceedings of the SIGCHI Conference on Human Factors in Computing Systems (pp. 3013-3022). ACM.

Use physical object to support collaborative filtering.



http://www.youtube.com/watch?v=giDF9lKhCLc&t=40

Connect: show me related

MPG

items

Source: Michael Porath, Interaction, Feb 21, 2012

Weight Horsepower Cylinders

e e ——




Connect: show me related items

Linking & brushing to highlight the same items in other views.
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http://www.youtube.com/watch?v=Vyufi3vj3qc

Mouseover to highlight directly connected nodes.

|
|
|
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http://www.youtube.com/watch?v=Md3ySGr5a1c

Sciascio, C., Sabol, V. and Veas, E. uRank: Visual analytics approach for search result exploration. IEEE VAST, 2015.

Multiple categories of an action

Drag and drop to reconfigure documents and connect keywords to documents.

collaborative item rformance
Document Titles —_— )

Methods and Metrics for Cold-start Recommendations
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Amazon.com recommendations: Item-to-item
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Discovery-oriented collaborative filtering for improving...

0
-

A unified approach to building hybrid recommender
ems

*
w

A study of Top-N recommendation on user behavior data

Content-boosted collaborative filtering for improved
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lFJsing Hierarchical Graph Maps to Explain Collaborative

~

Evaluation of Item-Based Top-N Recommendation
Algorithms

~

~

Recommendation Algorithms

&
o

State-of-the-Art Recommender Systems

QGQQQOOOQQonsmon

Item Based Top-N Recommendation Algorithms

~

Novelty and Diversity in Top-N Recommendation --
Analysi...

66

Hybrid recommender systems: Survey and experiments

Tag-aware Recommender Systems by Fusion of
Collaborative...

e

Bilinear models for item recommendation based on t

(5]

(5]

Locally adaptive neighborhood selection for collaborativ...

Content-Based Recommendation Systems

o

Improving collaborative filtering recommendations
using ...

@ +11 Clustering-based diversity improvement in top-N
recommen...

0

@ +14 Explaining collaborative filtering recommendations




Sciascio, C., Sabol, V. and Veas, E. uRank: Visual analytics approach for search result exploration. IEEE VAST, 2015.



https://docs.google.com/file/d/18XasgocWqKDHNroIRD9B9LSkkV0OFv1s/preview

Fishkin, K. and Stone, M.C., 1995, May. Enhanced dynamic queries via movable filters. CHI.

Multiple categories of an action
A lens metaphor for encoding and elaborating.



http://www.youtube.com/watch?v=u1Pq_o67wvI

Seven categories of actions

Select: mark something as interesting

Explore: show me something else

Reconfigure: show me a different arrangement
Encode: show me a different representation
Abstract / elaborate: show me less / more detail
Filter: show me something conditionally
Connect: show me related items



Shneiderman, B., 2003. The eyes have it: A task by data type taxonomy for information visualizations. In The Craft of Information Visualization (pp. 364-371).

Information seeking mantra

Overview first, zoom and filter, details on demand
Overview first, zoom and filter, details on demand
Overview first, zoom and filter, details on demand
Overview first, zoom and filter, details on demand
Overview first, zoom and filter, details on demand
Overview first, zoom and filter, details on demand
Overview first, zoom and filter, details on demand




Overview first, zoom and filter, details on demand
Though there can be exceptions...

E.g. when the system knows your context X )
Espoo -°PP?"
Sy Helsinki
E.g. when the system jumps right into

uuuuuuuuu

Selection



Cockburn et al., 2009. A review of overview+detail, zooming, and focus+context interfaces. ACM Computing Surveys (CSUR), 41(1), p.2.

Navigation between focused and contextual views

Overview+detail
Zooming
Focus+context

Cue-based technique



Overview+detail: spatial separation

<> history.js Intro |

(eva_z){ : i File Edit View Insert Format Slide Arrange Tools Add-ons Help Last edit was 7 days ago
his.parent = hisVar.curVie

hisVar.curViewHis. children. —
postUpdateEffects(hisVar.cu LN Y I EC R

BW- O N\ - caibr - 12 - B T UA @ =- 12 E-E-8E X

(!$.isEmptyObject(hisVar R e
a'L'LNO.teEva( ); Use perception to amph{Y cﬂqr\mcr:
his.parent = hisVar.curNote: A
hisVar.curNoteAction.childre
postUpdateEffects(hisVar.cu

(hisvar: ursetactionaced ' Use perception to amplify cognition

hisVar.curSelectionAction.c

https://www.interaction-design.orgl/literature/book/the-encyclopedia-of-human-computer-interaction-2nd-ed/data-visualization-for-human-perception

his.parent = hisVar.curSele Buliaga of iakeaicn
. cl 2009 Sales (thousands of U.S. $)
P t) hisVar.firstSel :
Losthareo S tagiiiisEselee i Region Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Total
(interactionHistory. length Domestic 1,983 2343 2593 2,283 2574 2,838 2382 2634 2938 2739 2983 3,493 31,783
il:lteractionHistOI_'y.pusr_l(his) . Intemational 574 636 673 593 644 679 593 139 599 583 602 690 7,005
hisVar.curSelectionAction = h . - Total 2,557 2979 3,266 2,876 3,218 3517 2975 2773 3,537 3322 3,585 4,183 38,788
hisVar.possibleAddParent 5 Purposes of visualization -~ Decision making
2 = U.S. Dollars 2009 Sales
o - —— (thousands)
P— 4,000
3,500 Domestic
function addAction(entity){ — o - 3,000
var iAction = hisVar.possibleAd: Purposes of visualization - Decision making
var his 2,500
action: "add",
_id: getFormatedTime(), 2
entity: entity.entity, 1,500
type: entity.type,
1,000

parent: hisVar.curSelection o International

children: [I],

dataset: Object.assign({},
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Ma, J., Liao, I., Ma, K.L. and Frazier, J., 2012. Living liquid: Design and evaluation of an exploratory visualization tool for museum visitors. TVCG.

Spatial separation on z-coordinate



https://docs.google.com/file/d/1xHnzO8FxTS0G7eJMXzaGriOHUr3NUiuP/preview

Zooming: temporal separation
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Zooming: temporal separation

‘ tm _. ?Jz Ay
Base layer + item layer;
Note: good use of the
information seeking mantra.

https://mariandoerk.de/fluidviews/

Y T )



http://www.youtube.com/watch?v=WQPAmYTUWQU
https://mariandoerk.de/fluidviews/

Visual transitions between views help maintain context.

https://mariandoerk.de/pivotpaths/tib/


http://www.youtube.com/watch?v=Md3ySGr5a1c&t=50
https://mariandoerk.de/pivotpaths/tib/

Focus+context: displaying the focus within the
context in a single continuous view
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Fisheye limitations

Distortion of the view can cause

Misinterpretation of the underlying data;

Challenges in target acquisition.

\\\\\\\\

P Lines distort around

\ the center, leading to
ambiguity regarding
ocation and direction
-interpretation.

"""""""

The
White -~
House

sssssssssss

he lens displaces
items away from the
actual screen location

I I used to activate
T them.

oL %X

e X[ Ty

il =™

IR

(b) target movement caused by distortion. Items can be displayed at different locations
(middle rows) from the actual locations needed to select them (top and bottom rows)



http://senseable.mit.edu/visual-explorations-urban-mobility/



http://www.youtube.com/watch?v=P_XBL5hYiqQ
http://senseable.mit.edu/visual-explorations-urban-mobility/

https://philogb.qgithub.io/jit/static/v20/Jit/Examples/Spacetree/example1.html

Focus+context
Focused items shown in detail, other items summarized for context.



http://www.youtube.com/watch?v=wGwyQVFYeV4
https://philogb.github.io/jit/static/v20/Jit/Examples/Spacetree/example1.html

Focus+context for tree visualization
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http://www.youtube.com/watch?v=RTQ0N4QY0yc

Focus+context
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protected void show_scoreSheet (Player p, int gameNum) f...J

protected void enable_buttons {Plaver p, int gameNum) {
for (int but = CellCodes.0ONES; but <= CellCodes.CHANCE; hut++) {
it (p.getScoreCell{gameNum, but) < 0)
cats[hut].setEnabled{true);

¥
¥

protected void disahle_A11Cel1s () E:::E

protected void reset_board() E:::]

protected void clickScoreCell{int code, Match m) E:::j

private void attach_listener (final Button b, final int code, final Match m) E:::]
private TextField[] make_five_fields (int row) [...]

private void oneRow {final String Tahel, final int butCode, final Match m) E:::E

private void make_totals_rows(String s, int row) [{...]]

| »

[«]




Cue-based techniques: use visual cues to imply
focuses within context

(Welcome x| AIa} Mark recent edits
EFH AL B PP % AT EE e @ £ | within the code.

|»
| ]

= protected void show_scoreSheet (Player p, int gameNum) [...J]

protected void enable_buttons (Plaver p, int gamehum) {
for {int but = CellCodes.0ONES; but <= CellCodes.CHANCE; hut++) {
it (p.getScoreCell (gameNum, but) < 0)
cats[but].setEnahled{true);
b
I

protected void disable_s11Cells () f... 3

=

protected woid reset_board() [...]

3|

3|

protected void clickScoreCell(int code, Match m) [...J]

private void attach_listener (final Button b, final int code, final Match m) (...}

3|

&3]

private TextField[] make_five_fields (int row) f...J]

private void oneRow (final String label, final int butCode, final Match m) [{...]]

&3]

private void make_totals_rows(String s, int row) f...J

=




. Stefano Burigat, Luca Chittaro, and Silvia Gabrielli. 2006. Visualizing locations of
Cue-based techniques

off-screen objects on mobile devices: a comparative evaluation of three
approaches. MobileHCI '06
Where offscreen objects are located?
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Following slides credits: Baris Serim, University of Helsinki.

Alternative modalities

Most interaction techniques assume traditional work setting:

- 15-22" screen
- High positional accuracy and a single pointer (a mouse or touchpad cursor)

- Single user
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Alternative modalities

Most interaction techniques assume traditional work setting:

- 15-22" screen
- High positional accuracy and a single pointer (a mouse or touchpad cursor)
- Single user

Alternative settings pose new challenges and opportunities:

- Mobile and touch devices (smaller screen, fat finger, multi-touch)
- Alternative inputs (gaze, speech)
- Multi-user



Jetter, H.C., Gerken, J., ZdlIner, M., Reiterer, H. and Milic-Frayling, N., 2011, May. Materializing the query with facet-streams: a hybrid surface for collaborative search on
tabletops. In Proceedings of the SIGCHI Conference on Human Factors in Computing Systems (pp. 3013-3022). ACM.

Physical objects and touch to support collaborative filtering.



http://www.youtube.com/watch?v=giDF9lKhCLc&t=40

Multi-touch gestures for different actions
E.g., filter.
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Jeffrey M. Rzeszotarski and Aniket Kittur. 2014. Kinetica: naturalistic multi-touch data visualization. CHI



Kinetica helps users explore multivariate
data through physics-based interactions.



http://www.youtube.com/watch?v=7OYcGiKrmEg

Natural Language-Based Query Interface

eVviZa
find large earthquakes near California !/ Parse!
Visualization » Data Source P ¥ Autocomplete
Earthquakes in the US
!\
who: * o~
what: earthquakes = g e
when: 2000-2016
hare i i p @
where: United States: California, Nevada, ... PS " “
5 %
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g Lid
g
@
@
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iy
1 5 10 0 100 200 Leaflet | Map data © OpenStreetMap contributors, CC-BY-SA, Imagery © Mapbox
find magnitude of at least earthquakes within miles of California .

Vidya Setlur, Sarah E. Battersby, Melanie Tory, Rich Gossweiler, and Angel X. Chang. 2016. Eviza: A
Natural Language Interface for Visual Analysis. UIST '16.
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http://www.youtube.com/watch?v=0Dy7V6fIMQI

Pirolli, P., & Card, S. (2005, May). The sensemaking process and leverage points for analyst technology as identified through cognitive

task analysis. In Proceedings of international conference on intelligence analysis (Vol. 5, pp. 2-4).
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Recap

Seven categories of actions in data visualization
Select: mark something as interesting
Explore: show me something else
Reconfigure: show me a different arrangement
Encode: show me a different representation
Abstract / elaborate: show me less / more detail
Filter: show me something conditionally
Connect: show me related items

Information seeking mantra
Overview first, zoom and filter, details on demand



Recap

Focused and contextual views
Overviewtdetail: spatial separation
Zooming: temporal separation
Focus+context: displaying the focused within the context in a single
continuous view
Cue-based techniques: use visual cues to imply focuses within context
Alternative interaction modalities
Touch, speech...
The sensemaking process



