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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.                                                                         [Yi et al., 2007]

Norman's interaction model NORMAN, D.A., 1988. The design of everyday things.



Execution: Levels of user activities 

Gotz, D. and Zhou, M.X., 2009. Characterizing users' visual analytic activity for insight provenance. Information Visualization, 8(1), pp.42-55.



Tasks & sub-tasks -- Semantically rich, but domain specific 
   
Task: Identify 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.
A5: 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.



Seven categories of actions in data visualization
Select 
Explore
Reconfigure
Encode
Abstract / elaborate
Filter
Connect

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



Select: mark something as interesting
Select action is coupled with other actions to enrich user exploration and 
discovery.



Select: mark something as interesting
To keep track of items of interest even with 
changes of layouts.

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 to inspect the transition of an item over a period. 

https://www.gapminder.org/tools 

https://www.gapminder.org/tools


Explore: show me something else



http://visualthesaurus.com 

When a surrounding word is clicked, 
the word moves to the center and new 
related words appear around it. 

Explore related entities 

http://visualthesaurus.com


Explore: show me something else
Ruotsalo et al., 2014. Intentradar: search user interface that anticipates user's search intents. CHI.



http://www.youtube.com/watch?v=zOoFNpF6eFk


Use sliders to adjust preferences and explore recommendations

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.



Reconfigure: show me a different arrangement

Item 1

Item 2

Item 3



Reconfigure: show me a different arrangement

http://bl.ocks.org/marcdhansen/1ace92ea6344aa05bbac

To facilitate easy comparison of inter-column blocks. 

http://bl.ocks.org/marcdhansen/1ace92ea6344aa05bbac


Click an entity header to gather related rows and columns.



Reconfigure 
A slider to change the number of clusters.

http://vis.stanford.edu/jheer/projects/vizster/ 

http://vis.stanford.edu/jheer/projects/vizster/


Encode: show me a different representation



Encode: show me a different representation
Perin et al., 2014. Revisiting bertin matrices: New interactions for crafting tabular visualizations. TVCG.

http://www.bertifier.com/ 

http://www.youtube.com/watch?v=tJxAF_a_yBQ
http://www.bertifier.com/


Change data encodings to uncover new aspects of relationships.

https://www.gapminder.org/tools 

https://www.gapminder.org/tools


Change data encodings to uncover new aspects of relationships.



Drag a data parameter, and drop it to a visual variable to encode.



Abstract / elaborate: show me less / more detail

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.

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


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

Abstract / elaborate
The user’s intent varies between

a broad, contextual view;
individual data cases.

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


Semantic zooming to view abstract / elaborate
https://observablehq.com/@d3/zoomable-sunburst     https://observablehq.com/@d3/zoomable-treemap 

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


Filter: show me something conditionally

https://www.airbnb.com 

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


A single gesture interaction to filter data by patterns
Holz, C. and Feiner, S., 2009, October. Relaxed selection techniques for querying time-series graphs. UIST.

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


Use physical object to support collaborative filtering.
Jetter, H.C., Gerken, J., Zöllner, 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.

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


Connect: show me related items

Source: Michael Porath, Interaction, Feb 21, 2012



Connect: show me related items
Linking & brushing to highlight the same items in other views.

http://www.youtube.com/watch?v=Vyufi3vj3qc


Mouseover to highlight directly connected nodes.

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


Multiple categories of an action
Drag and drop to reconfigure documents and connect keywords to documents.

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



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


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

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

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



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

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).



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

E.g. when the system knows your context

E.g. when the system jumps right into 
insights. 



Navigation between focused and contextual views
Overview+detail

Zooming

Focus+context

Cue-based technique

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



Overview+detail: spatial separation



Spatial separation on z-coordinate

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.

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


Zooming: temporal separation



Zooming: temporal separation
Base layer + item layer;

Note: good use of the 
information seeking mantra.

https://mariandoerk.de/fluidviews/ 

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  



Fisheye limitations
Distortion of the view can cause

Misinterpretation of the underlying data;
Challenges in target acquisition.

Lines distort around 
the center, leading to 
ambiguity regarding 
location and direction 
interpretation.

The lens displaces 
items away from the 
actual screen location 
used to activate 
them.



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

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


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

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

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


Focus+context for tree visualization  

http://www.youtube.com/watch?v=RTQ0N4QY0yc


Focus+context



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

Mark recent edits 
within the code.



Cue-based techniques
Where offscreen objects are located?

Stefano Burigat, Luca Chittaro, and Silvia Gabrielli. 2006. Visualizing locations of 
off-screen objects on mobile devices: a comparative evaluation of three 
approaches. MobileHCI '06



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

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

Alternative settings pose new challenges and opportunities:

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



Physical objects and touch to support collaborative filtering.
Jetter, H.C., Gerken, J., Zöllner, 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.

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


Jeffrey M. Rzeszotarski and Aniket Kittur. 2014. Kinetica: naturalistic multi-touch data visualization. CHI

Multi-touch gestures for different actions
E.g., filter.



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


Vidya Setlur, Sarah E. Battersby, Melanie Tory, Rich Gossweiler, and Angel X. Chang. 2016. Eviza: A 
Natural Language Interface for Visual Analysis. UIST '16.

Natural Language-Based Query Interface



http://www.youtube.com/watch?v=0Dy7V6fIMQI


Sensemaking Process

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).

Bottom-up processes
    2: collect documents/information into the 
showbox
    5: extract evidence to draw inferences, 
support or disconfirm a theory
    8: organize raw evidence
    11: build a case by gathering evidence to 
support or disconfirm a hypothesis
    14: present the case to the audience
Top-down processes
    15: feedback from audience may require 
re-evaluate the theory
    12: re-examine the organization of facts
    9: re-examine, search for more evidence
    6: search for new patterns
    3: dig deeper into raw data



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

Overview+detail: 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

 


