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Information
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My thesis advisor







Collaborative 
Information Visualization

vs.

Computer Supported 
Collaborative Work

What’s the relationship?



Information Visualization
vs.

Human-Computer Interaction
What’s the relationship?



Visualization
vs.

Human-Computer Interaction
What’s the relationship?



Really?
Isn’t it obvious?



Vernier et al, 2002



Shen et al, 2003



TouchLight, Wilson, 2004



Benko et al., 2006



Petra Isenberg

20

https://www.youtube.com/watch?v=X-GXO_urMow#t=408
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https://www.youtube.com/watch?v=X-GXO_urMow#t=408



It’s different
But how?





Visualization

HCI

“Vis is a subfield of HCI”





VisualizationHCI
VIS

“What part of HCI is not 
relevant to visualization?”



VISHCI

“Each area has its specialties”



“the paper does seem to be more at home at an HCI venue”
[review quote from an IEEE VIS paper]



WHAT IS
VISUALIZATION?

29
Isenberg et al.: Visualization as Seen Through its Research Paper 

Keywords
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Isenberg et al.: Visualization as Seen Through its Research Paper 
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Source Wikipedia
http://sepans.com/sp/psots/wiki_category/
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Isenberg et al.: Visualization as Seen Through its Research Paper 
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Isenberg et al.: Visualization as Seen Through its Research Paper Keywords 34



data – IEEE VIS conference 1990-2015

2431 papers 4319 unique
keywords

3952 unique
cleaned keywords

180 topics
14 categories

35

CLEANING CODING

Isenberg et al.: Visualization as Seen Through its Research Paper Keywords





volume rendering, modeling, & vis (14% of papers)

interaction techniques – general (11% of papers)

graph/network data & tech (8% of papers)

evaluation – general (8% of papers)

biomedical science & medicine (8% of papers)

MOST COMMON TOPICS

38
Isenberg et al.: Visualization as Seen Through its Research Paper 

Keywords



SIGNIFICANT TEMPORAL TRENDS

39
Isenberg et al.: Visualization as Seen Through its Research Paper 

Keywords



OVERLAP AREAS

Design
Evaluation
Interaction



A MAIN DIFFERENCE

Vis focused on data & discovery*

* ”discovery” in a broad 
sense of the term



OPPORTUNITIES
FOR JOINT WORK

let’s not dwell on differences but look at what can be created



EMERGING AREAS IN VIS
and opportunities for collaboration in HCI



DATA 
PHYSICALIZATIONS
“A data physicalisation (or simply physicalization) is a physical artifact 

whose geometry or material properties encode data”

Yvonne Jansen, Pierre Dragicevic, Petra Isenberg, Jason Alexander, Abhijit Karnik, Johan Kildal, Sriram 
Subramanian, Kasper Hornbæk. Opportunities and Challenges for Data Physicalization. CHI 2015 -
Proceedings of the SIGCHI Conference on Human Factors in Computing Systems. ACM, 2015.



DATA PHYSICALIZATION
ORBACLES

http://minnlab.squarespace.com/orbacles/



DATA PHYSICALIZATION
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DATA PHYSICALIZATION
ORBACLES

http://minnlab.squarespace.com/orbacles/



DATA PHYSICALIZATION

http://minnlab.squarespace.com/orbacles/





http://minnlab.squarespace.com/orbacles/
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Max Perutz ~1968: 
Constructing the hemoglobin molecule
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Tangible Uis

SandScape device installed in the Children's 
Creativity Museum in San Francisco

http://tangible.media.mit.edu/project/sandscape/
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http://www.cs.cmu.edu/~akhurst/publications/holstius04-infotropism.pdf
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FABRICATION

By Grup de recerca de la Universitat de Columbia - https://www.creativemachineslab.com/digital-food.html, CC BY-SA 4.0, https://commons.wikimedia.org/w/index.php?curid=84202502



Open Opportunities
help people think about, explore, and share data

(not a complete list)

61



Build enabling technologies
(for making data physicalizations)





Build enabling technologies
(for physical data exploration and manipulation)



Mathieu Le Goc, Lawrence Kim, Ali Parsaei, 
Jean-Daniel Fekete, Pierre Dragicevic, Sean 
Follmer. Zooids: Building Blocks for Swarm 
User Interfaces. UIST 2016

https://hal.inria.fr/hal-01391281/document
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67VIS 2019



Refocus on output and 
exploration 

(rather than input and manipulation)
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First focus on visual feedback



REFERENCES
to get started on Data Physicalization

Pierre Dragicevic, Yvonne Jansen, Andrew Vande Moere. Data Physicalization. Jean Vanderdonckt.
Springer Handbook of Human Computer Interaction, Springer, 2020
https://hal.inria.fr/hal-02113248v2

Yvonne Jansen, Pierre Dragicevic, Petra Isenberg, Jason Alexander, Abhijit Karnik, Johan Kildal, Sriram 
Subramanian, and Kasper Hornbæk. Opportunities and Challenges for Data Physicalization. CHI 2015
https://hal.inria.fr/hal-01120152

https://hal.inria.fr/hal-02113248v2
https://hal.inria.fr/hal-01120152


SITUATED & 
EMBEDDED
VISUALIZATION
“representations of data that are deeply integrated with the physical spaces, 

objects, and entities to which the data refers”

Wesley Willett, Yvonne Jansen, Pierre Dragicevic. Embedded Data Representations. IEEE Transactions on Visualization and Computer 
Graphics, Institute of Electrical and Electronics Engineers, 2017, pp.461 - 470. ?10.1109/TVCG.2016.2598608
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Data analysis software, simple statistics, …

visualization



Tools for experts…

visualization



DATA
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PEOPLE OBJECTS LOCATIONS
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http://www.cs.cmu.edu/~akhurst/publications/holstius04-infotropism.pdf
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Image: DRIBBLE UP 



RFIG Lamps (Raskar et al., 2004)
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Data Jewelery
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https://dl.acm.org/citation.cfm?id=1518871


Bridging physical and digital worlds

89



Open Opportunities
help people think about, explore, and share data

(not a complete list)
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When should embedded visualizations be used and in 
what ways might they be superior to or preferred over 
non-embedded visualizations?



Build enabling technologies
(for making situated visualizations)



PERSONAL FABRICATION

CurveBoards, 2020



Understanding experiences
with situated visualizations



Situated vs. non-situated experiences
Perception
Design



REFERENCE
to get started on Embedded and Situated Visualization

Wesley Willett, Yvonne Jansen, Pierre Dragicevic. Embedded Data Representations. IEEE Transactions on 
Visualization and Computer Graphics, Institute of Electrical and Electronics Engineers, 2017, pp.461 - 470. 
10.1109/TVCG.2016.2598608



IMMERSIVE 
ANALYTICS
using VR/AR for data exploration and discovery



98

“Immersive Analytics investigates how new interaction and display 
technologies can be used to support analytical reasoning and decision 
making.”

= a technology-based definition

Chandler, T., Cordeil, M., Czauderna, T., Dwyer, T., Glowacki, J., Goncu, C., et al. (2015). “Immersive 
analytics,” in 2015 Big Data Visual Analytics (BDVA), (Hobart, TAS: IEEE), 1–8.



Workshops on Immersive Analytics

• IA 2016

• IEEE BDVA 2016/17

• IEEE VR 2016

• ACM ISS 2016

• IEEE VIS 2017

• ACM CHI 2019

• ACM CHI 2020
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2016
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“Immersive Analytics is the use of engaging, 
embodied analysis tools to support
data understanding and decision making”
[Dwyer, Marriott, Isenberg, Klein, Riche, Schreiber, Stuerzlinger, Thomas: Immersive Analytics: An Introduction. In: Immersive Analytics, 2018] 



104

Immersive analytics is the science of analytical 
reasoning facilitated by immersive human-computer 
interfaces.

• Analytical reasoning: computer-aided analytical reasoning as a partner with the human; foraging & 
sensemaking.

• Immersive human-computer interfaces: enable a user to interact with a system using additional or more-
immersive displays and user interface techniques.

[Skarbez, Polys, Ogle, North, Bowman; Immersive Analytics: Theory and Research Agenda, Frontiers in Robotics and AI , 2019]



Why?

Some Potential Benefits:

• Space to Think
• Spatial understanding

• Rich interactions with data possible

• Rich sensory experiences with data

105



106[Andrews et al. “Information Visualization on large, high-resolution displays: Issues, challenges, and opportunities”, Information Visualization, 2010]
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Image credit: https://www.makeuseof.com/tag/virtual-reality-desktops-save-money-space/



Responsive Workbench (1994)

• required glasses & gloves
multi-user

• visualization applications

109

Krüger, W., Fröhlich, B. 
The Responsive Workbench
IEEE Computer Graphics and Applications, 14(3), pp. 12-15, 1994



Fishtank VR

110
Ware et al.: 1993. Visualizing object oriented software in three dimensions. 

In Conference of the Centre for Advanced Studies on Collaborative research: software engineering - Volume 1 (CASCON '93). IBM Press, 612–620.



111

A. Fonnet and Y. Prié, "Survey of Immersive 
Analytics," in IEEE Transactions on Visualization 
and Computer Graphics, doi: 
10.1109/TVCG.2019.2929033.



ImAxes

112[Cordeil et al. 2017. ImAxes: Immersive Axes as Embodied Affordances for Interactive Multivariate Data Visualisation. UIST]
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https://github.com/MaximeCordeil/IATK



114IEEE VIS 2020
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Open Opportunities
help people think about, explore, and share data

116



117

Why should immersive technologies be used for visual 
analytics, and in what ways might they be superior to or 
preferred over other systems?

[Skarbez, Polys, Ogle, North, Bowman; Immersive Analytics: Theory and Research Agenda, Frontiers in Robotics and AI , 2019]



Immersive Data Stories
(Immersive Visual Storytelling with Data)



http://graphics.wsj.com/3d-nasdaq/
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What is the role of the presentation medium?

To what extent are references to the “real-world” necessary?

Can we create emotional involvement?

121
[Immersive Visual Data Stories. Isenberg et al. in “Immersive Analytics”, 2019]



Design
(how much immersive technology do we actually need)



123
https://www.youtube.com/watch?v=fP-7rhb-qMg created by Wayne Lytle in 1993 at the Cornell Theory Center



Interaction with Data
in 3D Immersive Spaces



125



REFERENCES
to get started on Immersive Analytics

Immersive Analytics [Book]
edited by Kim Marriott, Falk Schreiber, Tim Dwyer, Karsten Klein, Nathalie Henry Riche, Takayuki Itoh, Wolfgang 
Stuerzlinger, Bruce H. Thomas 2018

Immersive Analytics: Theory and Research Agenda, 
Skarbez, Polys, Ogle, North, Bowman; Frontiers in Robotics and AI , 2019

Survey of Immersive Analytics, 
Fonnet and Prié, in IEEE Transactions on Visualization and Computer Graphics, doi: 10.1109/TVCG.2019.2929033.



DATA PHYSICALIZATION

IMMERSIVE ANALYTICS

SITUATED VISUALIZATION

PERSONAL DATA VISUALIZATION

MOBILE VISUALIZATION



HOW IMPORTANT IS DISPLAY TECHNOLOGY TO 
US?

should we care about the latest and greatest display technology...

128http://pixabay.com/en/technology-informatics-computers-298256/



ABSOLUTELY

should we care about the latest and greatest display technology...

129http://pixabay.com/en/technology-informatics-computers-298256/



http://pixabay.com/en/technology-informatics-computers-298256/

WHAT THE FUTURE OF DATA EXPERIENCES WILL 
BE LIKE!

Together we can shape…

130
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UNDERSTAND DATA
TO NAVIGATE THE(IR) WORLD

we need to empower people to…

http://photos.jdhancock.com/photo/2012-06-14-051220-universal-hulk.html



BENEFITS OF JOINT HCI+VIS WORK

• new audiences 
(e.g. personal analytics, larger audiences, …)

• new social settings

• novel interactions

• more pixels (or less!)

• new constraints → inspiration!

132
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Extra Slides
…just in case…



ACKNOWLEDGE THE PHYSICAL 
WORLD

SITUATED VISUALIZATIONS

136https://vimeo.com/226488668



“everything is related to everything else, but near things are more related 
than distant things”

137



• In-situ data analysis (Ens & Irani) 
“access to situationally appropriate data at an ideal time and place”

• Situated visualization (Vande Moere & Hill 2012)
“embedded in a real-world, physical environment”

• Situated visualization (White 2009)
“a visualization that is related to its environment”
“based on the relevance of the data to the physical context”

138



“representations of data that are deeply integrated 
with the physical spaces, objects, and entities to 

which the data refers”

139
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Photo by rawpixel.com from Pexels

https://www.pexels.com/@rawpixel?utm_content=attributionCopyText&utm_medium=referral&utm_source=pexels
https://www.pexels.com/photo/two-women-and-one-man-sitting-in-front-of-window-using-smartphones-1353350/?utm_content=attributionCopyText&utm_medium=referral&utm_source=pexels
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Photo by rawpixel.com from Pexels

https://www.pexels.com/@rawpixel?utm_content=attributionCopyText&utm_medium=referral&utm_source=pexels
https://www.pexels.com/photo/two-women-and-one-man-sitting-in-front-of-window-using-smartphones-1353350/?utm_content=attributionCopyText&utm_medium=referral&utm_source=pexels
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Raja et al.: Exploring the Benefits of Immersion in Abstract Information Visualization. 
Immersive Projection Technology Workshop, 2004.


