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VISUALIZATION
https://www.piqsels.com
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“CRITICAL 
THINKING 

WITH DATA”
(and sometimes enjoyment & reminiscence)



Why Visualization

• We are very good at recognizing visual patterns

• We need to see and understand in order to explain, reason, and make decisions

→ use of interactive computer-supported visual representations of data [Card et al.99]

4Petra Isenberg, Equipe Aviz

graphs / hierarchies

common examples

charts maps



RESEARCH CHALLENGES
in Visualization
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Visualization as a Research Field

• Tools for visualization creation

6



Visualization as a Research Field

• Tools for visualization creation

• New data encoding techniques
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Treemap
ca. 1990/91

Horizon Charts
2005



Visualization as a Research Field

• Tools for visualization creation

• New data encoding techniques

• Generate empirical knowledge from user studies
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Visualization as a Research Field

• Tools for visualization creation

• New data encoding techniques

• Generate empirical knowledge from user studies

• Applications for visual analytics support 
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Visualization as a Research Field

• Tools for visualization creation

• New data encoding techniques

• Generate empirical knowledge from user studies

• Applications for visual analytics support 

• Visualization frameworks, models, and theories

10



b
y 

C
h

ri
s 

o
n

 F
lic

kr

Most of VIS research



Data analysis software, simple statistics, …

visualization



Tools for experts…

visualization



Most work in community 

Desktop computing

Focused data analysis

Domain expert audiences

My work 

Ubiquitous settings

In-situ and quick information needs

General audiences

Positioning in the Visualization Community
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Visualization in Motion: with Lijie Yao, Anastasia Bezerianos, Romain Vuillemot
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Smartwatches

• Smartwatches are data dashboards

• Information design is based on no empirical foundations

• Past research mostly about:
• technical capabilities of smartwatches (sensors, batteries,…)

• interaction techniques, or

• their role in people’s life

16



NEW CHALLENGES
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DISPLAY SPACE
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MICRO
VISUALIZATIONS

Design and Analysis of Visualizations for 
Small Display Spaces

The State of the World’s Forests: Forests, Biodiversity and People 
Authors: UN Environment Programme (UNEP), Food and Agriculture Organization of the United Nations (FAO) 19



WHAT ARE MICRO VISUALIZATIONS?

“micro visualizations are small-scale visualizations”

20



1cm
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~10m x 7m
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WHAT ARE MICRO VISUALIZATIONS?

“micro visualizations are small-scale visualizations that fit roughly into 
foveal vision”

https://en.wikipedia.org/wiki/Eye_movement_in_reading23



BUT…

…it is too early to discuss precise size ranges

The effect of reducing visualizations in size is still too poorly understood
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Still limited evidence
On the effect of shrinking visualizations
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Larger stimuli → faster responses

0.061 25°, 0.1225°, and 0.245°
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participants reacted faster to notifications shown as larger circles
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small chart heights negatively affected 
accuracy and speed of data comparison 

smaller size had a greater impact on the 
filled line charts than on the Horizon 
Graphs
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~ 3.3°–9°

no clear evidence of a difference
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The Complexity of Micro Visualizations
As a display space challenge
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COMPLEXITY

• External

• Interaction

• Mediated

• Internal (not here)
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EXTERNAL Complexity
(apparent & real)
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INTERACTION Complexity
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MEDIATED Complexity
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SITUATEDNESS
Situated and Embedded Data Representation
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DATA

39

PEOPLE OBJECTS LOCATIONS
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Visualization about oneself or one’s 
surrounding on wearable device

= situated / embedded visualization
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Mobile Visualization Design:
An Ideation Method to Try

Sheelagh Carpendale, Simon Fraser University

Petra Isenberg, Université Paris-Saclay, CNRS, Inria, LISN

Charles Perin, University of Victoria

Tanja Blascheck, University of Stuttgart

Foroozan Daneshzand, Simon Fraser University

Alaul Islam, Université Paris-Saclay, CNRS, Inria, LISN

Katherine Currier, University of Calgary

Peter Buk, Victor Cheung, Lien Quach, Laton Vermette, Simon Fraser University

Slide by Alaul Islam 42



Research Methodology

● Explored the city of Stuttgart, Germany in a 
large team

● Stopped at each sight after 30 minutes

● Evaluated our information needs in the 
current situation

● Sketched a visualization on a prop

● Pairs of team members discussed their 
ideas and added comments, adjustments or 
variations to their notes and sketches

Slide adapted from Alaul Islam 43



Visualization designs 
for smartwatches

47

44
Slide adapted from Alaul Islam



Data and Watch Functions

45

52%
Watchfaces

48%
Apps

https://osf.io/vhn43/



Information Needs

Additional context-specific information

Tracking information from activities

Reminders, todos
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Data Representations

Many bespoke visualizations using known techniques

47

Bar chart

Stripe chart/1D matrix

Map with icons

Visualizations beyond the display



What did we learn about 
smartwatch visualizations?

• We can do better than transfer from large 
to small

• Visualizations adapted to entire device

• Time is a critical feature

• Information needs based on context
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Visualizing Information on Watch Faces: 
A Survey with Smartwatch Users

A survey paper

Islam et al, IEEE Visualization (VIS), 2020 Short Paper 

Slide from Alaul Islam 49



Survey with smartwatch wearers

about their current watch face

Methodology

Slide from Alaul Islam 50



• 237 valid responses

• On average 5 different data 

items displayed on watch face

Slide from Alaul Islam

General Findings
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Step count

Heart rate
Calories burned

Stairs climbed

Distance traveled

Sleep info

Blood pressure

Health

Which data types do people show on their 
watch faces?

Slide from Alaul Islam 52



Data with different representation types

53Pulsating heart icon: cliply.co Slide from Alaul Islam

very rare 



What did we learn about 
smartwatch visualizations?

• Charts are rare
• why?

• Icons are very common
• Can we use them for visualization?

• Smartwatches show lots of data in small space
• Can we read multiple items?

• How quickly can we read them?

• How should they be arranged?
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QUICK GLANCES
Perception
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Research Questions
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How fast can visualizations be read?

How accurately can small visualizations be read?

Slide from Anastasia Bezerianos



Slide from Anastasia Bezerianos 57



Slide from Anastasia Bezerianos 58



Preparing for Perceptual Studies:

Position and Orientation of Wrist-
worn Smartwatches for Reading 

TasksTanja Blascheck
Anastasia Bezerianos
Lonni Besançon
Bongshin Lee
Petra Isenberg
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Workshop on Data Visualization on Mobile Devices held at ACM CHI, 2018



How to find the right setup?

Ran our own study

for seated participants
for standing participants

Slide from Anastasia Bezerianos 60



50° ± 14°

10° ± 8°

28cm ± 5cm

61

Model
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Glanceable Visualization: Studies of Data 
Comparison Performance on Smartwatches
Tanja Blascheck, Lonni Besançon, Anastasia Bezerianos, Bongshin Lee, and 
Petra Isenberg

InfoVis 2018
63
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TASK

Data comparison
“Which bar is higher” ?
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Which target is larger?

Input pleaseLeft
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Which target is larger?

Input pleaseRight
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Which target is larger?

Input pleaseLeft
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Which target is larger?

Input pleaseLeft
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Which target is larger?

Left

75



76



Which target is larger?

Input pleaseRight
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Which target is larger?

Input pleaseRight
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Which target is larger?

Input pleaseRight
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Which target is larger?

Input pleaseLeft
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Results

84
error bars are 95% CIs

ms

ms

ms
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What did we learn about smartwatch visualizations?

• People can perform comparison task VERY 
quickly with bar and donut charts
• What about other tasks?

• What about smaller visualizations?

• …even relatively “complex” visualizations
• Are there thresholds?

• What about more complex contexts?

86



Studies of Part-to-Whole Glanceable Visualizations 
on Smartwatch Faces
Tanja Blascheck, Lonni Besançon, Anastasia Bezerianos, Bongshin Lee, Alaul Islam, Tingying He, Petra Isenberg

87

PacificVis 2023



Reading Multiple Representations at Once

Can this be done at a glance?

How does the representation type matter?

How does the complexity of the watch face matter?

How does the viewing angle matter?
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Task

In how many fitness categories have you reached >66% of your goal?

89

1,092

calories

41

min

7,207

steps
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Results

91

318ms, 24% error

397ms , 26% error

503ms , 31% error

slower & more errors than

slower & more errors than (but difference is very small)

slower & more errors than



Results

92

slower & more errors thanMost visually pleasing



Exp 2: Does an analog watch face distract?

93

330ms, 27% error

452ms, 25% error

slower but fewer errors (but error difference is very small)

+55ms

+12ms

Not really



Exp 3: Impact of viewing angle
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Exp 3: Results

• No evidence of a difference for bar charts

• Radial charts slower & more error at 0°
but diffs are practically small
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What did we learn about smartwatch visualizations?

• Simple tasks can be quickly done (<500ms) even for many dimensions with 
bars/donuts

• Analog watchface distracts only slightly

• The angle matters only slightly

96



Conclusion: That’s good news!

Micro Visualizations* have a lot of potential for smartwatches

Use them! 

97

*“micro visualizations are small-scale visualizations that fit roughly into 
foveal vision”



MOTION
Situated and Embedded Data Representation

98



People are often moving 
when looking at 
situated visualizations

99



What do we know about how to 
design visualizations under motion?
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ALMOST NOTHING 

101



ALMOST NOTHING ☺

102



103

Visualizations in motion are visual data representations used 

in contexts that exhibit relative motion between a 

viewer and an entire visualization

Petra Isenberg, Equipe Aviz



Visualizations in Motion
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Stationary Moving

Stationary Desktops Wall Displays

Moving Video Tracking Wearables

Viewer
V
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Petra Isenberg, Equipe Aviz



Visualizations in Motion
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Stationary Moving

Stationary Desktops Wall Displays

Moving Video Tracking Wearables

Viewer
V

is
ua

liz
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Data Physicalization

User Interaction

AR / VR

AR / VR

Mobile DataVis

AR / VR



Research Agenda

Building empirical foundations 
regarding the impact of…

• Characteristics of Motion

• Situation, context, design

• Spatial relationships

• Technology

106

IEEE TVCG, 2022
ANR Grant Ember



Specific Research Questions

How accurately can people read visualization under motion?

107





01 Motion factors matter
Both speed and trajectory have an impact on the 
readability of moving simple charts

Trajectory

Speed



02Higher speed and irregular trajectories generally 
lead to more errors

Speed and trajectory impact

Trajectory

Speed



03
Can get reliable information
People can read close to exact answers and got 
reliable information from moving charts

Trajectory

Speed



04Participants’ performance was slightly worse on bar chart

Donut chart would be a better choice

Trajectory

Speed
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What did we learn about smartwatch visualizations?

• Ideation:
• Context matters, time matters, bespoke visualizations

• Current practices:
• Health data of primary interest

• Generally “low” external complexity

• Perception:
• People can read vis quickly under motion and in small size

114

Many untapped opportunities for visualizations on wearables



Summary

Visualization 
in Motion

Mobile Data 
Visualization

115

Empower the general public to use / understand data

Advance scientific knowledge

Establish new research directions

General 
audiences

In-situ and quick 
information needs

Ubiquitous settings
ubiquitous visualization

Methodologies



IMMERSIVE ANALYTICS

PERSONAL VISUALIZATION

SITUATED DATA VISUALIZATION

MOBILE VISUALIZATION

Ubiquitous Visualization



HOW IMPORTANT IS DISPLAY TECHNOLOGY TO 
US?

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

117http://pixabay.com/en/technology-informatics-computers-298256/



ABSOLUTELY

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

118http://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…

119
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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
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