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• Data Visualizations of Science 

• The Science of Data Visualization

• Open Challenges  

Overview 



Atlas Trilogy   
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https://mitpress.mit.edu/books/atlas-forecasts
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http://scimaps.org

http://scimaps.org/


Places & Spaces: Mapping Science Exhibit
1st Decade (2005-2014) 2nd Decade (2015-2024)

Maps Macroscopes

http://scimaps.org
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http://scimaps.org/


VII.6 Stream of Scientific Collaborations Between World Cities - Olivier H. Beauchesne - 2012
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V.7 A Topic Map of NIH Grants 2007 - Bruce W. Herr II, Gully A.P.C. Burns, David Newman, and Edmund Talley - 2009
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I.10 The Structure of Science - Kevin W. Boyack and Richard Klavans - 2005



9II.8 Taxonomy Visualization of Patent Data - Katy Börner, Elisha F. Hardy, Bruce W. Herr II, Todd Holloway, and W. Bradford Paley - 2006



III.8 Science-Related Wikipedian Activity - Bruce W. Herr II, Todd M. Holloway, Elisha F. Hardy, Katy Börner, and Kevin Boyack - 2007
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VII.10 History of Science Fiction - Ward Shelley - 2011





http://idemo.cns.iu.edu/macroscope-kiosk

http://idemo.cns.iu.edu/macroscope-kiosk
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Smelly Maps – Daniele Quercia, Rossano Schifanella, and Luca Maria Aiello – 2015
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Megaregions of the US –Garrett Dash Nelson and Alasdair Rae – 2016
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http://scimaps.org
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http://scimaps.org/


Call for Macroscopes: 19th Iteration
What to Submit

• Each entry needs to include:

• Title of macroscope

• Author(s) name, email address, affiliation, mailing address

• Link to online site that features the macroscope tool or to 
executable code

• Macroscope tool description (300 words max): user group 
and needs served, data used, data analysis performed, 
visualization techniques applied, and main insights gained

• References to relevant publications or online sites that 
should be cited, links to related projects or works

• Tell us about the impact your data visualization has had on 
public awareness, social policy, or political action.

21

https://scimaps.org/call

Review Process
Submissions will be reviewed and evaluated 
by the exhibit advisory board (listed below) 
in terms of their:
• Scientific rigor
• Value as a tool for data exploration
• Ability to provide new, actionable insights
• Relevance for a general audience

Important Dates
• Submissions due: Feb 15, 2023
• Notification to mapmakers: April 1, 2023
• Submit final entries: May 30, 2023
• Iteration ready for display: August 31, 

2023

https://scimaps.org/call
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https://mitpress.mit.edu/books/atlas-forecasts

https://mitpress.mit.edu/books/atlas-forecasts
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https://mitpress.mit.edu/books/atlas-forecasts

https://mitpress.mit.edu/books/atlas-forecasts


Atlas of Forecasts: Models of (Desirable) Futures   
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https://cns-iu.github.io/workshops/2022-03-14-futurium

https://cns-iu.github.io/workshops/2022-03-14-futurium




Indiana University Bloomington will host the
International Society of  Scientometrics & Informetrics
Conference (ISSI)
July 2-5, 2023

https://cns-iu.github.io/workshops/2023-07-02_issi/





https://humanatlas.io/events/2022-24h

Dec 10, noon – Dec 11, noon ET, 2022

https://humanatlas.io/events/2022-24h
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• Data Visualizations of Science 

• The Science of Data Visualization

• Open Challenges  

Overview 



Data Visualization Literacy
Börner, Katy, Andreas Bueckle, and Michael Ginda. 2019. Data visualization literacy: Definitions, 

conceptual frameworks, exercises, and assessments. PNAS, 116 (6) 1857-1864.

Börner, Katy (2015) Atlas of Knowledge: Anyone Can Map. The MIT Press. 



Data Visualization Literacy (DVL)
Data visualization literacy (ability to read, make, and explain data visualizations) 
requires:
• literacy (ability to read and write text in titles, axis labels, legends, etc.), 
• visual literacy (ability to find, interpret, evaluate, use, and create images and visual 

media), and
• mathematical literacy (ability to formulate, employ, and interpret math in a variety 

of contexts). 

Being able to “read and write” data visualizations is becoming as important as being able to 
read and write text. Understanding, measuring, and improving data and visualization literacy is 
important to strategically approach local and global issues.

40



DVL Framework: Desirable Properties
• Most existing frameworks focus on READING. We believe that much expertise is gained 

from also CONSTRUCTING data visualizations.

• Reading and constructing data visualizations needs to take human perception and 
cognition into account.

• Frameworks should build on and consolidate prior work in cartography, psychology, 
cognitive science, statistics, scientific visualization, data visualization, learning sciences, 
etc. in support of a de facto standard.

• Theoretically grounded + practically useful + easy to learn/use.

• Highly modular and extendable.

41



DVL Framework: Development Process
• The initial DVL-FW was developed via an extensive literature review. 

• The resulting DVL-FW typology, process model, exercises, and assessments were then 
tested in the Information Visualization course taught for more than 17 years at Indiana 
University. More than 8,500 students enrolled in the IVMOOC version 
(http://ivmooc.cns.iu.edu) over the last six years.

• The FW was further refined using feedback gained from constructing and interpreting data 
visualizations for 100+ real-world client projects.

• Data on student engagement, performance, and feedback guided the continuous 
improvement of the DVL-FW typology, process model, and exercises for defining, teaching, 
and assessing DVL. 

• The DVL-FW used in this course supports the systematic construction and interpretation of 
data visualizations.  

42

http://ivmooc.cns.iu.edu/


Data Visualization Literacy Framework (DVL-FW)

Consists of two parts:

43

1 2 3 4 5 6 7

DVL Typology
Defines 7 types with 4-17 
members each.

DVL Workflow Process
Defines 5 steps required to 
render data into insights.



Data Visualization Literacy Framework (DVL-FW)
Consists of two parts that are interlinked:
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DVL Typology +  
DVL Workflow 
Process 



Visual Analytics Certificate -
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Visual Analytics Certificate -
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Visual Analytics Certificate -
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Data Visualization Literacy Framework (DVL-FW)
Implemented in Make-A-Vis (MAV) to support learning via horizontal transfer, scaffolding, 
hands-on learning, etc.

48
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Typology of the Data Visualization Literacy Framework

Börner, Katy. 2015. Atlas of Knowledge: Anyone Can Map. Cambridge, MA: The MIT Press. 25.
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1 2 3 4 5 6 7

http://scimaps.org/atlas2


Typology of the Data Visualization Literacy Framework

Börner, Katy. 2015. Atlas of Knowledge: Anyone Can Map. Cambridge, MA: The MIT Press. 26-27.
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1

http://scimaps.org/atlas2
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Typology of the Data Visualization Literacy Framework

52

Börner, Katy. 2015. Atlas of Knowledge: Anyone Can Map. Cambridge, MA: The MIT Press. 30-31.

4

http://scimaps.org/atlas2


Visualization Types
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Bubble Chart

Chart

Map

Tree

Pie Chart

Graph

Temporal Bar GraphScatter Graph

Proportional Symbol MapChoropleth Map

Tree MapDendrogram

Bimodal Network 
Layout

Force-Directed Network 
Layout

Network



Visualize: Reference Systems
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Table
columns by 
rows

Graph
x-y 
coordinates

Map
latitude/
longitude

Network
local 
similarity

Visualization Types
• table
• chart
• graph
• map
• network layout

4



Visualize: Reference Systems, Graphic Symbols and 
Variables
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Scatter Graph Geospatial Map      UCSD Science Map        Network
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Typology of the Data Visualization Literacy Framework
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Börner, Katy. 2015. Atlas of Knowledge: Anyone Can Map. Cambridge, MA: The MIT Press. 32-33.

5

http://scimaps.org/atlas2


Typology of the Data Visualization Literacy Framework
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Börner, Katy. 2015. Atlas of Knowledge: Anyone Can Map. Cambridge, MA: The MIT Press. 34-35.

6

http://scimaps.org/atlas2


Graphic Variable Types 

Position: x, y; possibly z Quantitative
Form:
• Size Quantitative
• Shape Qualitative
• Rotation (Orientation) Quantitative
Color:
• Value (Lightness) Quantitative
• Hue (Tint) Qualitative
• Saturation (Intensity) Quantitative
Optics: Blur, Transparency, Shading, Stereoscopic Depth
Texture: Spacing, Granularity, Pattern, Orientation, Gradient
Motion: Speed, Velocity, Rhythm 
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See Atlas of Knowledge 
pages 36-39 for 
complete table.

Qualitative
Also called:
Categorical Attributes
Identity Channels

Quantitative
Also called:
Ordered Attributes
Magnitude Channels

59
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See Atlas of Knowledge 
pages 36-39 for 
complete table.
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https://visanalytics.cns.iu.edu US Employers which have sent students include 
The Boeing Company, Eli Lilly, DOE, CDC, NSWC Crane.

https://visanalytics.cns.iu.edu/
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• Data Visualizations of Science 

• The Science of Data Visualization

• Open Challenges  

Overview 



https://www.nationalacademies.org/our-work/accelerating-social-and-behavioral-science-through-ontology-development-and-use

https://www.nationalacademies.org/our-work/accelerating-social-and-behavioral-science-through-ontology-development-and-use


https://cns-iu.github.io/spoke-vis

https://cns-iu.github.io/spoke-vis


https://www.nature.com/articles/s41556-021-00788-6

https://www.nature.com/articles/s41556-021-00788-6


Specimen, Biological Structure, and Spatial 
Ontologies in Support of a Human Reference Atlas 
https://biorxiv.org/cgi/content/short/2022.09.08.507220v1

https://biorxiv.org/cgi/content/short/2022.09.08.507220v1


Indiana University Bloomington will host the
International Society of  Scientometrics & Informetrics
Conference (ISSI)
July 2-5, 2023

https://cns-iu.github.io/workshops/2023-07-02_issi/



Q&A
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