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Data Visualization Literacy Framework 

Empower Yourself!
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Mapping Science Exhibit
http://scimaps.org

http://scimaps.org/
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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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VII.6 Stream of Scientific Collaborations Between World Cities - Olivier H. Beauchesne - 2012



7V.7 A Topic Map of NIH Grants 2007 - Bruce W. Herr II, Gully A.P.C. Burns, David Newman, and Edmund Talley - 2009



8I.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



11VI.3 Diseasome: The Human Disease Network - Mathieu Bastian and Sébastien Heymann - 2009



12VII.10 History of Science Fiction - Ward Shelley - 2011







Megaregions of the US –Garrett Dash Nelson and Alasdair Rae – 2016



Smelly Maps – Daniele Quercia, Rossano Schifanella, and Luca Maria Aiello – 2015





Audience Poll

• Which of the 24 macroscopes at 
http://scimaps.org/iteration/macroscopes is most interesting for you?

• Why?

• How might you apply similar analyses and visualizations in your work?
• Is there an existing example?

• Are there other macroscopes that are not (yet) in the exhibit?

http://scimaps.org/iteration/macroscopes


https://www.pnas.org/modeling https://mitpress.mit.edu/books/atlas-forecasts

https://www.pnas.org/modeling
https://mitpress.mit.edu/books/atlas-forecasts
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Acknowledgments
Exhibit Curators Exhibit Advisory Board

http://scimaps.org

Plus, we thank the more than 250 authors 
of the 100 maps and 16 interactive 
macroscopes.

http://scimaps.org/


Visualizations of the Scalable Precision 
Medicine Knowledge Engine (SPOKE)

https://spoke.ucsf.edu

https://spoke.ucsf.edu/


https://spoke.ucsf.edu

https://spoke.ucsf.edu/








Audience Poll

• What other datasets are relevant for your work/missing in SPOKE?



















https://www.dagstuhl.de/en/program/calendar/semhp/?semnr=21152

https://www.dagstuhl.de/en/program/calendar/semhp/?semnr=21152




The July/Aug 2022 special issue in IEEE 
Computer Graphics and Applications on 
“Multi-Level Graph Representations for 
Big Data in Science”

Articles due for review: 
December 29, 2021

Guest editors:
• Katy Börner, Indiana University, 

Bloomington, US
• Stephen G. Kobourov, University of 

Arizona, Tucson, US

https://www.computer.org/digital-
library/magazines/cg/call-for-papers-
special-issue-on-multi-level-graph-
representations-for-big-data-in-science

https://www.computer.org/digital-library/magazines/cg/call-for-papers-special-issue-on-multi-level-graph-representations-for-big-data-in-science


HuBMAP: Mapping 30+ Trillion Cells

Michael P. Snyder, et al. 2019. The human body at cellular resolution: The NIH Human Biomolecular Atlas 
Program. Nature. 574, p. 187-192. 

https://www.nature.com/articles/s41586-019-1629-x.pdf

https://www.nature.com/articles/s41586-019-1629-x.pdf


HuBMAP

Vision
Catalyze the development of an open, global 
framework for comprehensively mapping 
the human body at cellular resolution.

Goals
1. Accelerate the development of the next generationof tools and techniques for constructing high 

resolution spatial tissue maps

2. Generate foundational 3D tissuemaps

3. Establish an open dataplatform

4. Coordinate and collaborate with other fundingagencies, programs, and the biomedical research
community

5. Support projects that demonstrate the value of the  resources developed by theprogram

39

https://commonfund.nih.gov/HuBMAP

https://commonfund.nih.gov/HuBMAP
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The Human Body at Cellular Resolution: 
The NIH Human Biomolecular Atlas Program.
Snyder et al. Nature. 574, p. 187-192. 



The Human Body at Cellular Resolution: 
The NIH Human Biomolecular Atlas Program.
Snyder et al. Nature. 574, p. 187-192. 
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The Human Body at Cellular 
Resolution: The NIH Human 
Biomolecular Atlas Program.
Snyder et al. Nature. 574, p. 187-
192. 



CCF Requirements

The CCF must capture major anatomical structures, cell types, and biomarkers and 

their interrelations across multiple levels of resolution.

It should be semantically explicit (using existing ontologies, e.g., Uberon, CL) and 
spatially explicit (e.g., using 3D reference organs for registration and exploration).



Anatomical Structures (AS), Cell Types (CT), and Biomarkers (B) or ASCT+B tables aim to capture the 

partonomy of anatomical structures, cell types, and major biomarkers (e.g., gene, protein, lipid or 
metabolic markers).

They are ESSENTIAL for developing AS partonomies, CT typologies, and 3D reference objects (body 

to cell).

ASCT+B Tables



ASCT+B Tables

Anatomical Structures, Cell Types, and Biomarkers (ASCT+B) tables aim to capture the 

partonomy of anatomical structures, cell types, and major biomarkers (e.g., gene, protein, 
lipid or metabolic markers). 

Partial ASCT+B Table from 
• El-Achkar et al. A Multimodal and Integrated Approach to Interrogate Human Kidney Biopsies with Rigor and 

Reproducibility: The Kidney Precision Medicine Project. bioRxiv. 2019, Updated Aug 2020. doi:10.1101/828665



El-Achkar et al. A Multimodal and Integrated Approach to 
Interrogate Human Kidney Biopsies with Rigor and Reproducibility: 
The Kidney Precision Medicine Project. bioRxiv. 2019, Updated Aug 
2020. doi:10.1101/828665





Lead by Katy Börner and Jim Gee; Ellen M Quardokus serves as Knowledge Manager

Meetings take place monthly to review and approve tables, formalize and unify table 

design language, discuss and expand table usage, see WG Charter.

Next meetings in 2021: April 7,  May 5, 11a-noon ET.
Please register to receive invites and updates.

ASCT+B Table Working Group

https://docs.google.com/document/d/1KxcZfKiDtSYx0BrCro9NucFaixPTdMixvlohZe6BkzY/edit
https://iu.co1.qualtrics.com/jfe/form/SV_bpaBhIr8XfdiNRH


Table compiled for, during, and after the NIH-HCA Joint Meeting in March 2020, https://hubmapconsortium.org/nihhca2020

https://hubmapconsortium.org/nihhca2020


Overview of CCF 3D Reference Models



https://hubmapconsortium.github.io/ccf/pages/ccf-3d-
reference-library.html (NLM VH organs)
https://community.brain-map.org/t/allen-human-reference-
atlas-3d-2020-new/ (brain)
https://www3.cs.stonybrook.edu/~ari/ (male colon)

https://hubmapconsortium.github.io/ccf/pages/ccf-
anatomical-structures.html

Male                       Female

Table counts on 2/28/2021

https://hubmapconsortium.github.io/ccf/pages/ccf-3d-reference-library.html
https://community.brain-map.org/t/allen-human-reference-atlas-3d-2020-new/405
https://www3.cs.stonybrook.edu/%7Eari/
https://hubmapconsortium.github.io/ccf/pages/ccf-anatomical-structures.html


https://hubmapconsortium.github.io/ccf-asct-reporter

XMAS 2020 release supports 
• AS, CT, B Search
• Table comparison 

https://hubmapconsortium.github.io/ccf-asct-reporter


ASCT+B Table Usage

ASCT+B tables guide CCF Ontology and 3D Reference Object Library design that semantically 

name and spatially place tissue data from different donors into one CCF (i.e., mapping). 

Tissue blocks are  registered into the CCF using the Registration User Interface (RUI), and they can 
be explored via the Exploration User Interface (EUI). 



Document the tissue 

extraction site by 
registering tissue 

blocks within a 3D 

reference organ. 

Image provided by Sanjay Jain, TMC-UCSD



CCF Registration User Interface (RUI) v1.0.0 

New Features:
• Organ carousel with 4 

reference organs

• Support for tissue 
extraction sites

• Expanded ontology

• Semantic annotation 
via collision detection 
& manual annotation

• Support for non-
HuBMAP usage

https://hubmap-ccf-ui.netlify.app/rui/

https://hubmap-ccf-ui.netlify.app/rui/


For the first HuBMAP portal release, 48 tissue 
blocks were registered.



CCF Registration User Interface (RUI) v1.0.0 cont. 



CCF Exploration User Interface (EUI)

https://portal.hubmapconsortium.org/ccf-eui

https://portal.hubmapconsortium.org/ccf-eui




Register your data via https://hubmap-ccf-ui.netlify.app/rui/ so it can be spatially/semantically explored in EUI.

https://hubmap-ccf-ui.netlify.app/rui/


http://gehlenborglab.org/research/projects/vitessce/

http://gehlenborglab.org/research/projects/vitessce/


Goals

• Communicate tissue data acquisition 

and analysis,

• Demonstrate single-cell analysis and 

CCF mapping techniques, and

• Introduce major features of the 

HuBMAP portal.

Learning modules come with 

• Videos (incl. interviews, tool demos)

• Hands-on exercises

• Self-quizzes

https://expand.iu.edu/browse/sice/cns/
courses/hubmap-visible-human-mooc

VH Massive Open Online Course (VHMOOC)

https://expand.iu.edu/browse/sice/cns/courses/hubmap-visible-human-mooc




TMCs

Jeffrey Spraggins
TMC-Vanderbilt

Vanderbilt University

Sanjay Jain
TMC-UCSD

Washington University, 
St. Louis

Thanks go to all the patients that agreed to volunteer healthy tissue and 
open use of their data.

MC-IU HIVE Team 

HuBMAP Consortium (https://hubmapconsortium.org)

Clive Wasserfall
TMC-UFL

University of Florida

3D Models

Kristen Browne
Medical Imaging and 

3D Modeling Specialist
NIAID

Marda Jorgensen
TMC-UFL

University of Florida
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https://hubmapconsortium.org/


Data Visualization Literacy Framework

Börner, Katy, Andreas Bueckle, and Michael Ginda. 2019. Data visualization literacy: Definitions, 
conceptual frameworks, exercises, and assessments. PNAS, 116 (6) 1857-1864.



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.

66



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.

67



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.  

68

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


Data Visualization Literacy Framework (DVL-FW)

Consists of two parts:

69

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:

70

1

2 3

4

5

6

7

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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Audience Poll

How much time (out of project total) do you spent on
• Data acquisition?
• Data cleaning?
• Data analysis?
• Data visualization?
• Data interpretation?



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

75

4
Title                              Authors                                Journal                                Year        #Cites                   

5
6



Typology of the Data Visualization Literacy Framework

Börner, Katy. 2015. Atlas of Knowledge: Anyone Can Map. Cambridge, MA: The MIT Press. 25.

76

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.

77

1

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

79

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

4

http://scimaps.org/atlas2


Visualization Types

80

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

81

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

82

Scatter Graph Geospatial Map      UCSD Science Map        Network

Graphic Variables

Graphic Symbols

Visualizations 4

5

6

D
at

a 
O

ve
rl

ay
R

ef
er

en
ce

Sy
st

em



Typology of the Data Visualization Literacy Framework

83

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

84

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 

85



See Atlas of Knowledge 
pages 36-39 for 
complete table.

Qualitative

Also called:

Categorical Attributes
Identity Channels

Quantitative

Also called:

Ordered Attributes
Magnitude Channels

86

Graphic Symbol Types 
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See Atlas of Knowledge 
pages 36-39 for 
complete table.

87



Empower Yourself and Others!
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.



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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Audience Poll

• What part of the presentation was most interesting?

• What part of the presentation was most relevant for your work?

• What did you miss? 

• Would you be interested to join a hands-on session that introduces 
Make-A-Vis, Tableau, Gephi, and other tools?



Q&A
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