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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.
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Data Visualization Literacy Framework (DVL-FW)

Consists of two parts:
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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 



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


Teaching Data Visualization Literacy

in Science Museums



xMacroscopes in Science Museums

Data Visualization Literacy: Research and Tools that Advance Public Understanding of Scientific Data. 
NSF AISL #1713567
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Data Visualization Literacy: Research and Tools that Advance Public Understanding of Scientific Data. 
NSF AISL #1713567
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Data Visualization Literacy: Research and Tools that Advance Public Understanding of Scientific Data. 
NSF AISL #1713567

https://cns.iu.edu/2015-VisLit.html

https://cns.iu.edu/2015-VisLit.html


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/
























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
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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. 



What is a Human Reference Atlas?

The Human Reference Atlas (HRA)
1. defines the 3D space and shape of anatomical structures and cell types that are of 

biomedical relevance plus the biomarkers used to characterize them. Anatomical structures, 
cell types and biomarkers are validated and represented in/added to ontologies 
(Uberon/FMA, CL, HGNC).

2. defines how new datasets can be mapped to the HRA, e.g., spatially using the Visible 
Human CCF and/or Vasculature CCF, via ASCT+B ontology terms/IDs such as gene or 
protein biomarkers, or via gene expression data as in Azimuth.

3. it is
○ authoritative (there exists expert agreement and it was validated by data),
○ computable (supports API queries, UIs, linkages; see slides #8 and #9),
○ published as LOD (connecting to disease and other ontologies and data),
○ open (anyone can use the HRA data and code), and
○ continuously evolving (e.g., as new technologies become available).

Börner, Katy, Sarah Teichmann, Ellen M. Quardokus, …, Sanjay Jain, Griffin M. Weber. 2021. “Human Anatomical Structures, Cell Types, 
and Biomarkers of the Human Reference Atlas”. Nature Cell Biology - Accepted



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





An Atlas describes & names 2/3D entities

https://hubmapconsortium.github.io/ccf/pages/ccf-3d-
reference-library.html

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

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


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

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


CCF Registration User Interface (RUI) 

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/


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
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Upcoming Events & Books



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


Indiana University Bloomington will host the
International Society of  Scientometrics & Informetrics
Conference (ISSI)
in Summer 2023



Atlas Trilogy   

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

2021 

2010 

2015 

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




Q&A
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