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Defining, Measuring, Improving
Data Visualization Literacy
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Data Visualization Literacy

Data visualization literacy (ability to read, make, and explain data visualizations)
requires

e Jiteracy (ability to read and write text, e.g., in titles, axis labels, legend),

e visual literacy (ability to find, interpret, evaluate, use, and create images and
visual media), and

e data literacy (ability to read, create, and communicate data).
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Load One File and Run Many Analyses and Visualizations

Times Publication City of Publisher Country Journal Title Title Subject Category Authors
Cited Year (Full)
12 2011 NEW YORK USA COMMUNICATI Plug-and-Play MacroscopesComputer Science Borner, K
ONS OF THE
ACM
18 2010 MALDEN USA CTS-CLINICAL  AdvancingtheScienceof Research & Falk-Krzesinski, HJ |Borner,
AND Team Science Experimental K|Contractor, N|Fiore, SM|Hall,
TRANSLATIONAL Medicine KL|Keyton, J|Spring, B|Stokols,
SCIENCE D|Trochim, W |Uzzi, B
13 2010 WASHINGTON USA SCIENCE A Multi-Level Systems Cell Biology Borner, K|Contractor, N|Falk-
TRANSLATIONAL Perspective for the Science |Research & Krzesinski, HJ | Fiore, SM|Hall,
MEDICINE of Team Science Experimental KL|Keyton, J|Spring, B|Stokols,
Medicine D|Trochim, W|Uzzi, B
Statistical Analysis—p. 44 Temporal Burst Analysis—p. 48 Geospatial Analysis—p. 52 Geospatial Analysis—p. 52
| —
Location Count | #Citations . .=
Netherlands 13 22 —
— - .
United States 9 318 — —_—
! —_—
GRrmany n 36 n
United Kingdom .-
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Load One File and Run Many Analyses and Visualizations

Times Publication City of Publisher Country Journal Title Title Subject Category Authors
Cited Year (Full)
12 2011 NEW YORK USA COMMUNICATIO Plug-and-Play Computer Science Borner, K
NS OF THE ACM Macroscopes
18 2010 MALDEN USA CTS-CLINICAL  AdvancingtheScienceof Research & Falk-Krzesinski, HJ |Borner,
AND Team Science Experimental K|Contractor, N|Fiore, SM|Hall,
TRANSLATIONAL Medicine KL|Keyton, J|Spring, B|Stokols,
SCIENCE D|Trochim, W |Uzzi, B
13 2010 WASHINGTON USA SCIENCE A Multi-Level Systems Cell Biology Borner, K|Contractor, N|Falk-
TRANSLATIONAL Perspective for the Science |Research & Krzesinski, HJ | Fiore, SM|Hall,
MEDICINE of Team Science Experimental KL|Keyton, J|Spring, B|Stokols,
Medicine D|Trochim, W|Uzzi, B
Topical Analysis—p. 56 Paper Citation Network—p. 60 Bi-Modal Network—p. 60
PR | S — Co-authorand
[ 0 T 87 0 many other
T g - .
\"‘:’ S N bi-modal networks.
- - \ Wy - o
e v 7, i
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Sci2 Tool Interface supports A2 Visualization Framework
Download tool for free at sci2.cns.iu.edu

& Sci2 Tool =10i x|
Fle DataPreparation | Preprocessing Analysis Modeling Visualizaton R Help
& console TSE Edd : =0 575?03:3"!\”8‘(. Wiorkfiow Manager = f'I'
.......... Geospatial » i1 ISI Data: C:\Users'\Katy 'Dey.too'A-TCOLS'sc 2-v1. 14
xtract Co-Occurrence  Topical » - [’ ZI-ILnch ISI Record

mplementer(s): Tmoth —

ntegrator(s): Timothy - Extract Top Nodes

ocumentaton: Extract Nodes Above or Below Value
ttp:/ /wiki.cns.iu.edu/display /CISHI  Delete Isolates

Fvtrart Tan Fdnac

= , « Extracted Co- -..,lhotshp Network
I Ne twork with degree attribute added to nod
; 11 Author iInformation

=10 %
mplementt Fle DataPreparation Preprocessng  Analysis Modelng Visualzaton R Help
egrator|
3 de » = L =a
ocumenta Console O || iti! Data Manager Workflow Manager O
ttp:/ Jwi < Geosoaoal » - c :
P : . e
028Text | v | Z_I‘ [ = 151 Data: C:\users\Katy\Desktop\A-TOOLS \eci2-v 1. 1
tParar S Sci2 Tool =10] x|
ie Forma
. Format "'lVﬂ' Fle DataPreparation Preprocessing Analysis Modelng Vmabzabon R Heb
‘ode Degry Gener » 11
| A o O || 3141 Data Manager | ) workflow Manager =0
Temporal » -
(= RS ) — N -
Dsched |..... [ Geospatial » | AlI|[ =T 151 Data: C:\users\Katy\Desktop\a-TOOLS sci2-v 1. 1y
xtract Co-Occurrence Network was selected Topical » - [=- 361 Unique ISI Records
mplementer(s): Tmothy Kelley QUESS
ntegrator(s): Timothy Keley e
ocumentation: Gephi to noc
ttp:/ /wiki.cnsiu.edu/display /CISHELL/Extract+ Co-Occurrence+Net
Radial Tree Graph (prefuse alpha)
......... Radal Tree/Graph with Amnotation (prefuse beta)
xtract Co-Author Network was selected,
mplementer(s): Tmothy Keliey
ntegrator(s): Timothy Kelley WEIUSEDES
ocumentation: Force Diracted with Annotation (prefuss beta)
ttp:/ /wiki.cnsiu.edu/display /CISHELL /Extract + Co-Author+Network
ST et s Flleatn2e Fruchterman-Reingold with Annotation (prefuse beta) 8
B Nt




CNS Web Visualization Framework:
Functionality
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Web Visualization Framework

Barebones visualizations
Configuration-based customization
Multiple stages of rendering
Instanced visualizations
Standardization of workflows

Y VYV YV YV YV YV

Easy versioned project check-out and deployment

10



CNS Web Visualization Framework:
Examples
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Visualization: Co-Authorship Network

Project: ERC
nanohub.org/citations/curate

Tan FstEGs fa e o e
L fr;»’ﬁuﬂ?&"\&?’i?g:-zas Joze A e e
Cul Hongr PR -
NN Bg Peralta-Videa, Jose R e o

Gardea-Torresdey, Jorge L. e

Westerhot!, Paul -
Hegstoyski Kol D L Qv o'
KarTodbly TN484 -

Lew Jongho
. Alvarez Pedro ). J
Bod Chanhem

Eimelech, Menachem

- = .
U =1

This figure shows the collaboration network of one ERC, based on co-authorship extracted from bibliography files. Each node is an author,

and 2 authors are connected if they have authored a publication together. 12
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Visualization: Geographic co-authorship visualization

Project: ERC
nanohub.org/citations/curate

This map shows the co-authorship network overlaid on a geospatial map of the US. each node represents an author and two authors are
connected if they have authored a paper together. 13
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Visualization: UCSD Map of Science
Project: ERC
nanohub.org/citations/curate

e X b

o .O"n]'

This organizes and visually represents 554 sub disciplines of science and their relationshipsto oneanother. Sub disciplines are grouped into
13 overarching disciplines that are color coded (red for medicine, green for biology, etc.) and labelled. Using a journal name based or
keyword based mapping process, data overlays can be computed. For example, expertise profiles for an individual or an institution are
generated by reading a bibtex or EndNote file with relevant publications, identifying unique journal names, and overlaying geometric
symbols such as circles atop the sub discipline(s) that are associated with each journal. This Map of science can be used to explore,
understand, and communicate the expertise profiles of an institute or nation. 14
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Visualization: UCSD Map of Science
Project: ECON
demo.cns.iu.edu/client/econ-ucsdmap

This interactive map supports the exploration and comparison of different high-impact and transformative science (HITS) metrics.
Interactive map allows the user to hover over a discipline label to highlight all its sub-disciplines, and also hover over a subdisciplineto see
all subdisciplinesitis connected to.




m' NSM' ' |hu ture for
Netwo ce Center

Visualization: Hex Map of Science

Project: ECON
demo.cns.iu.edu/client/econ-hexma

-
-— -—
m—— e -———
~.- DA
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Hex-style rendering of the UCSD map of science allows for easier investigation of metric bars within each hexagon node. This Interactive
map allows the user to hover over a discipline label to highlight all its subdisciplines, and also hover over a subdiscipline to see all
subdisciplinesitis connected to.
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Visualization: Heatmap

Project: HSD
demo.cns.iu.edu/client/hsd/static/heatmap group.html

This visualization shows how white

Patient Sunvival by White Blood Cell {WBC) Count a L _— blood cell (WBC) laboratory tests

: oy TRL o correlate with three-year survival rates.

Low WO Count Normal WG Count High WOC Count 0 sok The HSD dimension of the data (rows)

' isthe time of the day of the test; and

three-year survival rate (numbers and

2,867/12,212 5.2186,612 19502 colorsin the boxes) is an outcome
variable. Aggregation level for the HSD
time of day are shown—three 8 hour
blocks. The lowest survival rates are for
patients with alow WBCvaluein the

Barr-4gm 4 BT4G 550 TATIATE TR 11,156012.807 97,181 morning (specifically at 6am).

Madnight-8am

HSD: Terw of Dy

In this project, we created data
visualizations to explain HSD to users
and to help them incorporateitintoin

dpm-Midright 1.5721 728 33.481/40 580 702877 260 50,168 their research
8,453 sy 2730
o
100%
“Suremal 13-Yaar) APusents per Tere Geowp Patants par WBC Group
g2 1e% 94.53% |} 131,57 0 9,1
‘ o Q) v
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Visualization: Heatmap

Project: HSD
demo.cns.iu.edu/client/hsd/static/heatmap hour.html

This visualization shows how white

Patient Survival by White Blood Cell (WEC) Cownt and Time of Day
o —— e blood cell (WBC) laboratory tests
correlate with three-year survival rates.
- S e e R 0 The HSD dimension of the data (rows)
0l n . T naam 152
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Visualization: Heatmap

Project: Learning Analytics
demo.cns.iu.edu/webvis/learning-analytics/heatmap.html

Learning Anaitics

Z037-25374 2015 Student Group Engagement and Scores

ok Neex 2 Weeh Neer 4 Micerry

605w 3330 5150w 2096 20.v% 2428w 16.85% 1623w 13.08% --
30w S29w &0 £ 22w SO0 4999 3.5 143w S5401% 82.25% E24w
506w 5454 4356w A S363% 5946w S2.19% 571w a2 72.50% 75.13%
2933w S533% £9.26% 62.13% TIA 6% 55.56% S76% aS569% 7085w T7.54%

Z637-29574 2015 Studdent Group Engagement for Week 3

Legends

usent 13

The heat map visualization is a representation of student engagement (magenta to blue color scale) and performance (red to green color
scale) throughout a course. The visualization has two levels. The top level provides an overview of engagement and performance for groups
of students, whilethe bottom level provides a detailed breakout of student engagement statistics for individuals with an identified group.

19
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Visualization: Sankey

Project: IVMOOC
demo.cns.iu.edu/webvis/learning-analytics/sankey.html

The goal of this visualizationis to show the flow of students through Indiana University’s Information Visualization Massive Open
Online Course (IVMOOC) from 2013 —2015. The diagram (see screenshot in Figure 1) was created using D3 with data from
learning management systems (LMS), such as Google Course Builder and Canvas, but also student demographic data collected
using surveys. The diagram shows demographic information regarding a student’s level of educational attainment and gender
together with the year they took the course, broken down further by IVMOOC and IU sections of the course.

20



m ' N ; [l-,'fi"l!Y"‘,v‘.hll!h]'i'le
Network Soence Center

Visualization: Sankey

Project: STEM
demo.cns.iu.edu/webvis/stem

INDIN STEWwWItos ATV AR Flal

SP—— by ey STEM Carpey

STEM (science, technology, engineering, math) pathways visualization. Data tool that will make it easier for researchers to visualize pathways
and identify groups of individuals pursuing specific paths.

The primary goal of Sankey visualization was to understand the growth/decline of STEM career interestsin students at various educational
levels and across different demographics. Users will be ableto precisely analyze and identify the group of students that flow in and out of the
STEM career interest areas and in turn perform detailed research on these focus groupsto study the reasons and influencing factors for the
change in career interests.

21
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Visualization: Sankey Diagram
Project: XDMoD
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This Sankey diagram displays a multivariate analysis of the relationship between IT resources, funding agencies, and publications. The
width of each line represents grant dollars awarded to researchers. The configuration model allows for easy metric switching.
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Visualization: Temporal Bar Graph
Project: XDMoD

YOMOD o e

L L)

NS Grams b

Thistemporal bar graph represents each record as a horizontal bar with a specific start and end year. The width of each bar encodes the
total award amount. Barsare colored to represent the funding agency (legend of funding agencies are listed on theright). This graph
shows funding duration, amounts, and types over time.

23
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Visualization: Co-PI
Project: XDMoD
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Visualization: Twitter Network

Project: Al
demo.cns.iu.edu/client/iai/twitter.html
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This visualization shows CTSA hub and NIH activities on Twitter. The accounts and tweets associated with CTSA and NIH were collected between
August 2015 - Sept. 2015, then processed and analyzed to create a social network based on the interaction behaviors of users. The layout of the
user network is force-directed, meaning that nodes that are close to each other have a stronger connection to oneanother indicating which Twitter

25

users interact with each other most often.
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Visualization: IAl Expertise Visualization
Project: Al
demo.cns.iu.edu/client/iai/expertise.html?set=malaria
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This visualization is based on publication datasets retrieved from the Scholarly Database at IU, and is used to identify relevant experts, publications,
clinical trials, and awards that match a search term. 26



CNS Web Visualization Framework
A Boilerplate Example
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Activity Overview

To Do - To setup project workspace and generate a sample visualization from the

framework.

Steps Involved -

> Project dependencies set-up.

> Including a d3 visualization in the project -

1. Part 1 -Adding json file to specify git URLs, building and including a viz.

Part 2 - Creating the html page for it.
Part 3 - Calibrating it to read data.
Part 4 - Adding the json data file.
Part 5 - Modifying the configuration javascript file.

vk W

28
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Activity Overview

>

Having fun with it -
1. Part 1 -Adding more html functionality.

2. Part 2 - Adding the corresponding javascript for it.

Uses -

>

Y YV YV VYV V¥

Easy to start at an upper layer of abstraction.
Multiple stages of rendering.

Multiple instanced visualizations in the same project.
Easy versioned project check-out and deployment.
Configuration-based customization.

Ease of use and extensibility.

29



Outlook
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Outlook

More robust workflow
Public-facing code and documentation

More visualization library support
Better cross-visualization integration
Full integration of Angular Material

Y VYV YV YV YV YV

More visualization plugins

31
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Atlas Trilogy

Borner, Katy (2010) Atlas of Science: Visualizing What We
Know. The MIT Press. http://scimaps.org/atlas

Borner, Katy (2015) Atlas of Knowledge: Anyone Can Map.
The MIT Press. http://scimaps.org/atlas2

Borner, Katy (2020) Atlas of Forecasts: Predicting and
Broadcasting Science, Technology, and Innovation. The MIT
Press.

ModSTI Conferenceslides, recordings, and report are at
modsti.cns.iu.edu/report

Upcoming Sackler Colloquium on "Modelling and Visualizing
Science and Technology Developments" will take place in
December 2017 at the Beckman Center, Irvine, CA.

32



' NSH' ' |Pr\1h ¢ for
Netwo ence Lenter

All papers, maps, tools, talks, press are linked from cns.iu.edu
These slides are at cns.iu.edu/presentations

CNS Facebook: facebook.com/cnscenter
Place & Spaces: Mapping Science Exhibit Facebook: facebook.com/mappingscience

cllonts to provldc
custom-made data,
visualization, and
software solutions
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