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IU Data Science Program: Courses, Skills & Jobs

Exemplary set of IU Data Science courses, ‘Software Engineering’ jobs, and associated skills. 
Job data was retrieved from LinkedIn and CareerBuilder and course data come from the IU course list. As can be seen, there are 
many skills (in orange) that are exclusively associated with courses or jobs; however, the skills in the middle interlink courses (in red) 
to jobs (in blue). 

Katy Börner, Michael Ginda & Xiaozhong Liu, Indiana University



IU Data Science Program: Student Course Transition Network

Empower students, teachers, and curriculum committee members to understand and discuss current and 
desirable student cohorts, key course trajectories, or the (gatekeeper) role that specific courses play. 
Vertically, courses are arranged into four groups based on the department offering the course. Within each vertical grouping, the 
nodes are sorted by the total enrollment for the course with highest values on top. Node size encodes number of students enrolled; 
node color denotes overall GPA for the course. 

Michael Ginda, Kayla Scroggins & Katy Börner, Indiana University



Science & Technology vs. Education/Training vs. Jobs

Need to study the (mis)match 
and temporal dynamics of 
S&T progress, education and 
workforce development 
options, and job 
requirements.

Challenges:
• Rapid change of STEM 

knowledge
• Increase in tools, AI
• Social skills (project 

management, team 
leadership)

• Increasing team size

Katy Börner, Olga Scrivner, Mike Gallant, Shutian Ma, Xiaozhong Liu, Keith Chewning, Lingfei Wu and 
James A. Evans
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Science & Technology vs. Education/Training vs. Jobs

Need to study the (mis)match 
and temporal dynamics of 
S&T progress, education and 
workforce development 
options, and job 
requirements.

Challenges:
• Rapid change of STEM 

knowledge
• Increase in tools, AI
• Social skills (project 

management, team 
leadership)

• Increasing team size

Leadership

Katy Börner, Olga Scrivner, Mike Gallant, Shutian Ma, Xiaozhong Liu, Keith Chewning, Lingfei Wu and 
James A. Evans



Science & Technology vs. Education/Training vs. Jobs

Need to study the (mis)match 
and temporal dynamics of 
S&T progress, education and 
workforce development 
options, and job 
requirements.

Challenges:
• Rapid change of STEM 

knowledge
• Increase in tools, AI
• Social skills (project 

management, team 
leadership)

• Increasing team size

Data Science

Katy Börner, Olga Scrivner, Mike Gallant, Shutian Ma, Xiaozhong Liu, Keith Chewning, Lingfei Wu and 
James A. Evans



Science & Technology vs. Education/Training vs. Jobs

Need to study the (mis)match 
and temporal dynamics of 
S&T progress, education and 
workforce development 
options, and job 
requirements.

Challenges:
• Rapid change of STEM 

knowledge
• Increase in tools, AI
• Social skills (project 

management, team 
leadership)

• Increasing team size

Data Science

Katy Börner, Olga Scrivner, Mike Gallant, Shutian Ma, Xiaozhong Liu, Keith Chewning, Lingfei Wu and 
James A. Evans

Presenter
Presentation Notes
Important to know label for the red, declining area.



Science & Technology vs. Education/Training vs. Jobs

Study results are needed by:
• Students: What jobs will exist in 1-4 years? 

What program/learning trajectory is best 
to get/keep my dream job? 

• Teachers: What course updates are 
needed? What curriculum design is best? 
What is my competition doing? How much 
timely knowledge (to get a job) vs. forever 
knowledge (to be prepared for 80 
productive years) should I teach? How to 
innovate in teaching and get tenure?

• Employers: What skills are needed next 
year, in 5 years? Who trains the best? What 
skills does my competition list in job 
advertisements? How to hire/train 
productive teams?

What is ROI of my time, money, compassion?

Katy Börner, Olga Scrivner, Mike Gallant, Shutian Ma, Xiaozhong Liu, Keith Chewning, Lingfei Wu and 
James A. Evans
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Visual Analytics - IVMOOC 



Register for free: http://ivmooc.cns.iu.edu

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


The Information Visualization MOOC
ivmooc.cns.iu.edu

Students from more than 100 countries
350+ faculty members

#ivmooc
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Data Visualization Literacy 

Data visualization literacy (ability to read, make, and explain data 
visualizations) requires 
• literacy (ability to read and write text, e.g., in titles, axis labels, 

legend), 
• visual literacy (ability to find, interpret, evaluate, use, and 

create images and visual media), and
• data literacy (ability to read, create, and communicate data).

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 for understanding STEAM 
developments and to strategically approach global issues.

16



Course Schedule
Part 1: Theory and Hands-On
• Session 1 – Workflow Design and Visualization Framework
• Session 2 – “When:” Temporal Data
• Session 3 – “Where:” Geospatial Data
• Session 4 – “What:” Topical Data
Mid-Term
• Session 5 – “With Whom:” Trees
• Session 6 – “With Whom:” Networks
• Session 7 – Dynamic Visualizations and Deployment
Final Exam

Part 2: Students work in teams on client projects.

Final grade is based on Homework and Quizzes (10%), Midterm (20%), Final 
(30%), Client Project (30%), and Class Participation (10%).
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Tasks

18See Atlas of Science: Anyone Can Map, page 5



Needs-Driven Workflow Design

Stakeholders

Data

READ ANALYZE VISUALIZE

DEPLOY

Validation

Interpretation

Visually 
encode 

data

Overlay 
data

Select 
visualiz. 

type

Types and levels of analysis determine
data, algorithms & parameters, and 
deployment

Presenter
Presentation Notes
Focus on VisualizationQ type – when where Q level – micro to macroRead = download, surveyAnalyze = preprocess (annotate, clean, interlink, unify names, extract networks)Iterative refinement
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Visualization Framework

See Atlas of Science: Anyone Can Map, page 24
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Learning Analytics



Learning Analytics  

Empowering Teachers: How to make sense of the activities of 
thousands of students? How to guide them?
Empowering Students: How to navigate learning materials and 
develop successful learning collaborations across disciplines and 
time zones?
Empowering Researchers: How do people learn? What 
pedagogy works (in a MOOC) and when?
Empowering MOOC Platform Designers: What technology helps 
and what hurts?



Visualizing IVMOOC Data

Data was collected from different sources:
• 1,901 students registered via GCB (1215 male/557 female)
• 52,557 slide downloads from our server
• 18,893 video views via YouTube
• 193 accounts made 730 tweets 
• 134 students took 183 exams in GCB
• 674 remarks on 215 different forum threads in Drupal
• 64 students submitted projects via Drupal

Presenter
Presentation Notes
Small mooc but = 100 years of IV class teaching



Learning Analytics  

Empowering Teachers: How to make sense of the activities of 
thousands of students? How to guide them?
Empowering Students: How to navigate learning materials and 
develop successful learning collaborations across disciplines and 
time zones?
Empowering Researchers: How do people learn? What 
pedagogy works (in a MOOC) and when?
Empowering MOOC Platform Designers: What technology helps 
and what hurts?



Visualizing IVMOOC Data

Data was collected from different sources:
• 1,901 students registered via GCB (1215 male/557 female)
• 52,557 slide downloads from our server
• 18,893 video views via YouTube
• 193 accounts made 730 tweets 
• 134 students took 183 exams in GCB
• 674 remarks on 215 different forum threads in Drupal
• 64 students submitted projects via Drupal

Presenter
Presentation Notes
Small mooc but = 100 years of IV class teaching



Jan. 22: Course Starts March 11: Final Exam Deadline

Student Registration and Activity 



Student Registration and Activity 



1215 male students
557 female students
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Student Client Projects: All Interactions



Student Engagement and Performance

Custom interactive visualizations of IVMOOC student engagement and performance data,
explore functionality online at http://goo.gl/TYixCn

http://goo.gl/TYixCn


Figure 1: Analysis types vs. user needs.
Emmons, Light, and Börner. "MOOC Visual Analytics: Empowering Teachers, Students, Researchers, and Developers of 
Massively Open Online Courses". Journal of the Association for Information Science and Technology (in press).

http://cns.iu.edu/docs/publications/2016-emmons-jasist.pdf


Future Work



PNAS, 2019         
https://www.pnas.org/content/early/2019/01/29/1807180116

https://www.pnas.org/content/early/2019/01/29/1807180116


Next Generation IVMOOC
Instructor: Victor H. Yngve Distinguished 
Professor Katy Börner & CNS Team, ISE, SICE, IUB
Duration: 6 weeks x 5 hours = 30 hours (3 CEUs)
Format: Online | Theory and Hands-on 
Instruction, Concept Questions, Graded 
Assignments, Case Studies, Discussions 
Next Run Starts: March 25, 2019 

Covers:
Temporal, geospatial, topical (linguistic), network 
analyses and 60+ visualization types 

Tools: Tableau, Gephi, BI, 

Industry case studies such as 
• Acting on customer complaints data. 
• Improving communication/traffic flows.
• Understanding web page usage. 
• Visualizing online shopping behavior.
• Optimizing supply chains.
• Reducing customer/supplier churn.
• Monitoring emerging R&D areas.
• Workforce development planning.

https://visanalytics.cns.iu.edu



https://visanalytics.cns.iu.edu
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Next Generation IVMOOC
Systematic study of how different student cohorts learn best—using 
Mechanical Turk formal user studies, e.g., to optimize horizontal transfer:

Table Graph Map Network
Columns by rows x-y coordinates            Latitude/ Local

linear/log scale longitude                    similarity
column row

cell

Horizontal Transfer

node

edge



Next Generation IVMOOC
Systematic study of how different student cohorts learn best—using 
Learning Analytics to optimize scaffolding and learning trajectories:
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All papers, maps, tools, talks, press are linked from http://cns.iu.edu
These slides are at http://cns.iu.edu/presentations.html

CNS Facebook: http://www.facebook.com/cnscenter
Mapping Science Exhibit Facebook: http://www.facebook.com/mappingscience
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