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● Spring enrollment: 437 students.
● Introduction to object-oriented paradigm 

with Java programming language.
● No previous programming experience 

assumed. 
● Required class for CS major; also for 

Informatics, Electrical engineering, and 
Mathematics majors.

● Weekly Lectures 2 + Lab 1.
● Mid-term and Final exams.
● Future: POGIL



What Data Science Skills Do Our 
Students Need?

 Let’s Ask Them!
Amy Wagaman

Amherst College



▶ Students who took my multivariate data analysis course (Fall 
2009 or Fall 2012)
◦ With no prior statistics courses and who took no further statistics 

courses (from our department)
◦ Asked what topics from the course they’d seen elsewhere; how taking 

the course had impacted them
▶ The course covered multivariate techniques and their 

applications without delving deeply into the underyling linear 
algebra. 

▶ Students undertook course projects where they had to employ 
at least 2 techniques we’d covered.

▶ The R software was used. 
▶ We now teach the course with a pre-req of intro stats.

Let’s ask…



▶ Two are consultants; one is a research associate
▶ First consultant
◦ “Most relevant for my current job is methods of data 

visualization for large data sets.”
◦ The course was useful for interviews.

▶ Second consultant
◦ “In my job as a consultant I've used clustering, classification and 

factor analysis.”
◦ Having experience computing has been very useful.

▶ Research associate
◦ Has seen lots of Principal components analysis
◦ “Learning a statistical program/language relatively early in my 

college career was particularly valuable for the work I do now”  

Selected Student Responses



▶ Many possibilities lie before us
▶ Wide-range of topics to decide to cover or not
▶ Computing knowledge is certainly increasing in 

importance.

▶ What would your students say?
▶ See Wagaman (The American Statistician, 2016)

Summary
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Foundations

•
•
Programming Sequence

•
•
Human Factors/Societal

•
•

http://people.cs.umass.edu/~verts/cmpsci190IN/cmpsci190IN.html
http://people.cs.umass.edu/~verts/cmpsci190IN/cmpsci190IN.html
http://people.cs.umass.edu/~barring/cs190dm/
http://people.cs.umass.edu/~barring/cs190dm/
http://www-edlab.cs.umass.edu/cs121/
http://www-edlab.cs.umass.edu/cs121/
https://people.cs.umass.edu/~barring/cs187/
https://people.cs.umass.edu/~barring/cs187/
http://www-net.cs.umass.edu/cs290nw/
http://www-net.cs.umass.edu/cs290nw/
https://people.cs.umass.edu/~hudlicka/HCI.pdf
https://people.cs.umass.edu/~hudlicka/HCI.pdf
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COMPSCI 397F: Introduction to Data Science

● Program/Level: Informatics Major, Sophomores/Juniors
● Topics: Data acquisition and wrangling, exploratory data 

analysis (descriptive statistics, clustering), prediction 
(KNN, naive Bayes, logistic regression, linear regression), 
data visualization.

● Focus: Applications



COMPSCI 397F: Introduction to Data Science

COMPSCI 397F
Introduction to 
Data Science

COMPSCI 190IN
Introduction to 

Informatics

COMPSCI 119/121
Introduction to 
Progrmming

● Assumed Background: Programming



COMPSCI 348: Principles of Data Science

● Program/Level: CS Major, Juniors and Seniors
● Topics: Exploratory data analysis (descriptive analytics, 

clustering), prediction (decision trees, linear regression, 
generalization and overfitting), probabilistic models 
(Bayesian networks, anomaly detection), causal inference 
(propensity score methods, causal networks).

● Focus: Theory and Applications



COMPSCI 348: Principles of Data Science

COMPSCI 348
Introduction to 

Knowledge 
Discovery

COMPSCI 240
Reasoning 

Under 
Uncertainty

COMPSCI 250
Introduction to 
Computation

COMPSCI 187
Programming 

with Data 
Structures

COMPSCI 121
Problem 

Solving with 
Computers

● Assumed Background: Intro probability, statistics, 
programming, and CS theory.

Math 132
Calculus II

Math 131
Calculus I



COMPSCI 589: Machine Learning

Open Source Materials: https://github.com/mlds-lab/COMPSCI-589

● Program/Level: Seniors CS Major; MS CS; Other MS/PhD  
● Topics: Broad survey of supervised and unsupervised 

learning methods. Understanding mathematical and 
geometric properties of individual models and relationships 
between models. Issues of model selection, capacity 
control, design of machine learning experiments, scalability.

● Focus: Theory and applications.

https://github.com/mlds-lab/COMPSCI-589


COMPSCI 589: Machine Learning

COMPSCI 589
Machine 
Learning

COMPSCI 383
Artificial 

Intelligence

Math 235
Linear Algebra

COMPSCI 240
Reasoning 

Under 
Uncertainty

COMPSCI 220
Programing 

Methodology

COMPSCI 230
Computer 
Systems 
Principles

or

COMPSCI 187
Programming 

with Data 
Structures

COMPSCI 121
Problem 

Solving with 
Computers

● Assumed Background: Differential calculus, 
programming, data structures, probability, statistics, 
programming languages, linear algebra, and AI.

Math 132
Calculus II

Math 131
Calculus I



UMass Data Science Course Sizes



Data Science at Mount 
Holyoke College

Presenter: Martha Hoopes
Contributors: MHC DS Curriculum Committeee – Tim Chumley, Amber Douglas, 
Andrea Foulkes, Janice Gifford, Barb Lerner, Tim Malacarne, Eitan Mendelowitz, 

Steve Schmeiser, Sam Tuttle



•
•
•









Essential elements of intro DS courses
"computation thinking"
        comfortable with splitting a big problem into approachable pieces
        comfortable with basic programming constructs (functions, loops, branching)
"inferential thinking“ and “analysis thinking”
        basic statistical concepts (randomization, populations, models,
        SD, mean, variation, hypothesis testing)
        models, parameterization, and estimation
“data awareness”
        sources, manipulation, management
        ethics of use
“communication thinking”
        visualization
        written and oral presentations and interpretations 
proficiency with R and/or python and some DS related libraries
project and data from real world and relevant domain questions



Introductory Data Science 
at Smith College

Ben Baumer
Statistical and Data Sciences

Smith College



A brief history of data science at Smith

● MTH 292 (Data Science)
○ prereqs: intro stats + programming experience
○ Fall 2013: enrollment 18
○ Fall 2014: enrollment 23
○ A Data Science Course for Undergraduates: Thinking with Data, TAS 69 (4), 2015

● SDS 192 (Introduction to Data Science)
○ PKAL/TIDES grant to promote diversity and achievement in STEM
○ prereqs: none -- but willingness to learn to code
○ Spring 2016: enrollment 25

○ Spring 2017: enrollment 89
● SDS major approved in late spring 2016

○ SDS 192 required for the major

http://amstat.tandfonline.com/doi/abs/10.1080/00031305.2015.1081105?journalCode=utas20
http://amstat.tandfonline.com/doi/abs/10.1080/00031305.2015.1081105?journalCode=utas20


SDS 192: Foundational Skills

Data Visualization

~ 3 weeks

Data Wrangling

~ 4 weeks

Reproducible Workflow



SDS 192: Liberal Arts Modules

● “Sequels with SQL”
● Alex Keller, Film Studies
● Q:

○ Horrors and subgenres
○ Westerns over time
○ Genre multiplicity

● Space at MacLeish
● Reid Bertone-Johnson, Landscape 

Studies, MacLeish field station manager
● Q: 

○ Optimal 2nd campsite location
○ algorithmic trail difficulty
○ propose new trails



SDS 192: Modern tools
● Collaborative Projects

● Intrateam Communication

● Online learning

● New book!

https://beanumber.github.io/sds192/

https://beanumber.github.io/sds192/
https://beanumber.github.io/sds192/


Introductory Statistics at 
Smith College

Amelia McNamara
Statistics and Data Sciences

Smith College



Textbook: Introductory Statistics with 
Randomization and Simulation

Available as PDF, tablet-friendly 
PDF, source (GitHub), paper book 
($9 on Amazon)



Integrated computation:
- Weekly labs
- R and RStudio
- RMarkdown assignments

“Flavors” of labs
- base (deprecated?)
- tidyverse  (ggplot2, 

dplyr, etc)
- mosaic 

Some convergence



Final project

- Groups of ~3 students
- Student-chosen data
- Typically multiple 

regression
- Data cleaning



Guidelines for 
Undergraduate 

Data Science Programs
Albert Y. Kim

Middlebury College
http://www.amstat.org/asa/files/pdfs/EDU-DataScien

ceGuidelines.pdf 

http://www.amstat.org/asa/files/pdfs/EDU-DataScienceGuidelines.pdf
http://www.amstat.org/asa/files/pdfs/EDU-DataScienceGuidelines.pdf
http://www.amstat.org/asa/files/pdfs/EDU-DataScienceGuidelines.pdf


UMass Center for Data Science
Industry and Education Outreach



Berkeley’s Data 8
for the Five Colleges
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Patrick Flaherty
Statistics
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GOALS:
Statistical and Computational Literacy for all undergrads, with zero pre-recs.

Support for many other majors interested in building on data science.
Enticement into the Statistics and Computer Science majors.
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Enticement into the Statistics and Computer Science majors.



• Designed for 1st and 2nd-year 
students of any major

– 4 units, MWF lecture + 2-hour W-F lab

– No CS or stats experience required

• Students gain hands-on experience 
with real data while learning 
computing and stats concepts + 
programming 

• Strong support (OHs, HKN/CS Mentors 
tutoring,  Data Scholars program, 
laptop loans, etc.)

• 500+ students per semester & growing

• M-Tu Connectors

12/12/16 NAS UCB 
DSed

48



Data and 
Ethics

Making Sense 
of Cultural Data

Children in the 
Developing 

World        
Social 

Networks

Data Science 
and the MindGenomics and 

Data Science

Data Science
For Smart 

Cities

Data Science for 
Cognitive 

Neuroscience

Comp. 
Structures in 
Data Science

Probability 
and Math 

Stats in Data 
Science

Data Science, 
Demography & 

Immigration

Social Data 
Revolution



Syllabus

Cause & Effect

Expressions & data types

Tables, rows, charts, histograms

Functions, groups, joins, iteration

Privacy

Randomness, sampling, variability

Hypothesis testing, error probs

Confidence intervals & testing

Center & spread

Normal distribution, sample means

Correlation

Linear regression, least squares

Classification, features

Optimization

Comparing samples, A/B testing

Causality

Decisions

Coding in Python (in browser, with Jupiter).  10 Labs.  3 Projects.



51

Data8 - Concepts and Computing
• Fundamental co-mingling of CS & Stat concepts on real data

– Learn computing concepts by doing interesting things on data
– Learn advanced statistical concepts by observing what’s 

interesting
– Codify understanding of concepts symbolically

• “Explorations” in visualization, privacy, personalized medicine,…
• Entirely cloud-based computing environment built on Python 

Jupyter notebooks plus UCB datascience Tables

NAS UCB DSed 51

http://data8.org
http://data8.org


• A single, simple, powerful data structure for all
• Inspired by Excel, SQL, R, Pandas, Numpy, …

NAS UCB 
DSed

5212/12/16

https://github.com/dsten/datascience


• 517 students

12/12/16 NAS UCB 
DSed

53



12/12/16 NAS UCB 
DSed
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Bringing “Data 8” to UMass & the Five Colleges

Collaboration between CS and Statistics.  Cross-listed course.
Support from both departments.

Would form part of the Informatics major.

Computing resources for large-scale Jupiter installation available from CS.

Targeting Spring 2018.  Proposal to faculty senate before May 2017.

Connectors?  Outreach in progress, but will follow our initial offering.

Questions: Interest in “Data 8” from Smith, Mt. Holyoke, Amherst, Hampshire?
Your students might take “Data 8” at UMass?
You would offer your own “Data 8”?
Connectors across the Five Colleges?
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Discussion



Some questions to consider...

1. What should be our goals in coordinating across the Five Colleges?
2. What's an optimal sequence or combination of courses that link research in a 

discipline to tools for data science?
3. What are the key concepts from traditional (statistics and computer science) 

fields that we want students to take away from the first course(s) in this 
pathway?

4. How much more advanced to anticipate undergraduates will be compared to 
current graduates by introducing concepts earlier?

5. How does field-specific knowledge fit into data science education? 
6. What mathematical foundations should students get before entering 

introductory data science courses?



Next Steps...

More discussion across the Five Colleges and across departments.
(Open, friendly discussion among Stats, CS, InfoSci, and application areas was 
very important at Berkeley.)

Launch “Data 8” analogue at UMass as a CS+Informatics+Stats joint effort.
Coordinate with other Five Colleges as they wish.

…

…

...


