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Outline of Presentations

Two presentations this afternoon:

« Part 1 - Department of Statistics at Cal Poly San Luis Obispo:
Overview and Recent Changes

« Part 2 - Web Application Tools for Statistics Using R and Shiny



Introduction




Self-Introduction

Academic Background

+ 2003 Ph.D. Statistics, North Carolina State University
Advisor: Dr. Roger Berger

¢ 2003 Assistant Professor, Cal Poly Statistics Dept.

+ 2009 Associate Professor, Cal Poly Statistics Dept.

* 2014 Professor, Cal Poly Statistics Dept.

Academic Experiences in Japan

¢ 2000 NSF/Monbusho Summer Research Program
Advisor: Dr. Takashi Yanagawa (Kyushu Univ.)
Visited Univ. Hiroshima, RERF, ISM

*+ 2003 Visit with Dr. Yanagawa (Kyushu Univ.), ISM
*+ 2005 Visit with Dr. Yanagawa (Kurume Univ.)
+ 2016 Foreign Visiting Researcher at ISM (June 1-30)

— ISM Faculty Host: Dr. Satoshi Kuriki



Cal Poly Introduction
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Cal Poly Introduction

U.S. NEWS & WORLD REPORT

IN THE WEST

Public-Master’s University
23RD CONSECUTIVE YEAR
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Department Background

Cal Poly SLO Statistics Department

+ College of Science and Mathematics
 Formerly Computer Science and Statistics Department
(1970-84)
+ Department of Statistics (1984-Present)
+ 19 tenured and tenure track professors
- 8 lecturers
- Strong reputation as a leader in Statistics Education

 Though a strictly undergraduate program, we have a very
rigorous curriculum (semi-masters level)



Statistics Faculty: Rank — Professor

Karen McGaughey
Allan Rossman”
Andrew Schaffner
Jeff Sklar

John Walker
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Name Doctoral Institution
Matt Carlton UCLA

Beth Chance Cornell

Jimmy Doi NC State University
Ulric Lund UC Santa Barbara

Kansas State University
Carnegie Mellon
University of Washington
UC Santa Barbara
Cornell

*Department Chair
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Statistics Faculty: Rank — Associate Professor

Name Doctoral Institution
1 | Samuel Frame | UC Santa Barbara
Steve Rein UC Berkeley
3 | Soma Roy Ohio State University
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Statistics Faculty: Rank — Assistant Professor

Name Doctoral Institution

Prince Alfriye Temple University

Hunter Glanz Cal Poly San Luis Obispo
Gary Hughes University of Pennsylvania
Kevin Ross UNC Chapel Hill

Shannon Pileggi | Emory University
Anelise Sabbag | University of Minnesota
Dennis Sun Stanford University
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Hopefully more to be added by 2016-17 academic year.
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Statistics Education Background

« | served as Asst. Editor to the Journal of Statistics Education

+ Exposed to Statistics Education Research via Faculty

+ Faculty Active in Statistics Education: B. Chance’, K. McGaughey,
R. Peck, A. Rossman, S. Roy®

+ Textbook Author
- Faculty authors: M. Carlton, B. Chance, J. Devore, ). Doi, R. Peck,
A. Rossman, S. Roy, A. Schaffner, J. Sklar

« Author of Recent Statistics Education Paper
- Doi, )., Potter, G., Wong, J., Alcaraz, I., and Chi, P.
“Web Application Teaching Tools for Statistics Using R and Shiny”
(Mar. 2016) Technology Innovations in Statistics Education 9(1).

This paper is the basis of the seminar presentation later this afternoon.

"Newly elected Chair for ASA Section on Statistics Education
2Current Editor of the Journal of Statistics Education
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Program Overview




Academics

The Statistics Department is a strictly undergraduate department.

We offer:

- Bachelors of Science in Statistics
(roughly 120 majors across four years)

« Statistics Minor, Actuarial Preparation Minor
(roughly 70 minors across two years)

+ Cross Disciplinary Studies Minor in Data Science
NEW: Started Fall 2015

* SAS Joint Certificate Program
NEW: Started Fall 2015

14



Statistics Major

« Total of 180 units required (based on quarter system)

+ Most classes are 4 units each

+ 2015-17 Statistics curriculum?
The curriculum sheet lists the major, support, general
education and elective courses required to earn the degree.

+ 2015-17 Statistics flowchart*
The flowchart gives an idea of what courses to take on a
quarter-by-quarter basis. The flowchart presents one possible
path to a Statistics degree; others would be equally valid.

3http:/ /flowcharts.calpoly.edu/downloads/curric/15-17.Statistics.pdf
“http:/ /flowcharts.calpoly.edu/downloads/mymap/15-17.76STATBSU.pdf
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Statistics Major: Example Sequence®

* Year1
- Fall: Intro to Stat Invest., Calc I, Expository Writing, Gen. Ed.
« Winter: Stat [, Calc II, Oral Comm., Gen. Ed.
+ Spring: Stat II, Calc Ill, Intro Program. (Python), Argumentation

* Year 2
« Fall: Intro to Prob./Simul.,, App’d Regression, Calc IV, Gen. Ed.
+ Winter: Design of Exper.,, Computing: SAS, Lin. Algebra, Gen. Ed.
» Spring: Computing: R, Methods of Proof, Gen. Ed., Elective

* Year3
« Fall: Prob. Theory, Stat Elective, Gen. Ed. (2)
+ Winter: Estim./Sampl. Theory, Stat Elective, Gen. Ed. (2)
+ Spring: Mathematical Statistics, Stat Elective, Gen. Ed.

* Year 4
- Fall: Senior Project I, Stat Elective, Support Elective, Gen. Ed.
« Winter: Senior Project Il, Stat Elective, Support Elective, Gen. Ed.
+ Spring: Stat Comm./Consulting, Stat Elective, Gen. Ed., Elective

SCourses in red are statistics courses taught by our department.



Recent Curriculum Changes




Important References

« The American Statistician Vol. 69, Issue 4 (2015): Special Issue
on Statistics and the Undergraduate Curriculum (Nov. 2015)°

« Article Topics: Modernizing the statistics curriculum, Statistical
computing, Data science, Simulation-based teaching methods,
Program Assessment

« Authors include Cal Poly’s Beth Chance, Roxy Peck, Soma Roy

- American Statistical Association: Curriculum Guidelines for
Undergraduate Programs in Statistical Science (Nov. 2014)’
+ In her last visit Dr. Roxy Peck made reference to the ASA
document with similar title made in 2002.
+ Key Points of Current Document:
(1) Increased importance of data science, (2) More diverse models
and approaches, (3) Ability to communicate, () Real applications

6http:/ /www.tandfonline.com/toc/utas20/69/4
7http:/ /www.amstat.org/education/curriculumguidelines.cfm
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Three Key Points from References

1. Importance of Data Science
2. Teaching More Diverse Models and Approaches
3. Fostering Communication

These key points correspond to important recent changes that are
occurring in our department’s curriculum.



1. Importance of Data Science




New Data Science Minor

Cross Disciplinary Studies Minor in Data Science

+ Collaboration between Computer Science and Statistics
Department

« First program of its kind at Cal Poly
- Start date: Sept. 2015

- Reference: Innovative Technical Education Curriculum:
Cross-Disciplinary Minor in Data Science: Structuring Data
Science Education To Benefit From Existing Programs?®

8https:/ /www.dropbox.com/s/ejokya8g3y7inuz/Schaffner_DataScienceMinor.pdf?dl=0
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New Data Science Minor

- Statistics courses: - Computer Science courses:
+ Intro Stat - Discrete Structures
- Probability Models - Algorithms
+ Regression Analysis + Knowledge Discovery with Data
- Multivariate Methods - Databases
« Computing with R « Distributed Computing

- Data Science courses (NEW):

« DATA 301: Intro Data Science

+ DATA 401: Data Science

+ DATA 451: Data Science Capstone |
 DATA 452: Data Science Capstone Il

20



DATA 301: Intro to Data Science

NOTE: This is to be taken at the early stage so that students can see
if they would like to continue with the data science program.

Course Description:

Introduction to the field of data science and the workflow of a data
scientist. Types of data (tabular, textual, sparse, structured,
temporal, geospatial, images, and audio), basic data management
and manipulation, simple summaries, and visualization.

To be taught primarily in Python (and some R)

21



DATA 401: Data Science

NOTE: This is to be taken during the senior year after majority of
computer science and statistics courses are completed.

Course Description:

Principles of data science and big data analytics. Volume, velocity,
and variety of data. Acquisition, processing, and cleaning of large
datasets. Analytics for big data.

To be taught primarily in Python (and some R)

22



DATA 451, 452: Data Science Capstone | and Il

Course Description:

+ 6-month long capstone sequence at end of program
« Working with real clients, student teams will manage all
aspects of the data science workflow
« In collaboration with clients, they will
- specify and design project requirements
- implement data gathering methods
+ deliver a system/methodology involving large quantities of data

+ Projects will include technical documentation, quality
assurance, integration and systems testing.

+ Meant to give students real-world experience so that they can
be ready for industry and scientific applications

23



2. Teaching More Diverse Models
and Approaches




Teaching more diverse models and approaches

In an effort to modernize and diversify our course offerings the
following classes will start soon in our department:

« STAT 334: Applied Linear Models
« STAT 414: Multilevel and Mixed Modeling
« STAT 415: Bayesian Reasoning and Methods

« STAT 434: Statistical Learning: Methods and Applications

NOTE: The STAT 434 material is based on the field of machine learning.

24



STAT 334: Applied Linear Models

Course Description:

Linear models in algebraic and matrix form, diagnostics,
transformations, polynomial models, categorical predictors, model
selection, correlated errors, logistic regression.

« Course is intended for statistics majors

+ This course will parallel STAT 324 (Applied Regression Analysis)
which will now be taught without matrix algebra (for minors)

Text: Kutner, Nachtsheim, and Neter, Applied Linear Regression
Models (4th Ed.)

25



STAT 334: Applied Linear Models Text

APPLIED LINEAR
REGRESSION MODELS

Nachtsheim

Neter
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STAT 414: Multilevel and Mixed Modeling

Course Description:

Overview of multilevel and mixed models, including hierarchical
data, intraclass correlation, fixed vs. random coefficients, variance
components, comparisons to traditional analyses.

Text: Snijders and Bosker, Multilevel Analysis: An Introduction to
Basic and Advanced Multilevel Modeling (2nd Ed.)

27



STAT 414: Multilevel and Mixed Modeling Text

2 edition

MULTILEVEL /=
ANALYSIS
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STAT 415: Bayesian Reasoning and Methods

Course Description:

Bayes’ theorem, prior and posterior distributions, likelihood
functions, Markov Chain Monte Carlo methods, hierarchical
modeling. Bayesian data analysis, comparison of Bayesian and
classical (frequentist) approaches.

Text: Kruschke, Doing Bayesian Data Analysis (2nd Ed.)

29



STAT 415: Bayesian Reasoning and Methods Text

Doing Bayesian
Data Analysis

A Tutorial with R, JAGS, and Stan
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John K. Kruschke
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STAT 434: Statistical Learning: Methods and Applications

Course Description:

Modern methods in predictive modeling and classification. Splines,
smoothing splines, ridge regression, LASSO, regression and
classification trees, generalized additive models, logistic
regression, and linear discriminant analysis. Model assessment and
selection using cross validation, bootstrapping, AIC, and BIC.

Text: James, Witten, Hastie, Tibshirani, An Introduction to Statistical
Learning: with Applications in R (1st Ed.)

31



STAT 434: Statistical Learning: Methods and Applications Text

Springer Texts in Statistics

Gareth James
DENTEER D
Trevor Hastie
Robert Tibshirani

with Applications in R

@ Springer
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3. Fostering Communication




Statistics Major: Example Sequence

* Year 1
- Fall: Intro to Stat Invest., Calc I, Expository Writing, Gen. Ed.
« Winter: Stat I, Calc I, Oral Comm., Gen. Ed.
« Spring: Stat II, Calc I, Intro Program. (Python), Argumentation
* Year 2
+ Fall: Intro to Prob./Simul., App’d Regression, Calc IV, Gen. Ed.
- Winter: Design of Exper., Computing: SAS, Lin. Algebra, Gen. Ed.
 Spring: Computing: R, Methods of Proof, Gen. Ed., Elective
* Year 3
+ Fall: Prob. Theory, Stat Elective, Gen. Ed. (2)
+ Winter: Estim./Sampl. Theory, Stat Elective, Gen. Ed. (2)
 Spring: Mathematical Statistics, Stat Elective, Gen. Ed.
* Year 4
- Fall: Senior Project |, Stat Elective, Support Elective, Gen. Ed.
- Winter: Senior Project Il, Stat Elective, Support Elective, Gen. Ed.
« Spring: ’ Stat Comm./Consulting ‘ , Stat Elective, Gen. Ed., Elective

33)



Statistics Communication: STAT 465

STAT 465: Statistical Communication and Consulting
(taught since early 2000)

Development of tools necessary to

« conduct effective consulting sessions

- present oral arguments and written reports
- work collaboratively to solve problems

« utilize professional publications in statistics

Problem: Students need more practice in statistics communication,
should start earlier in curriculum.

34



A New Statistics Communication Course

Solution: Create another statistics communication course for
students to take around 2nd year.

STAT 365: Statistical Communication (to start soon)

+ Written communication of statistical ideas and content
+ Analyze data using methods from previous statistics courses
« Writing technical reports with appropriate graphs and tables

« Strategies to communicate data, ideas, and results to different
audiences

Total of two statistical communication courses: Year 2 (STAT 365),
Year 4 (STAT 465)

Text: Miller, The Chicago Guide to Writing about Numbers (2nd Ed.)
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STAT 365: Statistical Communication Text

THE CHICAGO GUIDE

TO WRITING ABOUT

NUMBERS
SECOND EDITION

JANE E. MILLER

36



Summary




« Our statistics department continues to grow and change

+ Recent changes are inline with recommendations from the
Curriculum Guidelines for Undergraduate Programs in
Statistical Science

- Importance of Data Science
« More Diverse Models and Approaches
- Fostering Communication

+ We continue to seek ways to improve our curriculum. Feedback
or suggestions you may have would be most helpful to us.

« Likewise please do not hesitate to ask me if there is any way |
can be of some assistance to you.

Email: jdoiacalpoly.edu
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