MA 589-QL STATISTICAL TECHNIQUES FOR MACHINE

LEARNING AND BIG DATA
SYLLABUS

Semester: Fall 2026

Course Instructor: Keren Li, PhD
Contact Information: kliQuab.edu
Office: University Hall 4041

Office Hours: Thursday 1:00 pm - 2:00 pm

Course Info

Meeting times: Online
Meeting location: Online
Prerequisite: Grade of B or better in MA 585 or grade of B or better in MA 586 or equivalent.
Credits: 3 semester hours
Recommended Textbooks:
An Introduction to Statistical Learning: with Applications in R, 2nd Edition, Gareth
James, Daniela Witten, Trevor Hastie, and Robert Tibshirani, 2021.
The Elements of Statistical Learning, 2nd Edition, Hastie, Trevor, Tibshirani, Robert
and Friedman, Jerome, 2009.
Computer Age Statistical Inference: Algorithms, Evidence, and Data Science, Efron,
Bradley, and Trevor Hastie, 2016.

Course Description

This course provides a principled introduction to Statistical Machine Learning, with a focus on
understanding both the statistical assumptions and the computational foundations behind modern
learning algorithms. We begin by framing learning problems through the lens of optimization and
model-based inference, then study core techniques including linear regression, classification, model
selection, support vector machines, tree-based methods, and unsupervised learning.

Emphasis is placed on interpretable models, algorithmic reasoning, and the bias-variance tradeoff.
Students will use the R programming language to implement methods, analyze data, and complete
a hands-on final project that applies learned techniques to real-world datasets.

Learning Outcomes

Upon successful completion of the course, a student can

(1) Comprehend Fundamental Concepts: Develop a strong understanding of fundamental
concepts in statistical machine learning, including supervised and unsupervised learning,
model evaluation, regularization, and dimensionality reduction.

(2) Apply Techniques: Gain hands-on experience by applying various machine learning tech-
niques, such as linear regression, logistic regression, decision trees, support vector machines,

clustering, and more, to real-world datasets.
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(3) Program in R: Acquire proficiency in the R programming language to implement and
experiment with machine learning algorithms, analyze data, and visualize results.

(4) Interpret Results: Learn to interpret the outcomes of machine learning models, under-
stand the implications of different evaluation metrics, and make informed decisions based
on model performance.

(5) Critical Thinking: Cultivate critical thinking skills by examining the trade-offs between
model complexity and generalization, understanding bias-variance trade-offs, and exploring
the practical challenges of applying machine learning techniques.

(6) Real-world Applications: Recognize the diverse applications of machine learning in var-
ious fields, such as biology, finance, healthcare, and more, and gain the ability to adapt and
apply learned techniques to address real-world problems.

(7) Collaboration and Communication: Enhance teamwork and communication skills through
group discussions, collaborative projects, and presentations, fostering effective communica-
tion of technical concepts.

(8) Ethical Considerations: Understand the ethical implications and potential biases in ma-
chine learning models, and develop a sense of responsibility in applying these tools in a fair
and unbiased manner.

(9) Foundation for Further Learning: Establish a solid foundation in statistical machine
learning that prepares students for more advanced courses, research opportunities, and pro-
fessional roles in data science, artificial intelligence, and related fields.

Course Content

Introduction to Statistical Learning: Overview of machine learning and its applications.
The distinction between supervised, unsupervised, and semi-supervised learning. Model
evaluation and generalization. Introduction to the unified view of learning as optimization
and emphasis on model assumptions.

Linear Methods for Regression: Simple and multiple linear regression. Model fitting, pa-
rameter estimation, and hypothesis testing. Extensions to polynomial regression and regu-
larization.

Model Assessment and Selection: Bias-variance trade-off and overfitting. Regularization
methods (L;, Ls) for improving model robustness. Cross-validation and its application in
model selection. Performance metrics for classification and regression tasks.

Linear Methods for Classification: Logistic regression for binary classification. Multiclass
classification using one-vs-rest and one-vs-one approaches. Maximum likelihood estimation
and decision boundaries.

Basis Expansion and Kernel Methods: Feature transformation and basis expansion tech-
niques. Kernel methods for nonlinear classification and regression.

Support Vector Machines: Maximum margin classifiers and support vector classification.
Nonlinear separation using kernel trick. Soft-margin classification and handling outliers.
Introduction to Stochastic Gradient Descent (SGD), Backpropagation, and the Energy-
Based View of learning.

Tree-based Methods and Boosting: Decision tree construction and split criteria. Ensem-
ble learning with bagging and boosting. Introduction to random forests and gradient boost-
ing.

Unsupervised Learning: Clustering algorithms (K-Means, Hierarchical clustering). Density
estimation with Gaussian Mixture Models (GMM). Principal Component Analysis (PCA)
for dimensionality reduction.
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Optional Advanced Topics: To be included based on course pacing and student interest:
Autoencoders (AEs), Restricted Boltzmann Machines (RBMs), Energy-Based GANs, Neural
Network Blocks and Attention Mechanisms, Meta-learning, and Reinforcement Learning.

Course Grade

Your grade in the course is determined by the points earned throughout the semester.

Homework Assignments: (70% total)

Preparation: R Programming Basics and Tools (10%)

Chapter 2: Linear Methods for Regression (10%)

Chapter 3: Model Assessment and Selection (10%)

Chapter 4: Linear Methods for Classification (10%)

Chapter 5: Basis Expansion and Kernel Methods (10%)

Chapter 6: Support Vector Machines (10%)

Chapter 7: Tree-based Methods and Boosting (10%)

Final Project Report: (30%)

Students will complete a comprehensive term project individually or in teams of up to
two students.

The project requires students to apply statistical machine learning techniques to a real-
world dataset or problem of their choice.

The final project should demonstrate graduate-level depth. Projects are expected to
include a comparison of multiple machine learning methods, discussion of model assumptions
and limitations, and an extensive analysis of results. Whenever appropriate, students are
encouraged to consult and cite relevant research literature.

Project requirements include:

e Problem formulation and motivation.

e Data acquisition and preprocessing.

e Exploratory data analysis.

e Implementation of one or more machine learning methods.

e Model assessment and comparison.

e Interpretation of results.

e Discussion of limitations and future work.

e Documentation of Al usage, if applicable.

The final report must:

e Be submitted in PDF format.

e Be a minimum of 10 pages including figures, tables, and references.

e Include the following sections:

— Title Page

— Abstract

— Introduction

— Data Description

— Methodology

— Data Preprocessing

— Results and Analysis

— Discussion

— Conclusion

— References

— Al Usage Statement
The final project report is due on December 6, 2026, at 11:59 PM.
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Points earned | Grade
85-100+ A
75-84 B
65-74 C
50-64 D
0-49 F

Course Policies

Make-up: No late assignment will be accepted without a valid excuse.
Group: Homework is to be completed independently. Term project report is to be completed

in groups of 1-2 students each. Everyone in the group will get the same score.

Add/Drop and Course Withdrawal: Drop/Add: Deadlines for adding, dropping, or with-

drawing from a course and for paying tuition are published in the Academic Calendar avail-
able online. Review the Institutional Refund Policy for information on refunds for dropped
courses. It is the students responsibility to initiate add/drop procedures. Students may drop
and add courses online after they have registered and until the drop/add deadline online
using BlazerNET. Withdrawal: To avoid academic penalty, a student must withdraw from
a course by the withdrawal deadline shown in the academic calendar and receive a grade of
W (withdrawn). Failure to attend class does not constitute a formal drop or withdrawal.
The official course withdrawal must be completed online in BlazerNET.

Divisive Concepts: All University faculty, instructors and teaching staff have the academic

freedom to explore, discuss, and provide instruction on a wide range of topics in an academic
setting. This class may present difficult, objectionable, or controversial topics for consid-
eration, but will do so through an objective, scholarly lens designed to encourage critical
thinking. Though students may be asked to share their personal views in the academic
setting, no student will ever be required to assent or agree with any concept considered
"divisive” under Alabama law, nor penalized for refusing to support or endorse such a con-
cept. All students are strongly encouraged to think independently and analytically about
all material presented in class and may express their views in a time, place, and manner,
consistent with class organization and structure, and in accordance with the University’s
commitment to free and open thought, inquiry, and expressions.

Shared Values Statement: Collaboration, integrity, respect, and excellence are core values

of our institution and affirm what it means to be a UAB community member. A key
foundation of UAB is diversity. At UAB, everybody counts every day. UAB is committed
to fostering a respectful, accessible and open campus environment. We value every member
of our campus and the richly different perspectives, characteristics and life experiences that
contribute to UAB’s unique environment. UAB values and cultivates access, engagement
and opportunity in our research, learning, clinical, and work environments. Our CAS aims to
create an open and welcoming environment and to support the success of all UAB community
members.

Academic Integrity Code: Your success while at UAB and after graduation is valued by

the University. To gain and grow in the knowledge and skills needed for your future career, it
is vital that you complete your own work in your courses and in your research. The purpose
of the Academic Integrity Code is to support our academic mission and to maintain and
promote academic integrity. All students in attendance at UAB are expected to pursue all
academic endeavors with integrity, honor, and professionalism and to observe standards of
conduct appropriate to a community of scholars. Please be sure you understand the different
forms of “academic misconduct” covered by the code. See what UAB students say about
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academic integrity and review the FAQs about the code for details on the Student Academic
Integrity webpage.

Artificial Intelligence Use: Academic misconduct is present in an academic work wherever
AT assistance has been used when unauthorized, or when authorized, has not been disclosed
as required. Such behavior is considered deceit and a violation of UABs shared commitment
to truth and academic integrity. Deceit constitutes academic misconduct and is subject to
review according to UABs Academic Integrity Code.

Student Conduct Code: The purpose of the University of Alabama at Birmingham (Uni-
versity) student conduct process is to support the vision, mission, and shared values of the
University and the tenets of the Universitys creed, The Blazer Way. Through a student-
focused and learning-centered lens, the process strives to uphold individual and community
standards; foster an environment of personal accountability for decisions; promote personal
growth and development of life skills; and care for the well-being, health, safety, and property
of all members of the University community. The Student Conduct Code (Code) describes
the standards of behavior for all students and student organizations and outlines students
rights and the process for adjudicating alleged violations. It is set forth in writing in order to
give general notice of non-academic prohibited conduct. The Code should be read broadly
and is not designed to define non-academic conduct in exhaustive terms. All students and
student organizations are expected to conduct themselves in accordance with the Code. The
current version of the Code, which may be revised periodically, is available from the Office
of Community Standards & Student Accountability.

Intellectual Property: My lectures and course materials, including PowerPoint presenta-
tions, quizzes, exams, outlines, and similar materials, are protected by copyright. You may
take notes and make copies of course materials for your own use. You may not and may not
allow others to reproduce or distribute lecture notes and course materials publicly, whether
or not a fee is charged, without my expressed written consent.

Disability support Services (DSS): UAB is committed to providing an accessible learn-
ing experience for all students. If you are a student with a disability that qualifies under
Americans with Disabilities Act (ADA) and Section 504 of the Rehabilitation Act, and
you require accommodations, please contact Disability Support Services for information on
accommodations, registration and procedures. If you are registered with Disability Sup-
port Services, please contact DSS to discuss accommodations that may be necessary in this
course. Disability Support Services can be reached at 934-4205 or www.uab.edu/dss or in
the Hill Center Suite 409.

Title IX Statement: UAB is committed to providing an environment that is free from sex-
ual misconduct, which includes gender-based assault, harassment, exploitation, dating and
domestic violence, stalking, as well as discrimination based on sex, sexual orientation, gen-
der identity, and gender expression. If you have experienced any of the aforementioned
conduct we encourage you to report the incident. For more information about Title IX, pol-
icy, reporting, protections, resources and supports, please visit http://www.uab.edu/titleix
for UAB’s Title IX Policy, UAB’s Equal Opportunity, Anti Harassment Policy and Duty to
Report and Non-Retaliation Policy.

Violence Prevention and Response Policy: The University of Alabama at Birmingham
(UAB) is committed to maintaining a safe and secure educational environment and work-
place, one which seeks to ensure the well-being and safety of faculty and staff, employ-
ees, students and visitors. Violence and threatened violence are prohibited by UAB. Each
member of the UAB community has the responsibility to understand, prevent and respond
appropriately to campus/workplace violence. View the Violence Prevention and Response
Policy.



6 MA 589-QL STATISTICAL TECHNIQUES FOR MACHINE LEARNING AND BIG DATA SYLLABUS

Technology: General and course-specific technical skills learners must have to succeed in

e Using the learning management system

e Using email with attachments

e Creating and submitting files in commonly used word processing program formats

e Downloading and installing software

e Using spreadsheet programs

e Using presentation and graphics programs

e Using apps in digital devices

e Using web conferencing tools and software

Digital information literacy skills are as follows:

e Using online libraries and databases to locate and gather appropriate information

e Using computer networks to locate and store files or data

e Using online search tools for specific academic purposes, including the ability to
use search criteria, keywords, and filters

e Analyzing digital information for credibility, currency, and bias (e.g., disinforma-
tion, misinformation)

e Properly citing information sources

e Preparing a presentation of research findings

Access technical support and view privacy policies and accessibility statements for Can-

vas and other technologies on the Student Academic Technologies website. Additionally,

view information about the Minimum System Requirements and Technical Skills.
Student Academic and Support Services:

e One Stop Student Services provides a single point of professional integrated ser-
vice to students. The One Stop serves students who need assistance with academic
records, financial aid, registration, student accounting, ONE card, and other re-
lated topics.

e Student Assistance and Support provides individualized assistance to promote
student safety and well-being, collaboration and resilience, personal accountabil-
ity, and self-advocacy. The Care Team consults and collaborates with campus
partners to balance the needs of individual students with those of the overall
campus community. The UAB Care Team helps find solutions for students expe-
riencing academic, social, and crisis situations including mental health concerns.

e Disability Support Services assists students with in reaching accommodations for
their educational experiences at UAB that ensure that they have equal access to
programs, services, and activities at UAB.

e The Vulcan Materials Academic Success Center provides tutoring, supplemen-
tal instruction, and other services that encourage goal achievement and degree
completion.

e The University Writing Center offers free writing assistance for all UAB students.
Get help at any stage of the writing process and with any type of writing. Students
may meet with a tutor in person or via Zoom. Students may also upload a paper
for feedback (called eTutoring in the online system). During in-person and Zoom
sessions, tutors can help you understand your assignment, develop and organize
your ideas, use and cite sources, revise and edit your draft, and more. When
you upload a draft for eTutoring, tutors can provide feedback on both big-picture
issues and detail-oriented concerns; please note that you must upload a draft
and assignment sheet to use eTutoring. To make an appointment or get more
information, please see the UWC website, email writingcenter@Quab.edu, or call
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205-996-7178. Follow the UWC on Facebook, Instagram, and LinkedIn for daily
news and quick writing tips.

e UAB Student Health Services delivers comprehensive, high quality, confidential,
primary healthcare to students. Student Health provides testing services and
vaccination clinics.

e Student Counseling Services offers students a safe place to discuss and resolve
issues that interfere with personal and academic goals. UAB has created a new
app (available in the App Store and Google Play) called B Well, that is designed
to easily access resources on mobile devices and build a self-care plan. Kognito
is a free, interactive simulation-based platform designed to help you talk with
someone when you are worried about your mental health.

e UAB Blazer Kitchen at the Hill Student Center provides food and basic supplies
for any UAB student in need through in-person or online shopping. Students who
can are also able to donate food and supplies to assist their peers. To get more
information, call 205-975-9509, email studentoutreach@uab.edu, or visit Student
Assistance & Support website.

e eLearning and Professional Studies provides numerous academic technologies and
learning resources for students whose learning may be affected by COVID. The
following are the various websites describing additional student academic and
technology resources:

— UAB Policies for Students
— Student Academic and Support Services
— Technology Resources



