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Spring 2026
Time Series Analysis with Machine Learning
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"All models are wrong, but some are useful."
— George Box, 1976, Statistician 
"Forecasting is not about predicting the future; it’s about reducing uncertainty."
— Paul Saffo, 2007
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AI-generated content may be incorrect.]Instructor Information  
[bookmark: _Hlk205462374]I am Dr. Orhan Erdem, a faculty member in the Department of Advanced Data Analytics and Statistics at UNT.  You can reach me at orhan.erdem@unt.edu. Outside of work, I enjoy swimming, playing pickleball, and playing violin. 
Class Hours: T 6-7:50 pm 
Office Hours: 
· Online: Schedule an online meeting via Calendly here (M 9-11 am).
· In-person: M-T-W-Th 9-11am in Denton, GAB 102J.
· You can also arrange a different time if none of the above works for you by emailing me.
Course Description
This course explores time series analysis through both traditional statistical techniques and modern machine learning and artificial intelligence methods. Students learn to identify key characteristics of time series data, such as trend, seasonality, stationarity, and autocorrelation, and to apply appropriate modeling and estimation techniques. Machine learning algorithms are then introduced to enhance predictive performance and address complex, real-world dynamics.
The course adopts a data-driven, applied perspective, emphasizing practical implementation using real-world datasets from domains such as finance, healthcare, and education. Students gain hands-on experience evaluating model performance and adapting methods to diverse time series contexts. By the end of the course, students are equipped to apply time series analysis techniques to a wide range of real-world data problems, making the course particularly well suited for aspiring data analysts and data scientists.
Course Structure
The course is structured into 8 modules and will be delivered in-person. I will also hold office hours (please see above for days and times). In addition to accessing the lectures, students are expected to engage in supplementary activities, including reading textbooks and articles, completing/assignments, and participating in asynchronous discussions.
Course Prerequisites or Other Restrictions
This course requires that the student has completed ADTA 5230 Data Analytics or equivalent college graduate-level statistics and data analytics courses before enrollment. Competence in Excel is also suggested. Even though Python proficiency is not a required skill, it is highly recommended. 
Communication Expectations
The preferred way to contact us is via email. While I have a workspace on campus, I encourage you to request a meeting time to ensure I have dedicated time in which I can answer your questions. Emails will be answered as quickly as possible, usually in one business day or less. When sending an email, please include the course name and section you are in, as I teach several different courses, and this makes it easier for us to access the correct course on Canvas.
Course Objectives
By the end of the course, all students should be able to:
1. Gain a thorough understanding of key time series principles, including trend analysis, seasonality detection, autocorrelation, and stationarity
2. Use families of SARIMA, ARCH/GARCH, and exponential smoothing to model time series.
3. Present any time series with proper data visualization tools.
4. Decide on the most appropriate ML algorithm to forecast time series
5. Use time series analysis for classification/prediction.
6. Facilitate machine learning algorithms to forecast time series and deploy them. 
7. Become proficient in using programming language for time series analysis, which includes data manipulation, visualization, model building, and evaluation using popular libraries.
8. Structure and present a research paper with clear introduction, methods, results, and discussion sections, and submit a final report that meets academic standards.
Materials/Textbook
There is no required textbook for this course. I will primarily use my own notes, which will be provided to you with each module. However, the following two books are highly recommended as valuable companions to the course.
	Book 1
	Book 2

	Modern Time Series Forecasting with Python (MTSFP), by Manu Joseph, 2022, Packt Publishing, ISBN: 978-1-80324-680-2 

	Practical Time Series Analysis (PTSA), by Aileen Nielsen, Released October 2019, O'Reilly Media, Inc., ISBN: 9781492041658
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Course Calendar
	Week/Date
	Modules and Topics
	Activities

	[bookmark: _Hlk122723673]Module 1
(Jan 12-25)

	Introducing Time Series
· Time Series: An Overview
· Finding and Wrangling Time Series Data
	· Read and review Ch 2 from lecture notes 
· FR[footnoteRef:1]: Ch 1, 2 from PTSA. [1:  FR: Further references] 

· Complete DataCamp 1

	Module 2
(Jan 26- Feb 8)

	Exploratory Data Analysis for Time Series
· Time-Series Specific Methods
· Choosing the Best Visualization for Projects
· Regression, correlation, and stationarity
	· Submit Homework 1
· Read and review Ch 3-5 from lecture notes
· FR: Ch 3 from PTSA.
· Complete DataCamp 2

	Module 3
(Feb 9-22)
	Statistical Models for Time Series
· Stationarity, differencing
· Measuring Error
	· Submit Homework 2 and DataCamp 3
· Read Ch 6 from lecture notes
· FR: Ch 6 from PTSA.

	[bookmark: _Hlk122723433]Module 4
(Feb 23- Mar 8)
	Ensembling and Stacking
· Combining Forecasts
· Optimal weighted ensemble
	· Submit Homework 3
· Read Ch 9 from MTSFP.
· Complete DataCamp 4

	Spring Break (March 9-15)

	Module 5
(Mar 16-22)

	Machine Learning for Time-Series
· Decision Tree Models
· Random Forest
	· Read and review Ch 10, 11 from lecture notes. 
· FR: Ch 9 from PTSA.

	Module 6
(Mar 23-Apr 5)

	Deep Learning for Time Series
· Feed Forward Networks
· CNNs
· RNNs
	· Submit Homework 4 and DataCamp 5
· Read and review Ch 13-14 from lecture notes
· FR: Ch 10 from PTSA.

	[bookmark: _Hlk122723496]Module 7
(Apr 6-19)
	Applications
· Case Studies in Healthcare: Predicting the Flu
· Case Study: Stock Prices
	- Read the assigned resources
- Project submission (written part: April 21) 

	Module 8
(Apr 20- 30)
	· Presentations
	- Project presentations (April 28)




Grading 
The course grade will be determined based on the following:
	Assignments
	Percentage of Final Grade

	1. Data Camp
	25%

	2. Homework 
	25%

	3. In-class assignment
	25%

	4. Final Project
	25%

	5. Bonus (max 10% is possible)
	0%


I.1. Course Assignment Information
Your final grade will be determined by your overall performance across the following four components:
Data Camp
To help gain hands-on experience in applying statistical learning techniques using Python, this course will include various Python DataCamp assignments. To earn full marks, you only need to finish the DataCamp module by the deadline. Note that on DataCamp, you may get the answers to the exercises but try as many of the exercises so you get more practice in Python, and if you request the answer, review the code to understand the solution. Note that you must use the UNT e-mail address when registering to use the free 6-month subscription to DataCamp. Additionally, the certificate you submit must include your full name. The DataCamp modules are as follows:
· Intermediate Python (due: January 26)
· Alternative: Manipulating Time Series Data in Python
· Visualizing Time Series Data in Python (due: February 9)
· Alternative: Machine Learning for Time Series Data in Python
· Exploratory Data Analysis in Python (due: Feb 23)
· Alternative: ARIMA Models in Python
· Time Series Analysis in Python (due: Mar 9)
· Introduction to Deep Learning in Python (due: April 9)
[bookmark: _Hlk491438263]If you have previously completed any of these courses, you have two options:
· Option 1: Retake the DataCamp course. The certificate must have a completion date of January 6, 2026, or later (certificates dated before January 6, 2026, will not be accepted).
· Option 2: Choose an alternative DataCamp course that matches the duration of the original course and is not included in the list of courses you are supposed to take this semester (refer to the additional DataCamp assignments on Canvas). If you select this option, you must upload two certificates: your original certificate for the previously completed course and the certificate for the new course. Ensure that the completion date on the new course certificate is on or after January 6, 2026.
Homework
This course is mainly composed of running a semester-long project, which will have intermediary steps, which are going to be your homework’s. Your lowest homework grade will be dropped. 
In-Class Assignment
You are expected to attend and actively participate in in-class activities, which are designed to complement and enhance the theoretical components of the course through practical engagement. These activities will be announced in advance to allow for adequate preparation. Participation requires your presence in the classroom, as remote participation is not permitted.
Final Project
1.1. Written Research Project
Students will submit a research paper. You are supposed to choose a topic, develop a research question related to your topic, and perform sound research. Be as clear and understandable as possible. Anybody without prior knowledge in the field who reads your project should be impressed by your work. The project can be completed in teams of a maximum of 2 people (please see the Guide on Canvas for the rubrics).

4.2 Presentation of the Research Project
Students must present their research findings in the classroom, limited to a maximum duration of 20 minutes (Please see the Guide for the rubrics on Canvas).
Bonus/ Extra Credit
In this class, there are several opportunities to earn extra credit:
· I often provide additional puzzles, and homework assignments, or pose questions to stimulate engagement. Participating in these activities can earn you extra points.
· Editing and correcting lecture notes, as well as reporting any errors you identify in lecture videos, will be rewarded. This is handled on a first-come, first-served basis, so students are encouraged to remain proactive.
· Occasionally, there are short research projects or activities available for those who wish to volunteer. I will announce these opportunities as they arise.
Please try to interact as much as possible to take full advantage of these opportunities.
Students will be notified by Eagle Alert if there is a campus closing that will impact a class and describe that the calendar is subject to change, citing the Campus Closures Policy (https://policy.unt.edu/policy/15-006). 

I.2 Assessing Your Work
Your letter grade will be determined by the following overall grading scheme
	   Course Score (%)
	Letter Grade

	90-100
	A

	80-89.99
	B

	70-79.99
	C

	60-69.99
	D

	0-59.99
	F


Late Work 
All work for this course is due no later than 11:59 pm on the designated date. Any assignment submitted after that time will receive a 10% grade reduction for each day it is late. Assignments handed in after answers are distributed will receive no credit.

Welcome to UNT!
As members of the UNT community, we have all made a commitment to be part of an institution that respects and values the identities of the students and employees with whom we interact. UNT does not tolerate identity-based discrimination, harassment, and retaliation. UNT’s full Non-Discrimination Policy can be found in the UNT Policies section of the syllabus.
Important Notice for F-1 Students taking Distance Education Courses 
Federal Regulation
Federal regulations state that students may apply only 3 fully online semester credit hours (SCH) to the hours required for full-time status for F-1 Visa (DOC) holders. Full-time status for F-1 Visa students is 12 hours for undergraduates and 9 hours for graduate students. To read detailed Immigration and Customs Enforcement regulations for F-1 students taking online courses, please go to the Electronic Code of Federal Regulations website (http://www.ecfr.gov/). The specific portion concerning distance education courses is located in Title 8 CFR 214.2 Paragraph (f)(6)(i)(G).
Course Technology & Skills
[bookmark: Tech]Canvas Technical Requirements / Assistance
Access and Log-in Information 
This course was developed and will be facilitated utilizing the CANVAS Learning Management System. To get started with the course, please go to:   https://unt.instructure.com
You can access student guides on Canvas at this site. You will need your EUID and password to log in to the course. If you do not know your EUID or have forgotten your password, please go to: https://ams.unt.edu/ 
Download the Canvas Student app on Android and iOS devices. 
Minimum Technology Requirements
To be successful in this course, you will need the following:
· Computer
· Reliable internet access 
· Speakers/microphone/camera
· Microsoft Office Suite with the current version of Excel
· Canvas Technical Requirements (https://clear.unt.edu/supported-technologies/canvas/requirements)
Computer Skills & Digital Literacy
This course utilizes Python to perform analytics techniques with a curriculum delivered on our Canvas learning management system platform. You should be able to successfully:
· Use Canvas, including uploading and downloading files and posting to discussion boards
· Send an email with attachments.
· Download and install software.
· Use spreadsheet programs.
· Use presentation and graphics programs.
Technical Assistance
Part of working in the online environment involves dealing with the inconveniences and frustration that can arise when technology breaks down or does not perform as expected. Here at UNT, we have a Student Help Desk that you can contact for help with Canvas or other technology issues. 
UIT Help Desk: UIT Student Help Desk site (http://www.unt.edu/helpdesk/index.htm)
Email: helpdesk@unt.edu     
Phone: 940-565-2324
In Person: Sage Hall, Room 130
Walk-In Availability: 8am-9pm
Laptop Checkout: 8 am-7 pm

Rules of Engagement
Rules of engagement refer to the way students are expected to interact with each other and with their instructors. Here are some general guidelines:
· While the freedom to express yourself is a fundamental human right, any communication that utilizes cruel and derogatory language on the basis of race, color, national origin, religion, sex, sexual orientation, gender identity, gender expression, age, disability, genetic information, veteran status, or any other characteristic protected under applicable federal or state law will not be tolerated.
· Treat your instructor and classmates with respect in any communication online or face-to-face, even when their opinion differs from your own.
· Ask for and use the correct name and pronouns for your instructor and classmates.
· Use your critical thinking skills to challenge other people’s ideas, instead of attacking individuals. 
· Avoid using all caps while communicating digitally. This may be interpreted as “YELLING!”
· Be cautious when using humor or sarcasm in emails or discussion posts as tone can be difficult to interpret digitally.
· Proofread and fact-check your sources.
· Keep in mind that online posts can be permanent, so think first before you type.
See these Engagement Guidelines for more information.
Course Evaluation
Student Perceptions of Teaching (SPOT) is the student evaluation system for UNT and allows students the ability to confidentially provide constructive feedback to their instructor and department to improve the quality of student experiences in the course.
Artificial Intelligence Policy
AI tools may be used in a limited capacity to support learning in this course. All submissions must reflect the student’s understanding and effort.
Prohibited Uses:
· Submitting AI-generated work as your own without proper attribution.
· Using AI during exams or generating full assignments without approval.
Guidelines:
If AI significantly contributes to your work, disclose its use (e.g., "This section was assisted by [Tool Name]").
Review and refine AI outputs to ensure accuracy and originality.
Misuse of AI may violate academic integrity policies and result in disciplinary action. For questions, consult the instructor.
Attendance and Participation  
This class meets once a week, and regular attendance is strongly encouraged, as research shows that students who attend class consistently are more likely to succeed. While attendance is not formally required, each class session is intentionally designed to support your progress toward the course learning objectives.
Students are expected to attend every class unless they have a university-excused absence (e.g., active military service or a religious holy day). If you anticipate being absent, please notify the instructor in advance so we can discuss ways to minimize any impact on your learning.
Regardless of attendance, you are responsible for keeping up with course announcements, materials, and assignments as posted on Canvas and in the syllabus. Although attendance is not formally recorded, many class sessions include graded in-class activities; therefore, regular attendance and active participation are strongly recommended. Attendance at scheduled virtual class meetings is also strongly encouraged.
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