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STAT 7302: Bayesian Analysis and Decision Theory
Spring 2026
Course overview
This 3-credit hour course meets 3 days per week for 55 minutes in Cockins Hall 228.
Instructor
Christopher M. Hans, Ph.D.
hans.11@osu.edu
614-292-7157
Office Hours in CH 428D
Mondays 3:00pm–4:00pm
Tuesdays 2:00pm–3:00pm
Graduate teaching assistant
Dhruv Arora (arora.343@osu.edu)
Course description
This course explores basic elements of decision theory and Bayesian inference. During the semester we will cover the following core topics:
Bayesian Expected Loss, Frequentist Risk, Bayes Risk
Decision Principles (Bayesian, Frequentist, Likelihood)
Loss Functions
Prior Distributions (Subjective, Noninformative, Improper, Empirical, Hierarchical)
Posterior Distributions
Bayes Inference (Estimation, Credible Sets, Hypothesis Testing, prediction)
Empirical Bayes Analysis and Hierarchical Bayes Models
Computation of Bayesian analysis: Gibbs Sampler and Metropolis-Hasting Algorithms
Bayesian Model Assessment and Robustness
Prerequisites
STAT 7301 or permission of the instructor
Course expected learning outcomes
By the end of this course, students should successfully be able to:
Understand central elements of decision theory
Compute Bayes risk and frequentist risk and derive Bayes rules
Understand important statistical principles that motivate various modes of inference
Build realistic Bayesian models and specify appropriate prior distributions using a variety of approaches
Fit Bayesian models to data using numerical techniques, including Gibbs sampling and Markov chain Monte Carlo
Assess and validate the assumptions underlying empirical Bayes and hierarchical Bayes models
Course materials and technologies
Textbooks
Required
1. Berger, J.O. (1985), “Statistical Decision Theory and Bayesian Analysis,” second edition, New York, NY: Springer. Free access to a pdf version of this book is provided by Ohio State University Libraries. 

Gelman, A., Carlin, J.B., Stern, H.S., Dunson, D.B., Vehtari, A. and Rubin, D.B. (2014), “Bayesian Data Analysis,” third edition, Chapman & Hall. Free access to an eBook version of this book is provided by Ohio State University Libraries. 
Recommended (optional)
Berger, J.O., Bernardo, J.M., Sun, D. (2024), “Objective Bayesian Inference,” World Scientific Publishing Co. Pte. Ltd., Singapore. Free access to a pdf version of this book is provided by Ohio State University Libraries. 

Some topics covered in the course will be based on material presented in additional books and articles. Appropriate references will be provided as needed.
Course technology
Required software
This class requires you to use R (The R Project for Statistical Computing; https://www.r-project.org), a free software environment for statistical computing and graphics, and RStudio (https://posit.co/products/open-source/rstudio/), a free integrated development environment (IDE) for R.
Assignments and Grading
Homework Assignments
[bookmark: _Hlk61215817]There will be regular homework assignments. Homework must be uploaded to Carmen by the posted deadline on the day it is due. You are encouraged to work together on the homework, but do not copy any part of a homework. Each student must produce his/her own homework to be handed in.
Some homework assignments will require that your solutions be written by hand. Your solutions to these assignments must be scanned and uploaded as a pdf file to Carmen. Otherwise, you may prepare your homework solutions as you wish (e.g., a combination of by hand, RMarkdown, etc.); solutions for these assignments must be uploaded as either a pdf file or a Word document to Carmen. Assignments that require handwritten solutions will indicate this in the assignment.
Late Assignments
Assignments will be due at the time posted on Carmen. With few exceptions, late assignments will not be accepted, but the lowest homework score will be dropped.
Exams
There will be two midterm exams and one final exam. All exams will be administered in the classroom. The final exam will take place at the time and date established by the University. Information about the exams will be posted well in advance through the course website.
The first midterm exam will be administered on Friday, February 20.
The second midterm exam will be administered on Friday, March 27.
The final exam will be administered on Tuesday, May 5, from 4:00pm–5:45pm in CH 228.
All exams are closed book/closed notes. A basic calculator is allowed; tablets, laptops, and cellphones are not allowed. Statistical tables will be provided as needed. The midterm exams will focus on the material covered most recently (since the beginning of the course for Midterm I and since Midterm I for Midterm II). The final will cover all the material for the course.
Course Grade
Your course grade will be computing as a weighted average of the following components: homework assignments (15%), first midterm exam (25%), second midterm exam (25%), final exam (35%).
Grading Scale
Final grades will be assigned based on performance in the course. The grades will not be lower than those in the “standard” scale of 90% for an A, 80% for a B, 70% for a C and so on.  Appropriate adjustments to these cutoffs will be made to account for the difficulty of the exam questions.
Instructor feedback and response time
My preferred method of contact is email. You can expect a response from me within 48 business hours.
Academic policies
Classroom Policy
The use of recording equipment (photo, video, or audio) in the classroom is prohibited.


Academic Integrity
Policies for this course
· Exams: You must complete the exams yourself, without any external help or communication.
· Written assignments: You are encouraged to work together on the homework, but do not copy any part of a homework solution. Each student must produce his/her own homework to be handed in. Copying solutions (either in whole or part) from external sources is prohibited.
· Reusing past work: In general, you are prohibited in university courses from turning in work from a past class to your current class, even if you modify it. If you want to build on past research or revisit a topic you have explored in previous courses, please discuss the situation with me.
· Falsifying research or results: All research you will conduct in this course is intended to be a learning experience; you should never feel tempted to make your results or your library research look more successful than it was. 
· Collaboration and informal peer-review: The course includes many opportunities for formal collaboration with your classmates. While study groups are encouraged, remember that copying answers on an assignment is not permitted. If you are unsure about a particular situation, please feel free just to ask ahead of time.
· Generative Artificial Intelligence (GenAI)
· Acceptable use of GenAI in this course is strictly limited to:
· use as a tool to complement the lectures and assigned readings to help you learn the course material. You are allowed to query GenAI about general questions you have as you learn the material in the same way that you might look up information using a search engine like Google. As with any online resource, please treat the information you receive with appropriate skepticism.
· use as an extended “help manual” for R functions you might use during this class. In the same way that you might use Google to find out what a specific R function can do (or what R function to use for a specific task), you can pass the same queries to GenAI.
· All of the work that you turn in for credit in the course (solutions to homework assignments and the class project) must be your own original work. The use of GenAI to produce work that you will turn in for credit is prohibited. This includes, but is not limited to:
· use of GenAI to produce written work. All written work you turn in must be your own original work. 
· use of GenAI to answer homework questions. Your solutions to homework questions must be your own work and cannot be generated either in whole or part by GenAI. You may not input a homework question into GenAI either in whole or part.
· use of GenAI to write R code. While querying GenAI about specific features of R functions is acceptable, asking GenAI to write code for you to complete a task for an assignment is not.
· You may not copy/paste or otherwise input any course materials provided by the instructor (including homework questions) into a GenAI platform. Similarly, you may not copy/paste or use any output from GenAI platforms as part of your written work in the course.
· A good rule of thumb is to think about GenAI as another person. Asking another person for general information or for clarification about ideas is acceptable; asking another person to provide answers to homework questions, to write code for you, or to write your solutions to an assignment is not.
Ohio State University’s academic integrity policy
It is the responsibility of the Committee on Academic Misconduct to investigate or establish procedures for the investigation of all reported cases of student academic misconduct. The term “academic misconduct” includes all forms of student academic misconduct wherever committed; illustrated by, but not limited to, cases of plagiarism and dishonest practices in connection with examinations. Instructors shall report all instances of alleged academic misconduct to the committee (Faculty Rule 3335-5-487). For additional information, see the Code of Student Conduct: http://studentlife.osu.edu/csc/
If I suspect that a student has committed academic misconduct in this course, I am obligated by university rules to report my suspicions to the Committee on Academic Misconduct. If COAM determines that you have violated the university’s Code of Student Conduct (i.e., committed academic misconduct), the sanctions for the misconduct could include a failing grade in this course and suspension or dismissal from the university.
If you have any questions about the above policy or what constitutes academic misconduct in this course, please contact me.
Other sources of information on academic misconduct (integrity) to which you can refer include:
Committee on Academic Misconduct web page (go.osu.edu/coam)
Ten Suggestions for Preserving Academic Integrity (go.osu.edu/ten-suggestions)
Copyright for instructional materials
The materials used in connection with this course may be subject to copyright protection and are only for the use of students officially enrolled in the course for the educational purposes associated with the course. Copyright law must be considered before copying, retaining, or disseminating materials outside of the course.
Creating an environment free from harassment, discrimination, and sexual misconduct
The Ohio State University is committed to building and maintaining a community to reflect diversity and to improve opportunities for all. All Buckeyes have the right to be free from harassment, discrimination, and sexual misconduct. Ohio State does not discriminate on the basis of age, ancestry, color, disability, ethnicity, gender, gender identity or expression, genetic information, HIV/AIDS status, military status, national origin, pregnancy (childbirth, false pregnancy, termination of pregnancy, or recovery therefrom), race, religion, sex, sexual orientation, or protected veteran status, or any other bases under the law, in its activities, academic programs, admission, and employment. Members of the university community also have the right to be free from all forms of sexual misconduct: sexual harassment, sexual assault, relationship violence, stalking, and sexual exploitation. 
To report harassment, discrimination, sexual misconduct, or retaliation and/or seek confidential and non-confidential resources and supportive measures, contact the Civil Rights Compliance Office: 
Online reporting form at http://civilrights.osu.edu/, 
Call 614-247-5838 or TTY 614-688-8605, 
Or Email equity@osu.edu
The university is committed to stopping sexual misconduct, preventing its recurrence, eliminating any hostile environment, and remedying its discriminatory effects. All university employees have reporting responsibilities to the Civil Rights Compliance Office to ensure the university can take appropriate action: 
All university employees, except those exempted by legal privilege of confidentiality or expressly identified as a confidential reporter, have an obligation to report incidents of sexual assault immediately. 
The following employees have an obligation to report all other forms of sexual misconduct as soon as practicable but at most within five workdays of becoming aware of such information: 1. Any human resource professional (HRP); 2. Anyone who supervises faculty, staff, students, or volunteers; 3. Chair/director; and 4. Faculty member.
Intellectual diversity
Ohio State is committed to fostering a culture of open inquiry and intellectual diversity within the classroom. This course will cover a range of information and may include discussions or debates about controversial issues, beliefs, or policies. Any such discussions and debates are intended to support understanding of the approved curriculum and relevant course objectives rather than promote any specific point of view. Students will be assessed on principles applicable to the field of study and the content covered in the course. Preparing students for citizenship includes helping them develop critical thinking skills that will allow them to reach their own conclusions regarding complex or controversial matters.
Your mental health
As a student you may experience a range of issues that can cause barriers to learning, such as strained relationships, increased anxiety, alcohol/drug problems, feeling down, difficulty concentrating and/or lack of motivation. These mental health concerns or stressful events may lead to diminished academic performance or reduce a student’s ability to participate in daily activities. The Ohio State University offers services to assist you with addressing these and other concerns you may be experiencing. If you or someone you know are suffering from any of the aforementioned conditions, you can learn more about the broad range of confidential mental health services available on campus via the Office of Student Life’s Counseling and Consultation Service (CCS) by visiting ccs.osu.edu or calling 614-292-5766. CCS is located on the 4th Floor of the Younkin Success Center and 10th Floor of Lincoln Tower. You can reach an on-call counselor when CCS is closed at 614-292-5766 and 24 hour emergency help is also available 24/7 by dialing 988 to reach the Suicide and Crisis Lifeline. 
Religious accommodations
Ohio State has had a longstanding practice of making reasonable academic accommodations for students' religious beliefs and practices in accordance with applicable law. In 2023, Ohio State updated its practice to align with new state legislation. Under this new provision, students must be in early communication with their instructors regarding any known accommodation requests for religious beliefs and practices, providing notice of specific dates for which they request alternative accommodations within 14 days after the first instructional day of the course. Instructors in turn shall not question the sincerity of a student's religious or spiritual belief system in reviewing such requests and shall keep requests for accommodations confidential.
With sufficient notice, instructors will provide students with reasonable alternative accommodations with regard to examinations and other academic requirements with respect to students’ sincerely held religious beliefs and practices by allowing up to three absences each semester for the student to attend or participate in religious activities. Examples of religious accommodations can include, but are not limited to, rescheduling an exam, altering the time of a student's presentation, allowing make-up assignments to substitute for missed class work, or flexibility in due dates or research responsibilities. If concerns arise about a requested accommodation, instructors are to consult their tenure initiating unit head for assistance.
A student's request for time off shall be provided if the student’s sincerely held religious belief or practice severely affects the student's ability to take an exam or meet an academic requirement and the student has notified their instructor, in writing during the first 14 days after the course begins, of the date of each absence. Although students are required to provide notice within the first 14 days after a course begins, instructors are strongly encouraged to work with the student to provide a reasonable accommodation if a request is made outside the notice period. A student may not be penalized for an absence approved under this policy.
If students have questions or disputes related to academic accommodations, they should contact their course instructor, and then their department or college office. For questions or to report discrimination or harassment based on religion, individuals should contact the Office of Civil Rights Compliance: https://civilrights.osu.edu/
Policy: Religious Holidays, Holy Days and Observances
Accessibility accommodations for students with disabilities
The university strives to maintain a healthy and accessible environment to support student learning in and out of the classroom. If you anticipate or experience academic barriers based on your disability (including mental health, chronic, or temporary medical conditions), please let me know immediately so that we can privately discuss options. To establish reasonable accommodations, I may request that you register with Student Life Disability Services. After registration, make arrangements with me as soon as possible to discuss your accommodations so that they may be implemented in a timely fashion.
If you are ill and need to miss class, including if you are staying home and away from others while experiencing symptoms of a viral infection or fever, please let me know immediately. In cases where illness interacts with an underlying medical condition, please consult with Student Life Disability Services to request reasonable accommodations. You can connect with them at slds@osu.edu; 614-292-3307; or slds.osu.edu.






Course Schedule
Refer to our Carmen course page for up-to-date assignment due dates. The following schedule is subject to change.
	Week
	Date
	Topics and Reading

	1
	1/12, 1/14, 1/16
	Basic elements of decision theory; Bayesian expected loss; frequentist risk; Bayes risk; decision principles
Reading: Berger, Chapter 1

	2
	1/21, 1/23
	Minimax and admissible decision rules
Reading: Berger, Chapter 5.2 and 5.3

	3
	1/26, 1/28, 1/30
	Overview of Bayesian analysis; admissibility of Bayes rules; complete class theorem
Reading: Berger, Chapter 4.1, 4.2, 4.4, 4.8.1, 8.1, 8.2, 8.5-8.9

	4
	2/2, 2/4, 2/6
	Generalized Bayes rules; admissibility of generalized Bayes rules; relationships between minimax Bayes and admissible rules; James-Stein estimator; prior distributions
Reading: Berger Chapter 4.4, 4.8.2, 5.3, 5.4, 8.9, 3

	5
	2/9, 2/11, 2/13
	Prior distributions (continued); empirical Bayes analysis (nonparametric and parametric)
Reading: Berger Chapter 3, 4.5

	6
	2/16, 2/18, 2/20
	Empirical Bayes for regression structures; general hierarchical models; Bayesian analysis of the linear model
Reading: Berger Chapter 4.5, 4.6,
Lindley and Smith (1972), "Bayes Estimates for the Linear Model," JRSS-B


	7
	2/23, 2/25, 2/27
	Distinct points of view about statistical hypothesis testing; checking Bayesian models; Bayesian model diagnostics
Reading:
Christensen, R. (2005), "Testing Fisher, Neyman, Pearson, and Bayes," The American Statistician, 59, 121-126
Lehmann, E. L. (1993), "The Fisher, Neyman–Pearson Theories of Testing Hypotheses: One Theory or Two?," JASA, 88, 1242-1249
Gelman et al. Ch. 6

	8
	3/2, 3/4, 3/6
	Bayes factors and testing; Bayesian model averaging; Bayesian model comparison
Reading:
Berger Chapter 4.3.3
Madigan, D. and Raftery, A. E. (1994). Model selection and accounting for model uncertainty in graphical models using Occam's window, Journal of the American Statistical Association 89(428): 1535–1546
Hoeting, J. A., Madigan, D., Raftery, A. E. and Volinsky, C. T. (1999). Bayesian model averaging: a tutorial, Statistical science pp. 382–401
Wasserman, L. (2000). Bayesian model selection and model averaging, Journal of mathematical psychology 44(1): 92–107
Kadane, J. B. and Lazar, N. A. (2004). Methods and criteria for model selection, Journal of the American statistical Association 99(465): 279–290
Clyde, M. and George, E. I. (2004). Model uncertainty, Statistical science pp. 81–94.

	9
	3/9, 3/11, 3/13
	Computation of Bayesian analysis. Sampling from a distribution
Reading: Gelman et al., Chapter 10

	10
	3/16, 3/18, 3/20
	Spring Break

	11
	3/23, 3/25, 3/27
	Gibbs sampler algorithm and examples in R
Reading: Gelman et al., Chapter 11.1-11.3

	12
	3/30, 4/1, 4/3
	Metropolis-Hasting algorithm and examples in R
Reading: Gelman et al., Chapter 11.4-11.5

	13
	4/6, 4/8, 4/10
	MCMC tuning and assessing convergence in R
Reading: Gelman et al., Chapter 11.6-11.10

	14
	4/13, 4/15, 4/17
	Bayesian analysis for hierarchical linear models
Reading: Gelman et al., Chapter 15

	15
	4/20, 4/22, 4/24
	Bayesian analysis for GLM
Reading: Gelman et al., Chapter 16

	16
	4/27
	Case study analysis
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