
Read the Course Syllabus
 Core Information: 
· Instructor: Munni Begum
· Course: MATH 620
· Meeting Room: RB 452
· Meeting Time: M-W 4:00 – 5:40 EDT 
· Office Hours: M-W 5:40 – 6:30 EDT [RB #475]
[bookmark: _gjdgxs]
Learning Objectives:
By the end of this reading, students will be able to...
· State the course learning objectives
· Describe the course materials needed for the course
· Outline weekly topics
· Describe course policies 
· Describe academic ethics, plagiarism policy and other university policies


Probability and Random Variables (4 credit hours)

Instructor:  Munni Begum, Director of Data Science and Data Analytics, Professor, Mathematical Sciences

Course description: The Theory of Statistics is built on the Theory of Probability.  Probability is a standalone branch of mathematics. However, the focus of this course is to provide a graduate level understanding of the theory of probability as the basis for statistical methods including probability and distribution theory and the theory of statistics. Please note that MATH 620 - Probability and Random Variables covers the first part of the required foundational course for the master’s degree in statistics while MATH 621 – Theory of Statistics covers the second part offered in spring.

We will cover the following topics in MATH 620 – Probability and Random Variables in detail. 

· Probability set functions
· Random variables 
· Density and distribution functions 
· Mathematical expectations 
· Marginal and conditional distributions 
· Sampling distributions
· Limiting distributions
This course builds a solid foundation in probability and distribution theory which are essential to understand how the theory of statistics or statistical inference is built upon the theory of probability and random variables. 



Course Objectives: 
After completing the course students will be able to: 

1. identify and concisely define the laws of probability.

2. extend the laws of probability to define conditional, joint and marginal probabilities and examine crucial inequalities related to probability.

3. apply the laws of probability to solve relevant word and quantitative problems.

4. deduce and apply the laws of total probability and Bayes’ theorem.

5. discover and apply probability distributions of transformed random variables.

6. define, differentiate and interpret important discrete and continuous parametric distributions and related functional constructs.

7. demonstrate the relationship between parametric distributions and apply these distributions to solving relevant probability problems.


	Suggested Study Habits:
· Read ahead. Complete weekly reading assignments in a timely manner. Try your best not to 
fall behind. 
· Do not memorize. Rather than memorizing a definition, formula, theorem or a worked out practical 
example, try to understand the basic concepts behind these.  Look for their practical implications in
 real life problem solving.
· Think and analyze critically. Look for how any given topic and lessons learned from that topic relate 
to other topics from the course. Always look for the big picture: how these pieces of topics fit together 
to give you a complete picture as in putting puzzle pieces together.   

Course Materials

Recommended Text: 
1. Hogg, Robert V., Mckean, Joseph W. and Craig, Allan T. Introduction to Mathematical Statistics, 
8th Edition, Pearson, 2019.
2. Casella, George and Berger, Roger L. Statistical Inference, 2nd edition, Duxbury publishing, 2002. 

Software for this course is the R computational software that will be used to illustrate examples and 
problem solving. 

Course Outline: 

Week 1: Probability and Distributions
1.1 Set Theory
1.2 The Probability Set Function
1.3 Examples 

Week 2: Conditional Probability and Random Variables 
              2.1 Conditional Probability and Independence
              2.2 Random Variables 
              2.3 Examples


Week 3: Random Variables 
              3.1 Random Variables – Definitions and Types
              3.2 Discrete Random Variables (DRVs)
              3.3 Continuous Random Variables (CRVs)
              3.4 Transformations of DRVs
              3.5 Transformations of CRVs

Week 4: Properties of Random Variables
              4.1 Expectation
              4.2 Some Special Expectations
              4.3 Important Inequalities
              4.4 Examples

Week 5: Multivariate Distributions – Part I
              5.1 Distribution of Two Random Variables (RVs)
              5.2 Joint Expectation of two RVs
              5.3 Transformations of Bivariate RVs
              5.4 Examples

Week 6: Multivariate Distributions – Part II
              6.1 Conditional Distributions and Expectations
              6.2 The Correlation coefficient
              6.3 Examples

Week 7: Multivariate Distributions – Part III
7.1 Independent Random Variables 
7.2 Extension to Several Random Variables
7.3 Multivariate Variance-Covariance Matrix
              7.4 Examples

Week 8: Some Special Distributions – Part I
              8.1 The Binomial and Related Distributions
              8.2 Negative binomial and geometric distribution 
              8.3 Hypergeometric distribution
              

Week 9: Some Special Distributions – Part II
              9.1 The Poisson Distribution, 
              9.2 The Gamma distribution 
              9.3 The Chi-squared distribution
              9.4 The Beta Distribution
 
Week 10: Some Special Distributions – Part III
10.1 The Normal Distribution
10.2 Contaminated Normals 
10.3 The Multivariate Normal Distribution  

Week 11: Some Special Distributions – Part IV
   11.1 Students t distribution
   11.2 The F-Distribution   
               11.3 Mixture Distributions

Week 12: Consistency and Limiting Distributions – Part I
              12.1 Convergence in Probability 
              12.2 Convergence in Distribution

Week 13: Consistency and Limiting Distributions – Part II
              13.1 Bounded in Probability 
              13.2 ∆-Method
              13.3 Moment Generating Function Technique              
              
Week 14: Consistency and Limiting Distributions – Part III
              14.1 Central Limit Theorem 
              14.2 Asymptotics for Multivariate Distributions

Module 15: Elementary Statistical Inference Part - I 
              15.1 Sampling and Statistics 
              15.2 Order Statistics 
              15.3 Quantiles

Module 16: Elementary Statistical Inference Part - II
               16.1 Confidence Intervals of Quantiles, 
               16.2 Tolerance Limits for Distributions                     

It is usually expected that students will spend approximately 2 hours of study time outside of class for 
every one hour in class. For a 4-unit class, you should expect to study an average of 8 hours outside 
of class each week.

Course Policies

Your preparedness, participation, and completion of weekly activities on time will significantly impact your 
course grade. Regularity and timeliness are desirable in order to complete this course successfully. 

Grading Policy 

It is my policy that appropriate evaluation of your academic performance is an integral part of your learning 
experience. In the absence of mistake, fraud, bad faith or incompetence, I will be the key decision-maker on 
the assignment of grades. For information on grade appeal, consult the Ball State website

Grading Scale:
A     93-100%  B-   80-82% 	D+    68-70%
A-    90-93% 	C+  78-80% 	D      62-68%
B+   88-90% 	C    72-78% 	D-     60-62%
B     82-88% 	C-   70-72% 	F       0-59%


Course Grade Categories and Weights:
	Task 
	Description
	Points

	Graded Quizzes
	Four in-class quizzes in total 
	25%

	Graded Tests
	Three in-class tests
	25%

	Homework
	Weekly homework will be graded for completeness only
	10%

	Midterm Exam

	Midterm exam covers the topics discussed in weeks 1-8. There will be problem solving questions for which you may or may not need to use technology (R computing environment).
	20%

	Final Exam 

	Final Exam covers the topics discussed in weeks 8-16.  There will be problem solving questions for which you may or may not need to use technology (R computing environment).
	20%



 
Important dates: 
Labor Day (No classes): September 1
Fall break: October 6-6
Thanksgiving break (No Classes): November 26 –30
Last day of class: December 8
Final Exam: December 9-12

Course Withdrawal Statement: The course withdrawal period ends Monday, October 28, 2024.  Before this date, 
students can elect to receive a “W” for the course by completing and submitting the proper form. The instructor’s
[bookmark: _Hlk142766540] permission is not required.  For details, see
https://www.bsu.edu/about/administrativeoffices/registrar/registration-activities/withdraw-from-classes as well as
 Degree Requirements and Time Limits in the current Undergraduate Catalog OR Withdrawal Procedures in the current
 graduate catalog.
 
University and Course Policies
We are committed to ensuring that all members of the community are welcome, through valuing the various 
experiences and worldviews represented at Ball State and among those we serve. We promote a culture of respect 
and civil discourse. If you need course adaptations or accommodations because of a disability, please contact the 
instructor of record as soon as possible. Ball State's Disability Services Office coordinates services for students with 
disabilities; documentation of a disability needs to be on file in that office before any accommodations can be 
provided. Disability Services can be contacted at 765-285-5293 or dsd@bsu.edu.

Freedom of Expression
In this course, we are committed to fostering a learning environment that values intellectual diversity, encourages 
free expression, and promotes open inquiry. As members of the Ball State Community, we treat each person in the
Ball State community with civility, courtesy, compassion, and dignity and respect and learn from differences in people, 
ideas, and opinions. Please review Ball State University’s Statement on Freedom of Expression, the resources on Ball 
State’s Freedom of Expression webpage, and Ball State’s Beneficence Pledge.


Course Academic Ethics and Plagiarism Policy
When completing assignments for this class, the intent is that you are learning the content, applying it to 
solve problems, and need to practice in order to improve. All resources that you need to complete the 
solutions are covered in the course, and assignments are scaffolded to help you build your understanding.
When you use online solutions, AI assistants, or others to complete your work for you, you are doing yourself 
a disservice and not learning the material. Using these resources is considered academic dishonesty and 
plagiarism. For this course, the use of online solutions and AI assistants such as Gemini or ChatGPT are 
prohibited. Use of such resources violates the course Academic Ethics policy and may result in failing the 
course.
Academic integrity violations include giving or receiving an unfair academic advantage (cheating), presenting 
someone else’s ideas or work as your own (plagiarism), and falsifying academic records. Unless otherwise 
indicated, you must work independently. Check with me if you are unsure whether something constitutes 
academic dishonesty. Examples of academic integrity violations include, but are not limited to:  
· Using resources not authorized by the faculty member (including devices, AI tools, hidden notes, and 
· open books) 
· Using commercial study websites to find answers to graded assignments (Chegg, Course Hero, 
· StudyPool, OneClass, etc.). 
· Without the instructor’s written permission, giving away, buying, or selling graded assignments, 
class notes, exams, study guides, or other course materials to other students or to third-party vendors
 (Course Hero, Chegg, 24HourAnswers, etc.).
· Working with another person on any assignment other than authorized group projects. 
· Sharing or allowing others to access your files, whether done with permission or not. 
· Reusing your own work from another semester, course, or section. 
· Discussing exam questions and answers with students who have not taken the exam. 
· Soliciting others to complete work for you, both human and AI assistants such as ChatGPT, Gemini, 
· or other LLM-based tools.

The Plagiarism Tutorial from UNC Libraries provides you with a great foundation in Academic
 Integrity.

Plagiarism Detection: The campus subscribes to SimCheck, a plagiarism prevention service, 
through Canvas. You may need to submit written assignments to SimCheck. Student work will be 
used for plagiarism detection and for no other purpose. The student may indicate in writing to the 
instructor that he/she refuses to participate in the plagiarism detection process, in which case the 
instructor can use other electronic means to verify the originality of their work. 
[bookmark: h.thsm76d09jrz]Statements of Inclusion
Diversity and Inclusion
Ball State University aspires to be a university that attracts and retains a diverse faculty, staff, and student 
body. We are committed to ensuring that all members of the community are welcome, through valuing the 
various experiences and worldviews represented at Ball State and among those we serve. We promote a 
culture of respect and civil discourse as expressed in our Beneficence Pledge and through university
resources found at http://cms.bsu.edu/campuslife/multiculturalcenter.


Accommodations
If you need course adaptations or accommodations because of a disability, please contact me as soon as 
possible. Ball State’s Disability Services office coordinates services for students with disabilities; 
documentation of a disability needs to be on file in that office before any accommodations can be provided. 
Disability Services can be contacted at 765-285-5293 or dsd@bsu.edu.

If you are experiencing mental health concerns, telehealth services are available – 
here is a link to the Counseling Center website


FERPA and Privacy
As a student, your educational records are considered confidential. Under FERPA (Family Educational Rights 
and Privacy Act), your records are confidential and protected. Under most circumstances, your records will 
not be released without your written and signed consent. However, some directory information may be 
released to third parties without your prior consent unless a written request to restrict this is on file. You can
learn more about student rights to privacy by reading Ball State's FERPA and Privacy and Protection.
[bookmark: h.gjdgxs]Subject To Change Statement
This syllabus and schedule are subject to change in the event of extenuating circumstances.





