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Statistical Computing in Research
Lecture Series

Instructor Information:
Prof. Divakaran Liginlal
Carnegie Mellon University, Pittsburgh, U.S.A.

Course Description:

Statistical computing plays a vital role in various aspects of business operations and
decision-making, This coutse introduces students to computational data analysis,
statistical methods, and their applications to solving problems,; specifically in business
contexts. Students will gain practical experience in data management, analysis, and
visualization using R. The course will also cover statistical inference, hypothesis testing,
regression modeling, and machine learning.

Throughout the course, students will have the opportunity to apply statistical computing
techniques to a variety of real-world datasets and organizational case studies. This
course is suitable for students who wish to pursue a career in the fields of data analytics
or computer science, as well as professionals who wish to learn how to apply statistical
computing techniques to their work. Upon completion of this course, students will be
equipped with the skills needed to analyze and interpret organizational data, and to
make data-driven decisions to improve organizational performance.

Learning Objectives

» Understand the principles of statistical computing and their applications.

»  Lixplore data management, cleaning, and visualization using R.

»  Apply descriptive statistics and data summarization techniques.

» Understand generation of probability distributions and hypothesis testing.

»  Study linear and logistic regression models in the context of business applications
»  Apply machine learning methods for predictive analytics and anomaly detection.
Proposed Course Qutline

Lecture 1: Introduction to Statistical Computing and its many applications in business
o Overview of statistical computing with R
Lab 1: Working with R studio
o Introduction to R and RStudio, Data types and structures in R, Basic R
programming concepts, R Packages
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Lecture 2: Data Wrangling
o Reading and merging data from various data sources, Data cleaning and
preprocessing, Data transformation and manipulation
Lab 2: R Data Structures & Working with R

Lecture 3: Exploratory Data Analysis
o Data visualization with ggplot2, Descriptive statistics and data summaries
of organizational data
o Application Case Studies:
Nike vs Adidas Comparison, World Happiness report data analysis,
Salary data analysis
Lab 3: Data visualization in R

Lecture 4: Probability Distributions and Statistical Inference
o Simulating Stochastic models, Hypothesis testing, Confidence intervals,
p-values and significance testing
o Application Case Studies:
Credit risk analysis, Smoking and lung cancer
Lab 4: Descriptive analytics in R

Lecture 5: Regression models for analyzing relationships between variables in
organizational data.
Lab 5: Simulating datasets in R

Lecture 6: Simple linear regression, Multiple linear regression, Logistic regression
Lab 6: Hypothesis testing (t-tests & chi-square tests) in R

Lecture 7: Application Case Studies: Loan approval, Real estate housing price prediction
Lab 7: Lineatr models in R

Lecture 8: Application Case Studies: Customer churn prediction, Insurance price
prediction, Credit card fraud prediction
Lab 8: Model diagnostics in R

Lecture 9: Other machine leathing methods for predictive analytics and anomaly
detection - Decision Trees & Clustering

Lab 9: Logistic Regression

Lecture 10: Application Case Studies: Customer segmentation, Product Bundling
Lab 10: Clustering in R

Note: This syllabus is only a guideline and may be adjusted based on the need for
meeting course goals.
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Course Description:

This course provides graduate students with the core knowledge and skills required to
write effective research papers and develop overall research literacy. Through
interactive lectures, writing workshops, and peer review, students will learn how to
identify research problems, conduct comprehensive literature reviews, develop
hypotheses, design rigorous methodology, analyze data, and present compelling
arguments.

Proposed Course Outline

Session 1: Identifying Research Gaps and Formulating Research Questions
o Recognizing gaps in existing literature
o Turning topics into researchable questions
o Developing focused hypotheses

Session 2: Developing a Research Proposal

o Understanding the components of a research proposal
o Writing focused project descriptions and rationales
o Developing appropriate methods and analyses
o Describing expected outcomes and contributions
o Creating realistic budgets and timelines
Session 3: Performing Literature Reviews
o Database searching for relevant academic sources
o Organizing, reading and analyzing sources
o Synthesizing literature and positioning your research
Session 4: Structuring Research Papers
o Understanding paper structure and key elements
o Outlining papers based on research questions
o Ordering arguments and evidence logically
Session 5: Academic Writing Style and Conventions
o Adopting formal academic style
o Applying APA style guidelines and references

o Understanding plagiarism and maintaining academic integrity
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Statistical Computing in Research

Instructor Information:
Prof. Divakaran Liginlal
Carnegie Mellon University, Pittsburgh, U.S.A.

Course Description:

This course is designed to provide students with an understanding of how to do
research using statistical computing methods and tools (R programming language & R
Studio). Students will learn how to formulate research questions, design studies, collect

data, analyze data, and interpret & present results. The course will cover descriptive

statistics, statistical inference, hypothesis testing, regression analysis and machine
learning through the lens of research reported in extant literature. Students will work in
teams on a research project that builds upon the methodological approaches learned in
the course culminating in a project presentation, research paper submission and
individual reflections.

Learning Objectives

» To introduce students to the basic principles of quantitative research methods and
the related application of statistical computing.

» To teach students how to design and execute studies that are approptiate to answer
research questions.

» To provide students with a comprehensive understanding of statistical inference
and hypothesis testing in real world research.

» To teach students how to analyze data using appropriate statistical computing
methods and tools.

» To help students develop skills in interpreting and communicating statistical results.

Proposed Course Outline

Day 1: Introduction to Research Methods

o Discussion: Research topics and exemplars of research
o Activity: Dissect a research paper & summarize in one slide

Milestones 1: Form Teams and Select Topic

Day 2: Literature Review & Formulating Research Questions

o Discussion: Search strategies and citations
o Activity: Formulate research questions and problem descriptions

Milestones 2: Identify Problem, Formulate Research Question(s).

Day 3: Research Design
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o Discussion: Reliability & validity considerations, ethical practices in
research
o Activity: Institutional Review Board submission
Milestones 3: Conduct Literature Review and Finalize Research Question(s)

Day 4: Sampling and Data Collection
o Discussion: Data preparation best practices
o Activity: Data preparation in R (Reading and merging data from various
data sources, Sampling in R, Data cleaning & preprocessing, data
transformation and manipulation, handling missing data)
Milestones 4: Complete Literature Review, Create Research Design

Day5: Ovetview of Exploratory Data Analysis
o Discussion: Reporting results of exploratory data analysis
o Activity: Data visualization in R

Milestones 5: Find Data Sources/Prior Case Studies

Day6: Probability Distributions and Statistical Inference
o Discussion: Need for simulating stochastic models
o Activity: Creating probability distributions in R, Testing for Normality,
Correlation analysis & hypothesis testing
Milestones 6: Complete Exploratory Data Analysis/Case study analyses

Day7: Summatizing and Reporting Results
o Discussion: Publishing strategies & research presentations
o Activity: Abstract & summary presentation

Milestones 7: Interpret and Summarize Results

Day8: Exemplars of Research (Linear Regression, Logistic Regression)
o Discussion: Model selection and diagnostics
o Activity: Run regression models, interpret & report results
Milestones 8: Discuss Results, Limitations and Future Research

Day9: Exemplars of Research (Clustering and Classification)
o Discussion: Choosing the best model
o Activity: Run clustering models, interpret & report results
Milestones 9: Submit Final Team Deliverables & Individual Summary & Reflection

Day10: Group Project Presentations & Discussions

Note: This syllabus is only a guideline and may be adjusted based on the need for
meeting course goals.
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