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«Bayesian Statistics» 

Course syllabus 

 

Approved by 

Prorgamme Academic Council  

Protocol Nr. 01 from 25.06.2018. 

 

Author  Boris Sokolov 

Number of credits  4 

Contact hours 32 

Self-study hours 120 

Year of Study  1 

Educational format Without use of online course 

 

I. Aim, Results of Mastering the Discipline and Prerequisites 

 

Bayesian  data  analysis  is  a  rapidly  developing  field  of  statistics,  which  has  many  useful 

applications  in  various  areas  of  political  science,  sociology,  and  international  relations.  

The  goal  of  this  course  is  to  provide  a  brief  and  “mostly  harmless”  (that  is,  as  informal  

as  possible)  introduction  to  the  theory  and  application  of  Bayesian  statistical  methods.  

 

After completing this course, a student will be able to: 

 Understand the basic principles of Bayesian analysis, the opportunities which this statisti-

cal method offers for social scientists, and its limitations. 

 Apply Bayesian methods to the analysis of real data sets. 

 Properly report the results of Bayesian analysis in research papers 

 

 To succeed in this course, students  are  assumed  to  have  basic  knowledge  of  statistics  and  

be  familiar  with  several  conventional  statistical  methods,  most  importantly  regression  

analysis.   In  addition,  for  practical  exercises  we  will  use  R  programming  environment,  so  

another major prerequisite is a  basic  knowledge  of  R. The course is based on the following 

previously covered courses: 

 Methodology and Research methods in Sociology: Quantitative Research methods 

 Research Workshop («Research Design») 

 Basic Statistics and Introduction into „R“ 

 

The course is strongly related and complementary to other compulsory and elective courses and 

provides crucial prerequisites for later courses and research projects as well as skills necessary 

for the master thesis. The course takes place in the third module of the first year of the program, 

giving students the important skills in designing and conducting their own research as well as 

assessing the quality of research projects published in a series of working papers and peer-

reviewed social science journals. 

 

II. Content of the Course 

 

Day 1. Introduction: General principles of Bayesian inference  



2 

 

Content: frequentist vs. epistemic concepts of probability, Bayes’s rule, prior and posterior dis-

tributions, likelihood, discrete probability examples, simple continuous distributions examples, 

popular R packages for Bayesian analysis. Bayesian linear regression, choice of priors, interpre-

tation of model parameters, Bayesian inference, credibility intervals, Bayesian generalized re-

gression modeling, examples in MCMCpack and rstanarm. 

Day 2. MCMC estimation.  

Content: MCMC  estimation,  Gibbs  sampling,  Hamiltonian  Monte-Carlo,  main  convergence  

diagnostics,  INLA, variational inference.  

Day 3. Mid-term presentations of research projects  

We will devote this day to the detailed discussion of your progress with your research projects. 

Day 4. Bayesian model evaluation  

Content: Posterior predictive distribution, posterior predictive checks, posterior predictive P-

value, visual checks. 

Day 5. Model selection and comparison.  

Content: Bayes factors, Bayesian Information Criterion (BIC) and Deviance Information Criteri-

on (DIC), WAIC, leave-one-out cross-validation. 

Day 6. Bayesian model averaging   

Content: What is BMA, why it can be useful for social scientists, model priors selection, most 

popular BMA algorithms and their implementation in R. 

III. Grading 

Your final grade is composed of four components: (a) home assignments (unweighted average), 

(b) class work, (c) midterm presentation, and (d) final project. The first three components (taken 

with different weights) define your accumulated grade (which comprises 80% of the overall 

grade) which is then combined with the score for the final paper (20% of the overall grade). 

Formally, your cumulative grade for the course is calculated in the following way: 

Gcumulative =  0.7 * Ghome assignment + 0.1 * Gclass work  + 0.2 * Gmid-term presentation  (1) 

where Ghome assignment is the mean [unweighted] grade for home assignments prepared throughout 

the course; Gclass work is the binary (i.e. 0 or 1) assessment of your overall participation in class 

activities; and Gmid-term presentation is the mean [unweighted] grade for final paper progress reports. 

Notice that Gclass work is added to your cumulative grade only if the latter is lower than 9.5. 

The final (overall) grade for the course (the one you will have in your course records) is calculat-

ed in the following way: 

Gfinal = 0,8 * Gcumulative + 0.2 * Gfinal paper (2) 

where Gcumulative  is the accumulated grade for the course calculated using the formula above and 

Gfinal paper  is the grade for the final research paper. Both the cumulative grade and the final grade 

are rounded according to the rules of algebra 
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All late submissions (both home assignments, progress reports, and the final paper) will be grad-

ed down (the maximum grade for a one-day delay is 7 points; this quantity decreases by one 

point per extra day of delay; all works submitted with a delay of three and more days are evalu-

ated on a 0-4 scale). If you plagiarize, you will fail. However, it is fine to combine your final re-

search project with other class papers (e.g., term paper). 

The minimal passing grade for this course is 4. 

IV. Grading Tools 

Type of Control Form of Control Detailed explanation 

Weekly 

 

Home assignments Students are expected to complete written 

home assignments outside of class time. 

Some assignments are conceptual, but some 

of them require using R and empirical data, 

therefore students should plan to spend time 

in the computer lab outside of regular class 

hours. All assignments are due at the begin-

ning of the following class time 

Class work  Students are expected to participate in all 

class activities, such as group discussions, 

responses to the instructor’s questions, and 

completion of simple conceptual and pro-

gramming exercises. 

Progress reports and mid-

term presentation 

Students are expected to write a short re-

search paper (see below). Throughout the 

course they will have multiple opportunities 

to present their progress. It is not mandatory 

to present each class day (except on mid-

term presentation day), but frequent presen-

tations may improve personal cumulative 

grade (conditional on their overall quality) 

and will definitely help in the preparation of 

the final paper. 

Final Exam All course participants must write a short 

research paper (5-15 pages) in which they 

will try to apply Bayesian methods to the 

topic in modern social research that they are 

interested in. This paper must follow the 

model of English-language published scien-

tific journal articles. The most important 

aspects of the paper to be graded are the 

creativity of the research idea, the opera-

tionalization and proper statement of hy-
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potheses, and the appropriate use of Bayesi-

an statistics.  

Co-authored projects are encouraged, but, 

with a co-authored project, I will have high-

er expectations on the paper and presenta-

tion. Final versions should be submitted not 

later than noon of June 20
th

, 2019. Then all 

papers will be evaluated by the instructor 

and preliminary grades will be announced. 

Then those course participants who disagree 

with their preliminary grades will have an 

opportunity to defend their project papers 

(by publicly presenting them in class). 

Presentations must be given using Power-

Point or LaTeX software.  

 

V. Sources 

5.1 Main Literature   

 

John Kruschke (2015) Doing Bayesian Data Analysis, Second Edition: A Tutorial with R, JAGS, 

and Stan. Academic Press 

5.2  Additional Literature 

 

Gelman, A., Carlin, J. B., Stern, H. S., Dunson, D. B., Vehtari, A., & Rubin, D. B. (2014). 

Bayesian Data Analysis. 3
rd

 Edition. CRC Press. 

 

5.3 Software 

№ 

п/п 

Name 

 

Access conditions 

  

 1. 

 R 3.3 From the university’s internal network (contract) 

2. Rstudio 1.1.383 From the university’s internal network (contract) 

 

5.4 Material and technical support 

Academic support for the course is provided via a course Dropbox folder, which contains all 

recommended readings, presentations of lectures, and replication code and data for empirical ex-

amples.  

Classrooms for lectures on the discipline provide for the use and demonstration of thematic illus-

trations corresponding to the program of the discipline, consisting of: 

 PC with Internet access (operating system, office software, antivirus software); 

 multimedia projector with remote control. 
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Appendix. Final Paper Requirements 

Note: (This list of recommendations has been built upon a framework developed by A. 

Almakaeva, M. Tawat, and S. Spencer: see Section 12 of this file: 

https://www.hse.ru/data/2017/04/27/1168759732/program-1711306534-5jHlOiLKAq.pdf). 

All course participants also must write a short research paper (5-15 pages) in which they will try 

to apply Bayesian methods to the topic in cross-cultural social research that they are interested 

in. The most important aspects of the paper to be graded are the creativity of the research idea, 

the operationalization and proper statement of hypotheses, and the appropriate use of Bayesian 

statistics.  

A1 Format 

MS Word or LaTeX, 5-15 pages long, typed, double-spaced, standard margins. Notice that page 

count does not include abstract, references, and appendices, as well as figures and tables. 

A2 Purpose 

This paper is an academic research paper presenting the results of your secondary data analysis. 

This paper should demonstrate your 1) logical reasoning, 2) your skill at interpreting the results 

of structural equation modeling, and 3) your ability to communicate in academic writing style. 

A3 Content 

This paper, like all academic research papers, must contain the following sections:  

Abstract  

Introduction  

Literature review  

Data and Methods  

Findings  

Discussion/conclusion  

References. 

Appendix (-ces) (If necessary) 

 

ABSTRACT: A one-paragraph summary of the research question and (only) main findings (on a 

separate page, not counted in the page count). 

 

https://www.hse.ru/data/2017/04/27/1168759732/program-1711306534-5jHlOiLKAq.pdf
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INTRODUCTION: In this section you formulate the research question and establish its scientific 

relevance (i.e. explain “why it is important to study this topic”, may also include social or policy 

relevance). 

 

LITERATURE REVIEW: This section examines your research question in terms of the theory 

that generated it, and reviews existing sociological research addressing the question, including 

research that may be only partially related. If your specific topic appears to be understudied, this 

section should address what is available on related topics. The literature review generally in-

cludes a mention of how the current research replicates previous research, contradicts previous 

research, or somehow modifies or extends previous research. At the end of this section, you must 

clearly state the hypothesis or hypotheses to be tested in subsequent empirical analysis. It should 

be obvious how the hypotheses are related to the theoretical background outlined in the literature 

review.  

For the length of this paper, your literature review must make reference to at least five (5) recent 

academic peer-reviewed journal (WoS Q1) articles on your topic. 

 

DATA & METHODS: This section briefly describes the dataset and analytical methods that you 

use. This section should (a) explain how the research question is operationalized into testable 

hypotheses; (b) clearly state the concepts to be tested in the hypotheses, as well as label the inde-

pendent variables, the dependent variable, and any intervening or control variables that are in-

cluded; (c) describe which variables are measuring which concepts and from which sources data 

on these variables come; and (d) identify which statistical methods are used to analyze data. No-

tice that the list (table) of descriptive statistics on all variables has to be reported in the Appen-

dix. 

 

FINDINGS: This is the section in which you present your findings and explain the results of 

your statistical tests. Name the test or procedure used to obtain each result (i.e., whether it is an 

outcome of a linear regression model or some other method). This section should also address 

whether the analysis of data confirms your hypotheses. 

 

DISCUSSION/CONCLUSION: This section should briefly summarize the findings. It should 

also explain how your findings contribute to the literature reviewed at the beginning of the paper. 

Discuss whether your findings support or contradict previous research. This section should also 

briefly discuss limitations of your empirical analysis (especially methodological and data-related 

ones): for instance, evaluate whether [some of] your concepts could have been measured differ-

ently or different tests could be run to answer your substantive research questions. This section 

may include suggestions for future research or implications for policy or both, but offering future 

research or policy implications is not a mandatory task. 
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REFERENCES: All references cited in the text must be listed in the bibliography according to 

either ASA format, or APA format, or Chicago Manual of Style. You paper should refer to at 

least 10 peer-reviewed articles published in the top social sciences journals but may also refer to 

additional sources, such as prominent sociological books, electronic resources, data sets, contri-

butions to edited volumes, etc. For all in-text citations use the author-date format, e.g. (Welzel 

2013) or (Inglehart, Ponarin, and Inglehart 2017). 

 

APPENDIX: This section contains all tables and figures referenced in the main text, as well as 

describe (if necessary) all additional tests and procedures conducted to check the robustness of 

your main findings under different model assumptions. Notice that replication data (i.e. your data 

set, as well as an R script used to produce all figures, tables and other results reported in the main 

text and the appendix) are also worth to be submitted along with the final paper. 

 Note: appendix is not counted in the page count. 

A4 Style and presentation 

Prepare tables and figures carefully. Look through the pages of the recent issues of such journals 

as Sociological Methodology, Political Analysis, Sociological Methods & Research, etc., to learn 

how to report the results of Bayesian analysis. Remember to include replication code in an ap-

pendix. The paper should be accompanied by a Power Point (or equivalent, preferably LaTeX) 

presentation of the paper. At the defense, you will be asked to publicly present the design and the 

key results of your research. You will have about 10 minutes to tell the audience about your re-

search (in English). You will get a higher grade if you are able to successfully demonstrate (a) a 

deep understanding of the method, (b) proficient skills in using Bayesian methods to analyze real 

data and ability to interpret the results of Bayesian analysis correctly, as well as (c) good presen-

tation skills. 

A5 Grading Criteria 

The most important aspects of your final papers to be graded are: (a) ability to formulate an orig-

inal research question which at the same time is related to ongoing theoretical debates (0-2 

points); (b) ability to operationalize your theoretical/conceptual model using relevant data (0-2 

points); (c) appropriate use of Bayesian methods (0-2 points) and (d) specific Bayesian terminol-

ogy (0-1 points), as well as (e) the ability to interpret the results of your analyses correctly (0-2 

points).  

Notice that (f) style and formatting issues (e.g. correct formatting of tables, figures, in-text cita-

tions, and references) also affect the final grade (0-1 points). I do not expect that your style and 

grammar will be perfect, but I should be able, at least, to understand from the text of your as-

signment what exactly you have done,   

Final project paper can be written alone or in collaboration with another student (three-author 

papers are not allowed). If you are working together, please indicate clearly in your reports and 

presentations, who did what part of the work. Notice that unless a group project deserves an ex-

cellent grade (8-10), it will get a final grade one point lower than an individual project of equiva-

lent quality. If you plagiarize, you will fail. The deadline for submitting final papers is noon of 
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June 20th, 2019.  Late submissions will be graded down (one point on a 1-10 scale per day of 

delay; papers submitted with a delay of three days or more will be penalized by 3 points, irre-

spective of the length of delay) 

 

Grades Assessment Criteria 

«Excellent» (8-10) 

 

 

A well-structured, analytical presentation of project work. Shows strong 

evidence and broad background knowledge. In a group presentation all 

members contribute equally and each contribution builds on the previous 

one clearly; Answers to follow-up questions reveal a good range and 

depth of knowledge beyond that covered in the presentation and show 

confidence in discussion. 

«Good» (6-7) 

 

 

Clearly organized analysis, showing evidence of a good overall 

knowledge of the topic. The presenter of the project work highlights key 

points and responds to follow up questions appropriately.  

«Satisfactory» (4-5) 

 

 

Takes a very basic approach to the topic, using broadly appropriate ma-

terial but lacking focus. The presentation of project work is largely un-

structured, and some points are irrelevant to the topic. Knowledge of the 

topic is limited and there may be evidence of basic misunderstanding. In 

a group presentation, most of the work is done by one or two students 

and the individual contributions do not add up. 

«Fail» (0-3) Fails to demonstrate any appropriate knowledge. 

 

 

 


