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Course Description:

This course is primarily designed for doctoral students who work with quantitative social science
data, and who are interested in using cutting-edge statistical analyses in their research.

While the frequentist framework (i.e. null-hypothesis significance testing) still reigns as the most
common statistical paradigm in contemporary social science research, Bayesian statistics are
becoming increasingly utilized across a number of humanistic fields. This is due in part to the number
of advantages that Bayesian statistics have over frequentist analyses. Bayesian methods, however,
are still commonly viewed as intimidating and opaque to many researchers. The general aim of this
course, therefore, is to make Bayesian analyses more clear and accessible; in light of this goal, you
will i) gain an understanding of Bayesian inference, including the theoretical elements characterizing
this framework, and ii) learn how to conduct Bayesian statistical analyses on your own quantitative
datasets.

We will begin this course by discussing the strengths and weaknesses of the Bayesian framework
compared to more classical statistical methods. We will then transition into learning how to
practically apply the Bayesian method to quantitative datasets, using the software R.

By the end of this course, you should:


https://training.kcl.ac.uk/kcl/#he/dev/eventDetails,;em,providerCode=LISS,providerOrgAlias=kcl,number=2110
https://liss-dtp.ac.uk/training/frequently-asked-questions/
https://liss-dtp.ac.uk/training/frequently-asked-questions/
https://www.datacamp.com/tutorial/r-studio-tutorial
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e Understand the theoretical principles underpinning Bayesian inference

e Be familiar with the pros and cons of Bayesian vs. frequentist statistical analyses, particularly
as relating to the way that these two frameworks conceptualise probability and uncertainty.

e Be confident in conducting Bayesian analyses on original datasets, from the initial stages of
running a Bayesian statistical model through to the concluding stages of visualising and
reporting the results from this model. Specifically, you will be able to
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Visualize the relationships between variables of interest.
Define model and priors in a Bayesian model.

Fit a Bayesian regression model to quantitative data.
Check this model for successful fit and convergence.
Carry out inferences based on the model output.

Visualise and report the model output.

For each of these steps, we will work with example datasets from a variety of social science fields.
Once you feel confident applying each of these steps, you will have the opportunity to run a Bayesian
analysis on your own data. We will then workshop our analyses, providing peer feedback and
support, to strengthen your ability to successfully conduct Bayesian analyses going forward.

Meet your course convenor:

My name is Scott, and | am very much looking forward to working with you in this short course. | am
a postdoctoral researcher in linguistics at University of Konstanz, with a passion for rigorous
guantitative methods and an enthusiasm for sharing my knowledge with others. Please feel free to
reach out to me at scott.kunkel@uni-konstanz.de.

Course Outline:

The general outline of this course is as follows:

Session 1: Introduction to Bayesian inference

e The basic premises of Bayesian inference
o Probability and uncertainty
o Bayesian analysis as an epistemological theory
o Deconstructing frequentist p-values

e Comparing Bayesian vs. frequentist frameworks
o Hypothesis testing
o Degrees of statistical objectivity
o Computational power
o Familiarity in the research field
e Conducting Bayesian analyses
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o What kind of data can we analyse?
o What is the role of prior knowledge?
o What are posterior distributions?

Session 2: Conducting a Bayesian analysis (Part I: Fitting a model)

e Overview of mixed-effects modelling
o Fixed effects
o Random effects
o Interactional effects
e Introduction to the brms package (Blirkner 2017)
o Overview of model syntax
e Incorporating prior knowledge into your model
o Setting different kinds of prior
o How to define informative priors
e Under the hood: Posterior sampling
o Monte Carlo Markov Chain (MCMC) sampling
o Ways to speed up the sampling of a model
e Checking model quality
o Diagnostics for model convergence
o Determining model fit
o Comparing different models

Session 3: Conducting a Bayesian analysis (Part II: Carrying out inferences)

e Posterior distributions

o Interpreting credible intervals

o Determining meaningful results

o Post-hoc analyses in the Bayesian framework
e Equivalence testing

o Probability of direction

o Region of Practical Equivalence (ROPE)
e Reporting Bayesian results

o Visualizing posterior distributions

o Writing-up Bayesian results

Session 4: Bayesian analysis workshop

In the last session, you will be invited to conduct a Bayesian analysis on an original dataset you have
collected. If you do not yet have your own data, there will be other datasets available that you can
choose to work with.

e Describing your data
o What is your outcome and predictor variables?
o What are your hypotheses?
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o What relationships are observed between your variables?
e Fitting your model (basic model syntax)
o What fixed effects do you want to test?
o What interactions, if any, do you want to test?
o What is a reasonable random effects structure to include in your model?
o Is your model adequately complex? Overly complex?
e Fitting your model (Bayesian parameters)
o What prior knowledge, if any, do you want to include in your model?
o Are your sampling parameters justified?
e Model evaluation
o Does your model successfully converge?
o Does your model fit your data well?
o Have you compared and contrasted the fit of different models to your data?
e Interpreting/communicating model results
o Which of your variables are meaningful?
o How can you describe your results in writing?
o How can you visualise these results?
e Peerreview of analyses

Reading list:

| highly recommend reading this very accessible, introductory article on Bayesian data analysis from
Kruschke & Liddell (2018), either before the start of this course or before the beginning of the second
session (when we will start getting hands-on experience conducting Bayesian analyses).

| also recommend reading these articles, which we will discuss in the third session of this course:

e Kruschke, J. K. (2021). Bayesian analysis reporting guidelines. Nature human behaviour, 5(10),
1282-1291.

e Makowski, D., Ben-Shachar, M.S., Chen, S. A., & Liidecke, D. (2019). Indices of effect existence
and significance in the Bayesian framework. Frontiers in psychology, 10, 2767.

Further readings will be made accessible during the courses.

Pre course preparation:

From the second session, we will be using the popular, statistical software R to conduct Bayesian
analyses. It is preferred if you come to this course with R already installed on your computer. To
download this software, you can do the following:

e Go to the official webpage for R. Under the heading ‘Download and Install R’, download the
most recent version of R that is supported by your operating system (i.e. Windows, Mac,
Linux).



https://link.springer.com/article/10.3758/s13423-017-1272-1?wt_mc=Other.Other.8.CON1172.PSBR+VSI+Art01+&+utm_medium=other+&+utm_source=other+&+utm_content=2062018+&+utm_campaign=8_ago1936_psbr+vsi+art01
https://www.nature.com/articles/s41562-021-01177-7
https://www.frontiersin.org/journals/psychology/articles/10.3389/fpsyg.2019.02767/full
https://cloud.r-project.org/
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We will also be using RStudio, a relatively user-friendly coding environment that makes conducting
analyses in R easier. To download this software you can follow these steps:

e Go to the official webpage for RStudio. Click on the ‘Download RStudio’ button. Download
the most recent version of RStudio that is supported by your operating system (i.e.
Windows, Mac, Linux).

We will specifically be using the R package brms (currently, the most popular package for
conducting Bayesian statistical analyses), which we will install together in session.

Eligibility:

Although no prior knowledge of Bayesian statistics is assumed, some prior experience with statistical
analyses (and particularly with conducting mixed-effects modelling) will be helpful in this course.
However, since we will begin with the basics of Bayesian statistics and build from there, newcomers
to statistics are also welcome.

Number of students:
Minimum number required to run: 5

Maximum number of places available: no maximum

Accessibility

LISS DTP aims to provide an inclusive environment for everyone who attends our events to enable
participation for all. If you have any special requirements such as alternative
communication/presentation access needs, please let us know at liss-dtp@kcl.ac.uk.



https://posit.co/downloads/
https://github.com/paul-buerkner/brms
mailto:liss-dtp@kcl.ac.uk
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