Application of Bayesian statistics in social sciences

Annotation

There are two paradigms in contemporary statistics. The first one, which is the best
known and widely used, is called “frequentist”. The second one is practically unknown
(especially in Bulgaria) and it is used by limited group of scientists (mainly in the world). It is
called Bayesian.
The goal of the course is to present theoretical introduction as well as demonstration of
the possible applications of Bayesian statistics in the field of the social sciences.
The principles, instruments and techniques of Bayesian statistics will be presented in
the theoretical introduction. This means that there necessary will be a little bit more
mathematics in this section. However, it is necessary base when various applications are
examined. But only such kind of practical problems, which frequentist statistics can not solve
(or at least, can solve with serious difficulties), will be examined in the course. They are:
¢ Inference based on information from non-representative samples. Lately there are
enough examples about non-representative samples — votes on Internet, votes by
phone or by SMS concerning various TV shows (Bulgarian Song for Eurovision,
Test of the Nation, Big Brother, Star Academy, Musical Ku-ku Academy, Vote of
Thrust, Crash etc.).

¢ Inference based on information from representative samples but concerns to
several parameters which are not independent. For example, the problem about
estimation of relative frequency of people who choose certain party only among
the actual voters.

e (alculation of probability for belonging to certain group. This can be successfully

combined with multiple tables. This way easy alternative of methods called either

“risk analysis” or “decision making under uncertainty” is received.



Syllabus

1. A little bit history
Probability theory.
Frequentist statistics.

Bayesian statistics.

2. A little bit mathematics

Probability. Conditional probability.

Sum rule and product rule. Marginal probamrbility and Bayes theorem. Prior
probability and posterior probability. Method of maximum entropy.

Normalization and marginalization. Elimination of nuisance parameters.

Distribution, probability density and probability distribution function.

3. Statistical inference of relative frequencies based on prior probability
Sample without return, sample with return, large population.
Calculation of probabilities.

Probability distribution, hypotheses testing and confidence intervals.

4. Statistical inference of important parameters of distribution (mean, standard
deviation etc.) based on prior probability

Sample without return, sample with return, large population.

Calculation of probabilities.

Probability distribution, hypotheses testing and confidence intervals.

5. Application in the field of social sciences — non-representative samples

Votes on Internet.

Votes on TV — Bulgarian Song for Eurovision, Big Brother, Star Academy, Vote of
Thrust, Crash, Test of the Nation, Musical Ku-ku Academy etc. The problem about the
determination of the winner.

Students’ evaluation of teaching.



6. Statistical inference of relative frequencies based on posterior probability
Sample without return, sample with return, large population.

Calculation of probability.

Probability distribution, hypotheses testing and confidence intervals.

Most probable distribution (most probable relative frequencies) in the population.

7. Statistical inference of important parameters of distribution (mean, standard
deviation etc.) based on posterior probability

Sample without return, sample with return, large population.

Calculation of probability.

Probability distribution, hypotheses testing and confidence intervals.

8. Application in the field of social sciences — representative samples
Estimation of two and more relative frequencies which are not independent.

Electoral surveys. The problem about relative frequency among the actual voters.

9. Estimation of probability for belonging to certain group

Calculation of probability for belonging to certain group based on prior and posterior
probabilities.

Bank rules for granting a loan. Insurance rule for setting insurance premium.

Possibilities for application in the field of marketing and political surveys.

10. Application in the field of forecasting — confidence interval of extrapolations
Analysis of residuals and calculation of probability for belonging to certain group
based on prior and posterior probabilities.

Confidence intervals of extrapolations.
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