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	2.
	I. COURSE CONTENT
The purpose of teaching the course Biostatistics at the master’s level is to develop students’ advanced theoretical intuition in probability, as well as their ability to construct mathematical and statistical models that reflect random phenomena encountered in practical experiments and to analyze these models using modern statistical methods. In addition, the course aims to foster students’ understanding of the necessity of statistical analysis in scientific research and to develop their skills in independently applying statistical methods to practical cases.

Objectives of the Course
For master’s students, the course Biostatistics fulfills the following main objectives:

Theoretical foundations – providing in-depth knowledge of the fundamental concepts of mathematical statistics, including probability theory, random events, variation series, probability distributions, hypothesis testing, regression, and correlation analysis;

Statistical modeling of biological processes – teaching students to construct mathematical models of biological processes using classical and modern statistical approaches, analyze these models, and draw biologically meaningful conclusions;

Practical skills – developing students’ competencies in collecting real biological and medical data and processing them using modern software tools such as R, SPSS, Python, Statistica, Excel, and others;

Research competence – forming the ability to analyze problems encountered in biology, medicine, and ecology using methods of mathematical statistics, and to correctly apply statistical methods in scientific articles and dissertation research;

Integration with information technologies – teaching students to perform statistical analyses in close integration with informatics, bioinformatics, and computer technologies.

Role and Significance of the Course
The course Biostatistics is closely interconnected with elementary mathematics, informatics and information technologies, calculus, probability theory, and mathematical statistics, and it should be mastered in an integrated manner alongside these disciplines.

Today, statistical analysis plays a fundamental role in all scientific fields, particularly in biology, medicine, agriculture, and ecology. In this context, Biostatistics serves as a core foundational discipline within these areas.

In-depth study of the course equips master’s students with essential professional competencies in scientific research methodology, analysis of experimental data, modeling, and forecasting.

Improvement Based on International Experience
In developing this curriculum, the Biostatistics course syllabus designed in 2023 for master’s and doctoral programs at the University of Florida (USA) was reviewed and adapted.
According to the QS World University Rankings, the University of Florida was ranked 215th as of August 2025. Biostatistics Graduate Program Handbook 2023–2025
II. MAIN THEORETICAL SECTION (LECTURE SESSIONS)
The course includes the following topics:

1. Theoretical foundations of biostatistics and medical-biological statistical analysis
Subject, purpose, and objectives of biostatistics; scientific foundations of statistical research; applications in biology and medicine; current challenges in statistical analysis and approaches to their solution.

2. Variation series and methods for ensuring sample representativeness
Types of variation series, frequencies, class intervals, and sampling methods; issues related to ensuring the reliability of samples in ecological and biomedical research.

3. Measures of central tendency: arithmetic, geometric, and harmonic means, mode, and median
Mathematical and biological interpretation of mean values; their practical applications and limitations; the role of central tendency in statistical distributions.

4. The normal distribution law and its application in modeling biological processes
The Gauss–Laplace law, the normal distribution curve, and the three-sigma rule; distribution of biological traits; tests for normality and their significance in clinical research.

5. Binomial and Poisson distributions: theoretical foundations and practical applications
The binomial distribution in genetic experiments; the Poisson law for modeling rare events; practical interpretation of probability theory in natural sciences.

6. Variance, standard deviation, and variability indicators: significance in biological research
Concepts of variance and standard deviation; standard error and coefficient of variation; their role in analyzing biological diversity and interpreting scientific results.

7. Hypothesis testing using the χ² (chi-square) criterion and its practical applications
Fundamentals of testing statistical hypotheses; comparison of observed and expected frequencies; applications of the χ² test in genetic and ecological research.

8. Non-parametric tests: application of the Mann–Whitney U test
Mathematical basis of the Mann–Whitney U test; differences between parametric and non-parametric tests; applicability in small-sample biological studies.

9. Student’s t-test: statistical foundations for group comparisons
Theory and practical application of one-sample, paired, and two-sample t-tests; the concept of degrees of freedom; comparison of groups in clinical research.

10. Fisher’s F-test and Welch’s test: analysis and comparison of variances
Comparison of variances using the F-test; advantages of Welch’s test; analyses related to ANOVA; applications in experimental biology.

11. Correlation analysis: identifying statistical relationships and biological interpretation
Positive and negative correlations; Pearson and Spearman correlation coefficients; identification and interpretation of relationships among biological processes.

12. Regression analysis: practical applications of linear, multiple, and logistic regression
Simple and multivariate regression models; the importance of logistic regression in medicine and ecology; regression modeling using R and Python.

13. Evaluation of research results: confidence intervals, systematic errors, and the placebo effect
Confidence intervals and their application in biological research; distinction between random and systematic errors; the role of placebo control in clinical studies.

14. Use of statistical measures: absolute and relative indicators and common errors
Scientific interpretation of absolute and relative measures; typical errors in their misuse; effective application of statistical indicators in biological research.

15. Modern software tools for statistical analysis: Excel, SPSS, R, Python, and Origin. Data processing using modern software tools; advantages and limitations of different programs; practical applications in biostatistical research.

III. GUIDELINES AND RECOMMENDATIONS FOR PRACTICAL SESSIONS
1. Theoretical and practical foundations of biostatistical analysis in biological research.
Analysis of topic-related examples using theoretical approaches and modern software tools; discussion of relevant analyses from scientific articles.

2. Variation series and the scientific foundations of sampling.
Analysis of topic-related examples using theoretical approaches and modern software tools; discussion of relevant analyses from scientific articles
3. Calculation of measures of central tendency and their biological interpretation.
Analysis of topic-related examples using theoretical approaches and modern software tools; discussion of relevant analyses from scientific articles.
4. Testing the normal distribution and its application in biological processes.
Analysis of topic-related examples using theoretical approaches and modern software tools; discussion of relevant analyses from scientific articles.

5. Binomial and Poisson distributions: modeling biological processes.
Analysis of topic-related examples using theoretical approaches and modern software tools; discussion of relevant analyses from scientific articles.
Variance and variability indicators: practical calculation and analysis.
Analysis of topic-related examples using theoretical approaches and modern software tools; discussion of relevant analyses from scientific articles.
7. Hypothesis testing using the χ² (chi-square) criterion.
Analysis of topic-related examples using theoretical approaches and modern software tools; discussion of relevant analyses from scientific articles.
8. Non-parametric tests: application of the Mann–Whitney U test.
Analysis of topic-related examples using theoretical approaches and modern software tools; discussion of relevant analyses from scientific articles.
9. Group comparison using Student’s t-test.
Analysis of topic-related examples using theoretical approaches and modern software tools; discussion of relevant analyses from scientific articles.
10. Comparison of variances using Fisher’s F test and Welch’s test.
Analysis of topic-related examples using theoretical approaches and modern software tools; discussion of relevant analyses from scientific articles.
11. Correlation analysis: identification and evaluation of relationships.
Analysis of topic-related examples using theoretical approaches and modern software tools; discussion of relevant analyses from scientific articles.
12. Scientific prediction using regression analysis.
Analysis of topic-related examples using theoretical approaches and modern software tools; discussion of relevant analyses from scientific articles.
13. Evaluation of research results: confidence intervals and their application.
Analysis of topic-related examples using theoretical approaches and modern software tools; discussion of relevant analyses from scientific articles.
14. Use of statistical measures and analysis of common errors.
Analysis of topic-related examples using theoretical approaches and modern software tools; discussion of relevant analyses from scientific articles.
15. Performing statistical analyses using modern software tools.
Analysis of topic-related examples using theoretical approaches and modern software tools; discussion of relevant analyses from scientific articles.
IV. RECOMMENDED COURSE PAPER TOPICS
1. Application of variation series, statistical populations, and sample representativeness in biological research.

2. Performing statistical analyses using modern computer software.

3. Conducting comparative analyses in biology using statistical methods.

4. Study of statistical analyses applied in modern biological research.

5. Comparison of results obtained in biological experiments with expected outcomes.

6. Statistical analysis of relationships between biological processes.

7. Scientific forecasting using statistical analysis.

8. Proper use and interpretation of statistical analysis results in scientific publications.

9. Student’s t-test and its applications.

10. Application of confidence intervals in biological research.

11. History and future prospects of the development of biostatistics.

12. Application of binomial and Poisson distribution laws in biological research.

13. Application of the Mann–Whitney U test in biological research.

14. Use of arithmetic and geometric means, mode, and median in biological research.

15. The normal distribution law.

COURSE PAPER ASSESSMENT CRITERIA
During the semester, the master’s student prepares a course paper on the assigned topic. The course paper supervisor provides guidance and monitors the progress of the work. Prior to the final assessment, a course paper defense is organized based on an approved outline. The evaluation is conducted according to the following criteria:

· Excellent (5) – The student independently prepares the course paper, draws well-founded conclusions, demonstrates creative and critical thinking, conducts independent analysis, effectively applies acquired knowledge in practice, and delivers an excellent course paper defense and presentation.

· Good (4) – The student independently prepares the course paper, demonstrates analytical thinking, applies acquired knowledge in practice, clearly expresses ideas, and delivers a good course paper defense and presentation.

· Satisfactory (3) – The student independently prepares the course paper, applies acquired knowledge in practice, expresses ideas at a satisfactory level, demonstrates a general understanding of the topic, and delivers a satisfactory course paper defense and presentation.

· Unsatisfactory (2) – The student prepares the course paper inadequately, does not understand the essence of the subject (topic), and delivers an unsatisfactory course paper defense and presentation.

V. INDEPENDENT STUDY AND INDIVIDUAL WORK
Recommended Topics for Independent Study:
1. Provide three real-life examples of the application of biostatistics in biology and medicine and analyze them in written form.

2. Draw a diagram or schematic illustrating the scientific foundations of statistical research.

3.  Write a term paper on current challenges in biostatistical analysis.

4. Select a scientific article conducted using biostatistical approaches and provide a detailed analysis.

5. Construct a variation series based on self-selected ecological data.

6.  Determine class intervals and prepare a frequency distribution table.

7.  Study two different sampling methods and provide a comparative written analysis.

8.  Calculate the arithmetic, geometric, and harmonic means for a given dataset.

9.  Develop examples for determining the mode and median.

10.  Draw the normal distribution curve and explain the three-sigma rule.

11.  Analyze given clinical indicators using tests for normality.

12.  Perform practical calculations using the binomial distribution for a genetic experiment.

13.  Model a rare ecological event using the Poisson distribution.

14.  Prepare a comparative table of the binomial and Poisson distributions.

15. Calculate variance and standard deviation based on collected data.

16.  Provide a written explanation of the role of the coefficient of variation in assessing biological diversity.

17.  Complete an assignment comparing observed and expected frequencies using the χ² (chi-square) test.

18.  Conduct a comparison of two small samples using the Mann–Whitney U test.

19.  Compare data from two groups using Student’s t-test and interpret the results.

20.  Perform a task comparing variances of two groups using Fisher’s F-test.

21.  Prepare a comparative table of the Welch test and the F-test.

22.  Work with a small dataset to calculate the Pearson correlation coefficient.

23.  Develop an example illustrating the calculation of Spearman’s rank correlation.

24. Model a simple linear regression using R or Excel.

25.  Calculate and interpret a confidence interval based on the given data.

26.  Prepare a text comparing random and systematic errors.

27.  Write an essay on the significance of the placebo effect in clinical research.

28.  Explain typical errors encountered when using absolute and relative measures.

29.  Analyze a simple dataset using a statistical software package (SPSS, R, Python, or Excel) and present the results in presentation format.

30.  Model a rare ecological event using the Poisson distribution.

Guidelines and responsibilities for independent study in the course
When completing independent study assignments, students are required to:

a) Actively work with textbooks and study materials to gain a deep understanding of the topics covered.

b) Prepare in advance for lectures, practical and seminar sessions, as well as assessments (tests and exams), and use time efficiently.

c) Submit each independent study assignment within the specified deadlines.

d) Understand and comply with the rule that assignments submitted after the deadline will not be accepted.

e) Be aware of and avoid plagiarism when completing independent study tasks.

Independent study assignments for the course are recommended to be completed using the principle of alternative options:

1. Prepare an analytical report (essay) on the topic.

2. Prepare an analytical presentation on a specific topic.

3. Find a solution to a given problem and analyze it.

4. Conduct an in-depth analysis of a given problem, providing definitions and conclusions.

5. Study a given topic thoroughly and analyze it at an advanced level.

6. Develop practical problem-solving skills by working on projects, preparing tests, discussion questions, and assignments to find solutions to existing practical issues.

7. Prepare a scientific article, thesis, or lecture material.

8. Solve non-standard practical problems creatively.

Independent study assignments are assessed during practical sessions and are taken into account in interim assessments.



	3.
	VI. LEARNING OUTCOMES / PROFESSIONAL COMPETENCIES
Upon successful completion of this course, the student will be able to apply biostatistical concepts, analyze populations and samples, use statistical distributions and measures, perform correlation and regression analysis, conduct hypothesis testing, and build statistical models for biological research.

	4.
	VII. TEACHING AND LEARNING TECHNOLOGIES AND METHODS
· Lectures;

· Interactive case studies;

· Group work;

· Delivering presentations;

· Individual projects;

· Team-based projects with collaborative work and project defense.

	5.
	VIII. REQUIREMENTS FOR AWARDING CREDITS
Credits allocated to the course are awarded to master’s students upon achieving positive results in all assessment components for each semester.

To assess students’ knowledge in the course, midterm assessment (MA) and final assessment (FA) are applied. Grading for all types of assessment is carried out according to the following scale:
5 – Excellent, 4 – Good, 3 – Satisfactory, 2 – Unsatisfactory.

The midterm assessment is conducted once each semester in the form of a written examination.

Throughout the semester, master’s students are regularly assessed during practical (seminar) classes for each topic, and the results are averaged. In this process, timely and complete completion of practical (seminar) tasks and independent study assignments, as well as students’ active participation in classes, are taken into account.

In addition, grades obtained for practical (seminar) classes and independent study assignments are included in the midterm assessment. The average grade for each midterm assessment period is recalculated by averaging it with the grade obtained in the corresponding midterm assessment.

The grades obtained from the midterm assessments are officially recorded as the results of the midterm assessment.

The final assessment is conducted at the end of the semester according to the approved schedule, in the form of a written examination.

In the midterm (MA) and final (FA) assessments:

· Excellent (5) – The student is able to make independent conclusions and decisions, demonstrates creative and critical thinking, conducts independent analysis, applies acquired knowledge in practice, understands the essence of the subject (topic), can clearly explain and present it, and has a comprehensive understanding of the course content.

· Good (4) – The student demonstrates independent reasoning, applies acquired knowledge in practice, understands the essence of the subject (topic), can explain and present it clearly, and has a good understanding of the course content.

· Satisfactory (3) – The student applies acquired knowledge in practice, understands the essence of the subject (topic), can explain and present it at a basic level, and has a general understanding of the course content.

· Unsatisfactory (2) – The student has not mastered the course syllabus, does not understand the essence of the subject (topic), and lacks sufficient understanding of the course content.

During the semester, the master’s student completes and defends a course paper, which is assessed using a 5-point grading scale.
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