REQUIREMENTS
	Semmelweis University, Faculty of General Medicine – single, long-cycle medical training programme
Name of the host institution (and any contributing institutions):

Department of Biophysics and Radiation Biology

	Name of the subject:  Orvosi statisztika, informatika és telemedicina
in English: Medical statistics, informatics and telemedicine
in German: Medizinische Statistik, Informatik und Telemedizin                     
Credit value: 2
Semester: 3rd year I. semester
Total number of classes per week: 2.5                       

lectures: 1                       

practical lessons: 1.5             

seminars: 0
Type of subject:     compulsory          optional               elective


	Academic year: 2024/2025 I.

	Language of instruction, for optional or elective subjects: ---

	Course code: AOKFIZ739_1M, AOKFIZ739_1A, AOKFIZ739_1N
 

	Course coordinator: Dr. KELLERMAYER Miklós Sándor Zoltán
Place of work, phone number: Department of Biophysics and Radiation Biology, +3614591500/60200
Position: Professor, Head of Department
Date and number of habilitation: 2004 PTE ÁOK 7/2004/habil


	Objectives of the course and its place in the medical curriculum:
In recent years, medicine relies more intensively on statistics, as well as on the use and interactive management of databases. Our aim is to introduce students to the fundamentals of data analysis and decision support methods that are most common in medical practice. 

The subject focuses on the presentation of basic principles and concepts. We focus on logical thinking rather than computational techniques. The aim of the exercises is to deepen the knowledge conveyed in the lectures in a problem-oriented way and to apply it realistically. The calculation tasks that occasionally occur in the exercises are performed using simple, easy-to-use software on specified databases. During the internships, students have to acquire knowledge on making basic descriptive figures and tables, basic inferential statistics and regression models, as well as interpret scientific publications results.


	Place of instruction (address of lecture hall or seminar room etc.):

Lectures: Semmelweis University, Basic Medical Science Center, ground floor: Szent-Györgyi Albert lecture hall

Practices: Semmelweis University, Basic Medical Science Center, Department of Biophysics and Radiation Biology, 1st floor: Biophysics practice rooms

1094 Budapest, Tűzoltó u. 37-47.


	Competencies acquired through the completion of the course: 
The aim of the student is to acquire the following “theoretical” competencies (listed according to the planned lectures):

 - biostatistics in science: understand what statistics do and do not answer
 - be familiar with the basic statistics behaviour of clinical studies:
  1. its steps (planning, data collection, data description, data analysis, interpretation of ressults)
  2. its type (observational and experimental studies)
 - know the different data type
 - know the simple concept of a variable and its outcome

- know and be able to interpret the basics of the following concepts:
 descriptive statistics, frequency, relative frequency, cumulative frequency, mean, median, standard deviation, quantiles, data range, interquartile range; frequency (empirical) distribution, normal distribution
 - know and able to interpret the following graph types: histogram, bar plot, box plot, scatter plot, mosaic plot, percentile curves

- know and be able to interpret the basics of the following concepts:
 event, frequency and probability of an event; elementary event, independent events, mutually exclusive events
 - know the concept of conditional probability, recognize in text what the condition is
 - know the basic properties of normal and binomial distribution, its occurrence in the clinical practice
 - know and can simply tell the theorem of the central limit theorem, be aware of its relevance

 - know the concept of:

 sampling error; estimation, estimand, estimate; point and interval estimations; estimation intervals and reference interval
 - know and be able to interpret the concept of estimation error (as standard error), 

 - know the concept of confidence interval
 - know the concept of effect size

- know the basic thread of thought of the hypothesis tests, the underlying philosophy (falsification) and logic (existing knowledge, new hypothesis)
 - know the concept of:
 effect size, relevant difference, null hypothesis, null distribution, test statistics, first and second type error, significance level, significant difference, statistical power
 - know what is true and not true about Pearson p-value

- know the basic concept of t-tests and chi-square tests 

- know and be able to interpret the assumptions related to the t-test:

  1. independence

  2. homogeneity

  3. normality

- identify if the conditions for the t-test are met

- be aware of the problem caused by multiple comparisons

- know the concept of correlation, regression, cause and effect, differences

- know the concept of the outcome variable, explanatory variable

- be aware of the meaning and scope of OLS

- know the concept of residuals in the case of OLS

- be familiar with the concept of slope and intercept of a fitted line

- know the meaning of Pearson's correlation coefficient in a simple case

- know the basic of argumentation technics and phallacies

- be familiar with the concept and "role" of biases and confounding in clinical research

- know the weaknesses and strengths of the types of clinical studies (based on bias, confounding)  

- know the possibility of “treating” confounding through regression

- be familiar with the concept of control variables

- know about generalizability of regression models:

  categorical explanatory variable, categorical target variables, correlated outcomes

- know the concepts of odds, risks, odds ratio and logit

- know the basic concepts of epidemiology related to diagnostic tests (sensitivity, specificity…)

- know importance (situations) of the test parameters

- be familiar with the comparability of diagnostic tests in certain respects

- know the concept of incidence, prevalence, limitations of their use, "correctness"

- know the concepts of likelihood ratios

- know when and how to consult a statistician (know what information you should provide for)

- know the most important pitfalls of the questionnaires, how to avoid them

- know the basic concepts of decision theory

- know a priori and a posteriori distributions, probabilities concepts

- know the basis of Bayesian thinking

- get to know some of the possibilities and limitations of AI

- be familiar with some data sets that are important in clinical practice

The aim of the student is to acquire the following “practical” competencies (listed according to the planned practices):

- be able to classify variables (based on measurement results, outputs) into different data types

- be able to create and interpret histograms, bar charts

- be able to select the type of plot corresponding to the type of variables

- be able to create a box plot, scatter plot, mosaic plot (using a given computer program) and interpret it

 - be able to calculate and interpret the mean, median, quantiles, IQR

 - be able to read and interpret perecentile curves

- be able to answer simple clinical questions based on a binomial distribution

- be able to interpret the normal range, in the case of a normally distributed variable, calculate from a large number of samples

  - be able to interpret the confidence interval of the mean

- be able to formulate a question suitable for hypothesis testing and a null hypothesis

- be able to interpret the result of a simple hypothesis test

- be able to distinguish between relevant and significant result

- be able to perform a t-test in a simple situation,

- be able to interpret the results of a simple hypothesis test

- be able to recognize multiple comparisons

- be able to calculate the correlation of two variables (if applicable), to interpret the correlation coefficient

- be able to make a simple linear regression: to estimate a slope

- be able to evaluate the result of a hypothesis test related to a simple linear regression

- be able to estimate based on the fitted slope and intercept

- be able to distinguish between "right and wrong" arguments

- be able to give examples of basic bias (selection and information bias), confounding, recognize them

- be able to give examples of basic clinical study types and recognize them
- be able to basically interpret the outcome of multiple linear regression and logistic regression (estimate, confidence interval, p-value)

- be able to interpret the odds ratio

- be able to calculate basic diagnostic test parameters on the basis of a confusion matrix

 - be able to interpret each test parameter; recognize their significance, advantages and disadvantages

- be able to compare ROC curves

- be able to correctly recognize the use of incidence and prevalence

- be able to estimate the likelihood ratios

- be able to organize his data into an appropriate structure which can be processed by statistical programs

- be able to prepare a not terribly bad questionnaire

- be able to recognize what data and information to share with a statistician



	Prerequisites for course registration and completion:

Medical Biophysics II.


	Conditions for concurrent course registration and permission thereof in the case of a multi-semester subject: 
----



	Student headcount conditions for starting the course (minimum, maximum) and method of student selection:

There is no maximum or minimum number of students, we select them based on their application.


	Detailed course description: 

Planned schedule of lectures:

Week

Title

1

Principles of quantitative medicine.

2

Summary of data: descriptive statistics.

3

Event, probability, distribution.

4

Estimations.

5

Principles of hypothesis testing in medical practice.

6

T-tests; chi-square tests.
Multiplicity.

7

Correlation. Simple linear regression.

8

Arguing.

9

Confounding, biases. Linear regression as a tool against confounding,

10

Evaluation of diagnostic tests.

11

Statistical concepts in epidemiology. Prevalence, incidence, risk, odds. ROC curves. Likelihood ratios.
12

Communication with a statistician. Sample size. Data tables. Survey tips.
13

Introduction to medical decision theory, Bayesian theory: a priori and a posteriori distributions, learning model.

14

Databases, expert systems, AI supported diagnostics, BigData.

Lecturers: Dr. KELLERMAYER Miklós Sándor Zoltán, Dr. AGÓCS Gergely, Dr. GÁL-SOMKUTI Judit, Dr. KAPOSI András, Dr. KISS Balázs, Dr. MÁRTONFALVI Zsolt, Dr. SCHAY Gusztáv, Dr. VERES Dániel Sándor.

Planned schedule of practices:

Week

Title

1

Introduction.
Data types. Introduction to data types.

2

Graphical representation of data and interpretation of plots I. Ploting frequencies: visualization of samples with a large number of elements on a histogram, bar plot.

3

Graphical representation of data and interpretation of plots II. Box plots, scatter plot, mosaic plot. Outliers. Interpretatation of percentile curves.
Descriptive values. Determination of descriptive values from a large sample size.

4

Distributions. Using binomial distributions. Using normal distributions.

5

Reference interval. Approximate calculation for normal distribution. Interpretation.
Confidence intervals. Simple calculation of the confidence interval of mean. Interpratation.

6

Hypothesis tests. Logic of hypothesis tests.

7

Hypothesis test and confidence interval calculation on difference between two ratios. Chi-square tests, Fisher exact test. Confidence interval of difference between two ratios.
8

Hypothesis test and confidence interval on difference of means. Student t-tests. Making t-tests. Interpretation of effect size, confidence interval and p-value.
Multiplicity. Examples for multiple testing.

9

Correlation, regression. Interpretation of correlation coefficient. Making simple linear regression, interpretation of the slope.

10

Regression models. Interpreting the results of multiple regression models.

11

Diagnostic tests I. Diagnostic tests.

12

Diagnostic tests II. Odds, OR, RR. Likelihood ratios.

13

Preparing data. Organizing data tables.

14

Possibility to write an exam test.

Tutors: Dr. AGÓCS Gergely, Dr. GALÁNTAI Rita, Dr. GÁL-SOMKUTI Judit, Dr. KAPOSI András, Dr. KELLERMAYER Miklós Sándor Zoltán, Dr. KISS Balázs, Dr. KISS Bálint, Dr. HEGEDŰS Nikolett, Dr. HEGEDŰS Tamás, Dr. MÁRTONFALVI Zsolt, Dr. SCHAY Gusztáv, Dr. SZIKLAI Dominik, KRETZER Balázs, Dr. SZÖLLŐSI Dávid, Dr. VERES Dániel Sándor, Dr. ZOLCSÁK Ádám.


	Related subjects due to interdisciplinary fields (both compulsory and elective) and potential overlaps between subjects: 

Some concepts - e.g. The interpretation of average, frequency and scientific publications occurs in each of the subjects, but these are not listed here, considering that the overlap is significant but not relevant. 

Compulsory subjects: 

Medical Biophysics I.: descriptive statistics.

Medical Biophysics II.: descriptive statistics.

Public Health: interpretation of concepts, calculations (prevalence, incidence, parameters of diagnostic tests, etc.), databases, scientific articles that also appear in epidemiology.

Medical Microbiology: epidemiological statistical concepts

Compulsory subjects: 

Introduction to the Methodology of Clinical Research I – observational studies: descriptive statistical concepts, their calculation, thought process of hypotheses, interpretation of their results, types of clinical trials, biases. Regression models, confoundings.

Introduction to the Methodology of Clinical Research II – experimental studies: descriptive statistical concepts, their calculation, thought process of hypotheses, interpretation of their results, types of clinical trials, biases.

Library informatics: databases

Infectology: epidemiological statistical concepts

Student research: no overlap - anything can completely overlap in range

Elective subjects:

Introduction to principles of students’ scientific research: statistical concepts, database management

The role of artificial intelligence in medicine: concepts related to diagnostic tests, their calculation (eg hit rate, sensitivity, specificity, AUC)

Bioinformatics: concepts related to diagnostic tests, their calculation (eg hit rate, sensitivity, specificity, ROC curve), interpretation of the results of hypothesis tests

Data visualization: making figures



	Attendance requirements; conditions under which students can make up for absences and the method of absence justification:
Attendance at lectures is optional. Attendance is required for at least 75% of the practicals. Make up of missed exercises is possible in the given week, with another group, after consultation with the practice leaders. No need for justification of absence.


	Form of assessment in the study period: 
Time and place
The 3->13. week, every week. (11 tests in total)
In the given week from Monday at 8:00 a.m. to Sunday at 11:55 p.m.
Material
The material of the lectures and practices of the previous weeks.

Form
Moodle test.
The questions will include both simple and complex multiple-choice, true-false, matching, calculation tasks, etc. (no open-ended questions). The use of R Commander is almost essential for some of the tasks!
Scoring
For questions where the answer can be chosen from several options, points are deducted in case of a wrong answer. For "numerical" tasks (where the result has to be entered, not chosen from predefined values), there are no points deducted for a wrong answer.
Duration and repeatability
Duration is about 20 minutes.
Each weekly test can be repeated 3 times
Bonus points (counts into the exam)
The best result of the 3 repetitions of the given weekly test counts.
The bonus points can be counted in the exam grade (see the exam description).
Out of the results of 3->13. week's tests, the bonus points can be obtained according to 9 tests' results because in the decision of the bonus points we leave out the 2 worst test's result. Bonus points can be obtained as follows: 
1. all test results are at least 75%: 10 points
2. all test results are at least 75% and their average is at least 90%: 15 points



	Number and type of assignments for individual work and the deadline for submission:  
There are no individual assignments.


	Requirements to obtain the teacher’s signature: 
Attend at least 75% of the practices.



	Type of assessment: 
Written and oral end-term examination.


	Examination requirements:

The material of the exam was introduced during the lectures and exercises (see the detailed course description as topic list). The questions will include both simple and complex multiple-choice, true-false, matching, calculation tasks, etc.
The exam has 2 "levels":
Level 1
The first level covers the material of theory (e.g. interpretation of concepts) and practice (e.g. evaluation of figures, result tables) for which the use of R Commander is not required, but knowledge (e.g. interpretation of outputs) is required. A maximum grade of 4 can be obtained at this level. 

Level 2
To write the second level, it is necessary to obtain at least 75 points in the first level. Bonus points cannot be used to achieve this 75-point limit.
At this level, there are questions that require the use of R Commander (tasks similar to those performed in the practices) or, in the case of an oral exam, a deeper knowledge of calculation methods.
Duration of the exam

35 + 30 minutes (level 1 and 2)



	Method and type of grading:
The moodle written exam has 2 "levels":

Level 1

A maximum grade of 4 can be obtained at this level.

Scoring:

Maximum score: 100 points (+ bonus points can be obtained, see the form of assessment in the study period.

For questions where the answer can be chosen from several options, points are reduced ("negative points") in the case of a wrong answer. For "calculation" tasks (where the result has to be entered, not chosen from predefined values), there is no point reduction for the wrong answer.

The exam grades:

less than 50 points: failed exam, 1

51-64 points: 2

65-74 points: 3

at least 75 points: 4

a grade of 5 requires successful writing of the test at level 2

Bonus points cannot be used if the result of the test does not exceed 50 points.

If the result of the test is above 50 points, the bonus points are added to the test result, and this sum is used to determine the grade (2, or, 3, or 4).

Level 2

To write the second level, it is necessary to obtain at least 75 points in the first level. Bonus points cannot be used to achieve this 75-point limit.

Scoring:

Maximum score: 100 points (+ bonus points can be obtained, see the mid-term tests to encourage learning)
The bonus points are added to the test result, and this sum is used to determine the grade.
For questions where the answer can be chosen from several options, points are reduced in the case of a wrong answer. For "calculation" tasks (where the result has to be entered, not chosen from predefined values), there is no point deduction for a wrong answer.

The exam grade:

at least 80 points: 5

less than 80 points: 4
If the student fails to reach 80 points, an oral exam will be offered for a mark of 5. The topics for the oral examination are the topics of the practices of weeks 5-10 (except 6). The oral exam will focus on calculation methods and model checking.


	List of course books, textbooks, study aids and literature facilitating the acquisition of knowledge to complete the course and included in the assessment, precisely indicating which requirement each item is related to (e.g., topic by topic) as well as a list of important technical and other applicable study aids:  
We provide the recorded videos of the lectures and additionally the detailed („transcript”) version of the lecture slides.

We provide detailed lab scripts for the practices it includes the short theoretical background and how to make the evaluation in RCommander or in excel („click-by-click”)
Additional supporting materials as how to install R for Mac and Windows also available.

The mentioned materials are available in the subject’s university moodle page. (https://itc.semmelweis.hu/moodle/login/index.php)


	Signature of habilitated instructor (course coordinator) announcing the course: 


	Signature of the director of the host institution:


	Date of submission:





