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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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Abstract.
This paper comprehensively elaborates on a statistical teaching 

design that is intricately centered around the construction of stroke 
prediction models. Stroke, being one of the foremost causes of death 
and disability on a global scale, necessitates the development of 
accurate prediction models, which carry substantial clinical value. This 
teaching design is meticulously crafted to not only endow students with 
practical statistical skills but also to deepen their comprehension of the 
medical applications of statistics. By doing so, it aims to cultivate cross 
- disciplinary talents who are proficient in both statistical and medical 
knowledge, equipping them to contribute effectively to the field of 
medical data analysis and stroke prevention.

Key words. Stroke prediction model, statistical teaching, cross - 
disciplinary education.

Introduction.
Stroke is a leading cause of death and disability in globally and 

particularly in low- and middle-income countries, and this burden is 
increasing [1-4]. The stroke burden will probably continue to grow 
across the world [5-8]. Stroke is the second leading cause of death 
globally, surpassed only by ischemic heart disease. It is characterized 
by five key features: a high incidence rate, a high disability rate, a 
high mortality rate, a high recurrence rate, and a significant economic 
burden. As the leading cause of adult disability worldwide, stroke 
affects over 13 million new cases each year. The residual neurological 
dysfunction and socio-economic burden associated with stroke present 
major challenges in the field of public health in the 21st century [9-13]. 
Stroke, a complex cerebrovascular disease, poses a grave and persistent 
threat to human health. It has a profound impact on individuals, families, 
and society at large, not only in terms of mortality but also in causing 
long - term disability. The development of reliable stroke prediction 
models has emerged as a crucial area of research and practice. Such 
models can play a pivotal role in accurately identifying high - risk 
populations. Through early identification, preventive measures can 
be implemented, and timely medical interventions can be carried out, 
potentially reducing the incidence and severity of strokes.

In the contemporary educational landscape, there is a growing 
emphasis on interdisciplinary education. Integrating real - world 
medical cases like stroke into statistical teaching serves multiple 
purposes. Statistics education is a necessary element of education [14]. 
Firstly, it transforms abstract statistical knowledge into a more tangible 
and practical form. Students can better understand how statistical 
methods are applied in real - life scenarios, rather than just learning 
theoretical concepts in isolation. Secondly, it meets the increasing 
demand for compound talents in the medical and statistical fields. 
As the healthcare industry becomes more data - driven, professionals 
who can bridge the gap between medicine and statistics are highly 
sought after. By incorporating stroke - related content into statistical 
teaching, students are exposed to the challenges and opportunities at 
the intersection of these two disciplines.
Teaching Objectives.

Knowledge-level Objectives: Students are expected to achieve 
a comprehensive mastery of basic statistical concepts. Probability, 
which forms the foundation of statistical reasoning, will be explored 
in depth. They will learn about different probability distributions 
and how they apply to various medical phenomena related to stroke. 

Correlation analysis will be taught, enabling students to understand the 
relationships between different risk factors associated with stroke, such 
as the correlation between high blood pressure and the likelihood of 
stroke occurrence. Regression analysis, a fundamental tool in statistical 
modeling, will be a core focus. Students will be introduced to simple 
linear regression, understanding how to model the relationship between 
a single independent variable (e.g., age) and the dependent variable 
(risk of stroke).Students predicted through statistical software analysis 
that hypertension, heart disease, diabetes, dyslipidemia, high salt diet 
and some meat diet, drinking, lack of exercise and homocysteine 
will increase the risk of stroke. Furthermore, they should gain a deep 
understanding of the statistical principles underlying stroke prediction 
models. Logistic regression, which is particularly useful for predicting 
binary outcomes such as the occurrence or non - occurrence of stroke, 
will be explained in detail. Students will learn how to estimate the 
odds ratios and interpret the coefficients in the context of stroke risk 
factors. Survival analysis, which is essential for analyzing time - to - 
event data (such as the time from the onset of certain risk factors to the 
occurrence of a stroke), will also be covered. In the realm of modern 
machine - learning, algorithms like the random forest method will be 
introduced. This method is known for its ability to handle non - linear 
relationships and complex data structures, making it highly suitable for 
stroke prediction where multiple interacting factors are involved.
Skill-level Objectives:

Students will be trained to collect stroke - related data from a diverse 
range of sources. Electronic medical records (EMR) systems are a rich 
source of patient - specific data, including information on medical 
history, symptoms, and diagnostic test results. Students will learn how 
to navigate EMR systems, extract relevant data, and ensure data privacy 
and security. Epidemiological surveys, which provide population - 
level data on stroke prevalence, risk factors, and trends, will also be 
explored. They will understand how to design and conduct surveys, 
as well as how to analyze the data collected. Public databases, such as 
those maintained by health organizations and research institutions, offer 
large - scale, standardized data that can be used for stroke research.

Once the data is collected, students will be taught data cleaning 
techniques. Handling missing values is a common challenge in medical 
data. They will learn methods such as imputation, where missing 
values are estimated based on other available data. Outliers, which 
can distort the results of statistical analysis, will be identified and dealt 
with using appropriate techniques. Inconsistent data formats, such 
as different units of measurement for blood pressure values, will be 
standardized. Real - world stroke datasets will be used for hands - on 
exercises, allowing students to apply these data cleaning techniques in 
a practical setting.

In terms of model building, students will be proficient in using 
statistical software such as R or Python [15-18]. These programming 
languages offer a wide range of libraries and packages for statistical 
analysis. They will learn how to use these tools to build stroke prediction 
models, starting from simple models and gradually progressing to more 
complex ones. Model validation is crucial to ensure the reliability of 
the models. Students will be taught how to use techniques such as 
splitting the data into training and testing sets and using appropriate 
validation metrics. Evaluating model performance is also essential. 
They will learn about metrics such as accuracy, sensitivity, specificity, 
and the area under the receiver operating characteristic curve (AUC). 
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Additionally, students will be able to interpret the results of statistical 
models. This involves understanding what the coefficients, odds ratios, 
and other statistical measures mean in the context of stroke prediction. 
They will also be trained to communicate statistical findings effectively, 
both in written reports and oral presentations [19-21].
Attitude-level Objectives:

The teaching design aims to cultivate students' genuine interest in 
interdisciplinary research. By presenting the real - world application of 
statistics in stroke prediction, students will see the value of combining 
different fields of knowledge. They will be encouraged to explore 
further connections between medicine and statistics and potentially 
pursue research projects at the intersection of these disciplines. 
Developing critical thinking is another important aspect. In the context 
of medical data analysis, students will encounter complex problems and 
conflicting data. They will be taught to question assumptions, evaluate 
the quality of data and models, and make informed decisions. Problem 
- solving abilities will also be nurtured. When faced with challenges 
such as data quality issues or model performance problems, students 
will be guided to develop strategies to overcome these obstacles.
Teaching Content.

Introduction to Stroke: The definition of stroke will be presented 
in detail, differentiating between ischemic stroke, which is caused by 
a blockage in the blood vessels supplying the brain, and hemorrhagic 
stroke, which results from bleeding in the brain. The classification of 
stroke will be explored, including subtypes such as transient ischemic 
attack (TIA), which is often a warning sign of a more serious stroke. 
Epidemiological data on stroke will be shared, such as the global and 
regional prevalence rates, incidence trends over time, and differences 
in stroke occurrence based on factors like age, gender, and ethnicity. 
Risk factors for stroke will be comprehensively discussed. Modifiable 
risk factors, such as high blood pressure, smoking, diabetes, and lack 
of physical activity, will be emphasized, as these are areas where 
preventive measures can be targeted. Non - modifiable risk factors, 
such as age, family history, and genetic predisposition, will also be 
covered. The significance of prediction models in stroke prevention and 
treatment will be illustrated with real - world examples. For instance, 
how a prediction model can help doctors identify patients at high risk 
of stroke and recommend appropriate lifestyle changes or medical 
treatments. This part of the teaching content provides students with a 
solid medical background, which is essential for them to understand the 
subsequent statistical analysis in the context of stroke prediction. By 
learning predictive models, students' clinical decision-making abilities 
can be enhanced.

Data Collection and Preprocessing: Students will be taught in 
- depth about the various sources of stroke - related data. Electronic 
medical records systems vary in their structure and functionality. They 
will learn how to query these systems to extract relevant data fields, such 
as patient demographics, medical history, and laboratory test results. 
For example, when extracting data on patients' cholesterol levels, they 
need to ensure that the data is accurate and complete. Epidemiological 
surveys require careful planning. Students will learn about sampling 
methods, questionnaire design, and data collection procedures. They 
will understand how to select a representative sample of the population 
to ensure the validity of the survey results. Public databases, such as the 
National Health and Nutrition Examination Survey (NHANES) in the 
United States, offer a wealth of data. Students will be guided on how 
to access these databases, search for relevant stroke - related data, and 
download the data for analysis.

Data cleaning techniques will be demonstrated with practical 
examples. When dealing with missing values, students will learn about 
mean imputation, where the missing value is replaced with the mean 
value of the variable. However, they will also be made aware of the 
limitations of this method and alternative techniques such as multiple 

imputation. Outliers can be identified using box plots and scatter plots. 
Once identified, they can be treated by either removing them if they 
are due to data entry errors or transforming the data to reduce their 
impact. Inconsistent data formats can be standardized. For example, if 
some blood pressure values are recorded in mmHg and others in kPa, 
students will learn how to convert all values to a single unit. Hands - 
on exercises using real - world stroke datasets will be an integral part 
of this section. These datasets may be obtained from local hospitals, 
research institutions, or public sources. Students will work through the 
entire data collection and preprocessing pipeline, from retrieving the 
data to cleaning and preparing it for analysis. Demonstrating through 
examples can help students better master statistical skills.

Statistical Modeling: The teaching of statistical models for stroke 
prediction will start with simple linear regression. Students will 
be shown how to formulate a linear regression model to predict a 
continuous outcome related to stroke, such as the severity of stroke 
symptoms. They will learn how to estimate the regression coefficients 
using least - squares method and how to test the significance of these 
coefficients. As the course progresses, more complex models will 
be introduced. Logistic regression, which is widely used in medical 
research for predicting binary outcomes, will be covered in detail. 
Students will learn how to build a logistic regression model to predict 
the probability of stroke occurrence. They will calculate the odds 
ratios for different risk factors and interpret these ratios in terms of 
the increased or decreased risk of stroke. Survival analysis will be 
taught with a focus on understanding the time - to - event nature of 
stroke data. Students will learn about Kaplan - Meier curves, which 
are used to estimate the survival function in the context of stroke, and 
Cox proportional hazards models, which can account for multiple 
covariates when analyzing survival data.

In the machine - learning section, the random forest method will be 
introduced. Students will understand the concept of decision trees, 
which form the basis of the random forest algorithm. They will learn 
how the random forest algorithm combines multiple decision trees to 
improve prediction accuracy and reduce overfitting. The algorithm's 
ability to handle non - linear relationships and complex data structures 
will be demonstrated with examples from stroke data. For instance, 
how it can capture the interaction between multiple risk factors such 
as the combined effect of high blood pressure and diabetes on stroke 
risk. Students will use statistical software to implement these models 
on stroke - related datasets, comparing the performance of different 
models and understanding the advantages and limitations of each.

Model Evaluation and Validation: The evaluation metrics for 
prediction models will be explained in detail. Accuracy, which is 
the proportion of correct predictions (both true positives and true 
negatives) out of the total number of predictions, will be introduced. 
However, students will also be made aware that accuracy may not 
be the most appropriate metric in imbalanced datasets, such as those 
where the number of stroke cases is much smaller than the number 
of non - stroke cases. Sensitivity, which measures the proportion of 
actual positive cases (true positives) correctly predicted by the model, 
is crucial in stroke prediction as it helps in identifying all potential 
stroke patients. Specificity, on the other hand, measures the proportion 
of actual negative cases (true negatives) correctly predicted. The area 
under the receiver operating characteristic curve (AUC) provides a 
comprehensive measure of the model's performance, as it takes into 
account both sensitivity and specificity at different classification 
thresholds.

Techniques for model validation will be demonstrated. Cross - 
validation, such as k - fold cross - validation, will be taught. In k - 
fold cross - validation, the data is divided into k subsets. The model 
is trained k times, each time using k - 1 subsets for training and the 
remaining subset for testing. This process helps to ensure the reliability 
and generalizability of the model. Students will be shown how to 
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implement cross - validation in statistical software and how to interpret 
the results. They will also learn about other validation techniques, such 
as the hold - out method, where a portion of the data is set aside for 
testing while the rest is used for training. By the end of this section, 
students will be able to evaluate the performance of different stroke 
prediction models and select the most appropriate model for a given 
dataset.
Teaching Methods.

Lecture - based Teaching: Lectures will be used as a primary method 
to convey fundamental statistical concepts, model principles, and 
theoretical knowledge. Visual aids such as graphs, charts, and diagrams 
will be extensively used to enhance understanding. For example, 
when explaining probability distributions, visual representations of 
normal, binomial, and Poisson distributions will be shown. Real - 
world examples and case studies will be integrated into the lectures. 
For instance, when teaching about regression analysis, a case study 
on how age and blood pressure are related to the risk of stroke will be 
presented. The lecturer will walk through the entire analysis process, 
from formulating the research question to interpreting the results. Key 
points will be emphasized, and students will be encouraged to ask 
questions during the lecture. Lecture notes will be provided in advance 
to help students follow the content more effectively.

Hands - on Practice: Laboratory sessions will be carefully arranged 
to provide students with ample opportunities to apply statistical 
software to analyze stroke - related data. The software environment 
will be set up in advance, with all the necessary libraries and packages 
installed. In the initial sessions, students will be given step - by - step 
guidance on basic tasks such as data import, data exploration, and 
simple statistical calculations. As they progress, they will be given 
more complex tasks, such as building and validating stroke prediction 
models. During the hands - on practice, instructors will be present to 
provide real - time troubleshooting. If a student encounters an error 
while running a statistical code, the instructor will help identify the 
problem, whether it is a syntax error, a data - related issue, or a problem 
with the model formulation. Students will be encouraged to experiment 
with different parameters and models to gain a deeper understanding of 
how these factors affect the results. Students' statistical and professional 
knowledge have been effectively improved.

Group Discussion: Group discussions will be organized regularly 
to foster collaborative learning. Topics for discussion will be carefully 
selected to encourage critical thinking. For example, when discussing 
the advantages and disadvantages of different prediction models, 
students will be asked to compare the performance of logistic regression 
and the random forest method in terms of accuracy, interpretability, 
and computational complexity. They will be required to support 
their arguments with evidence from their own analysis or from the 
literature. The impact of data quality on model performance will also 
be a key topic. Students will discuss how missing values, outliers, and 
inconsistent data can affect the results of stroke prediction models and 
what strategies can be employed to mitigate these issues. The clinical 
implications of model results will be another area of discussion. For 
instance, if a model predicts a high risk of stroke for a particular 
patient, students will discuss what medical interventions should be 
recommended based on the model output. Each group will be required 
to present their findings and conclusions to the class, promoting further 
discussion and knowledge sharing.peer interactions motivate students 
and expand their perspective [22-23].
Teaching Evaluation.

Formative Evaluation: Formative evaluation will be an ongoing 
process. During hands - on practice, instructors will observe students' 
performance. They will note how students approach data analysis tasks, 
whether they are able to apply the correct statistical methods, and how 
they handle problems that arise. For example, if a student is struggling 

with data cleaning, the instructor can provide immediate feedback and 
guidance. In group discussions, the participation of each student will 
be evaluated. This includes their ability to contribute to the discussion, 
listen to others' opinions, and build on ideas. The quality of students' 
questions and comments during lectures will also be considered as part 
of formative evaluation. Based on this continuous assessment, timely 
feedback will be provided to students. This feedback will not only 
point out areas for improvement but also highlight students' strengths. 
understand their learning interests and needs and manage their projects 
longitudinally [24]. Greatly inspired the students' enthusiasm for 
learning.

Summative Evaluation: Written exams will be administered 
to assess students' theoretical knowledge of statistics and stroke 
prediction models. The exam questions will cover a wide range 
of topics, including statistical concepts, model principles, and the 
interpretation of results. For example, students may be asked to explain 
the difference between simple linear regression and logistic regression 
and when each should be used in stroke prediction. They may also 
be given a dataset and asked to perform a specific statistical analysis 
and interpret the results. In addition to written exams, students will 
be required to submit a project report on building a stroke prediction 
model. The project report will evaluate their data analysis skills, from 
data collection and preprocessing to model building and evaluation. 
It will also assess their model - building capabilities, such as their 
choice of appropriate models and their ability to fine - tune the models. 
Written communication skills will be evaluated based on the clarity 
and organization of the report, as well as the proper use of statistical 
terminology [23-25]. Students have a complete learning experience in 
establishing predictive models.

Conclusion.
The statistical teaching design on building stroke prediction models 

has successfully integrated statistical knowledge with medical 
applications. Through this teaching, students have been able to master 
practical statistical skills and gain valuable insights into the medical 
field. They are better equipped to handle real - world data analysis 
problems in the context of stroke prediction. However, there is room 
for further improvement in future teaching. Incorporating more real - 
time data, such as data from continuous patient monitoring systems, 
can make the teaching more relevant and up to date. Advanced machine 
- learning algorithms, such as deep neural networks, which have 
shown promise in medical data analysis, can be introduced to expand 
students' knowledge and skills. Multi - center collaborative research, 
where students from different institutions work together on stroke - 
related projects, can also enhance the learning experience by exposing 
students to diverse datasets and research perspectives. Students will 
master the predictive efficacy of modern machine learning algorithms, 
including Logistic Regression, Decision Tree, Random Forest, Extreme 
Gradient Boosting, and K-Nearest Neighbors, for stroke prediction. 
They will also conduct a comparative analysis to identify the optimal 
predictive method. We present key learnings designed to assist others 
in successfully integrating R into education [26].
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