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academic achievements during studies are significant predictors of success
in the licensing KROK-2 exam, which assesses professional competencies.
However, the war in Ukraine has introduced substantial challenges to the
educational environment, particularly in medical education, disrupting
teaching and learning processes.

The aim of this study was to analyze the success of foreign medical
students in the KROK-2 exam as a means of improving the effectiveness of
the educational process in universities.

Materials and Methods. The study analyzed the academic performance
of 6th-year foreign medical students specializing in "Medicine” during
the 2023 and 2024 academic years. The subtest results for "Hygiene and
Health Care Organization” in KROK-2 were compared with academic
marks in the discipline "Hygiene and Ecology.”

Results and Discussion. The analysis revealed significant changes
in the distribution of grades between 2023 and 2024. The proportion of
students achieving higher grades ("B” and "C") increased, while those
with lower grades ("D” and "E”) decreased. In 2024, a greater number of
students took the KROK-2 exam (252 compared to 112 in 2023). Despite
this, the average scores in 2024 were generally lower than in 2023, indicating
potential challenges in adapting to wartime conditions. Statistical analysis
showed a positive correlation between KROK-2 results and both discipline
scores and everyday control assessments. The correlation strength was
higher in 2024, suggesting that current academic performance and regular
assessment more effectively predicted exam success compared to 2023.

Conclusions. There is a positive trend in student performance, with
an increase in higher ECTS grades (“A,” “B,” and “C”) and a decrease
in lower grades (“D” and “E”) in 2024. While the number of students
taking the KROK-2 exam increased in 2024, the average scores decreased,
indicating a need for further investigation into influencing factors. Efforts
should focus on enhancing the preparation of students with lower grades
(“C,” “D,” and “E”) to improve overall educational outcomes.

Keywords: medical education, foreign students, education
optimization, Learning strategies, student motivation.
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1. Introduction

Current academic performance of medical students plays an
important role in their preparation for final exams. High academic
performance during studies is an important predictor of success in the
final exam. Many authors confirm this finding, noting that students with
higher academic performance are usually better prepared for exams
[1, 2]. Scientists from around the world analyze different strategies for
preparing for exams, pointing out the importance of regular study and
current academic performance, emphasizing that students with high
academic performance have a higher chance of success in final exams [1,
3]. Rebecca Morris with co-authors point out the importance of systematic
study throughout the course to achieve high results in final exams [4].

Over the past decade, Ukraine has confidently established itself as a
leading center for obtaining medical education by foreign students. The
constant increase in the number of foreign applicants to higher medical
education institutions (HMEI) testified to a high level of trust in the
Ukrainian educational system and its competitiveness in the international
market of educational services [5].

However, the military aggression by the Russian Federation, which
began in 2022, has caused significant challenges for the Ukrainian
educational environment, particularly in the field of medical education.

In the conditions of war, the Ukrainian HMEI was faced with the
task not only of maintaining the education level for foreign students, but
also of ensuring its competitiveness in the future. The satisfaction of the
customer countries with the results of their citizens” education is one of
the key factors in the attractiveness of Ukrainian HMEI [6]. Of particular
importance is the level of graduates” mastery of professional competencies
that are crucial for their further activities. The discipline “Hygiene and
Ecology” plays an important role in this, which forms in future doctors
the knowledge and skills necessary to confirm their high professionalism.
It is important for future doctors to understand that preventing diseases
is much more effective and economically feasible than treating them.
According to the World Health Organization, a significant percentage of
diseases are associated with non-compliance with the rules of personal
and social prevention, as well as the influence of environmental factors [7].

The transition to remote studying has also created difficulties in
providing practical training, which is critically important for medical
students [8, 13]. In particular, this applies to preparation for the integrated
licensing exam KROK-2, which assesses the professional competence of
graduates and is a mandatory component of state certification [9, 14, 15].
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It is also worth noting that students' motivation to learn is a decisive
factor that affects the quality of knowledge acquisition and the formation
of necessary skills. It determines the student's ability to overcome
difficulties and effectively use their own resources to achieve educational
goals [10]. It has been proven that motivation to learn can change under
the influence of various factors, including learning conditions, the
organization of the educational process and the characteristics of teaching
[11, 12, 17]. Understanding these factors allows teachers to influence them
to form positive motivation, especially among foreign students who face
additional difficulties in adapting to a new educational environment.

Analysis of current student performance is an important tool for
assessing the effectiveness of training and preparation for the KROK-2
exam. This is especially relevant in the context of teaching disciplines that
form basic professional competencies, such as “Hygiene and Ecology”. In
modern conditions, research on student performance allows us to identify
factors that affect the quality of education and develop recommendations
for optimizing the educational process.

This article is aimed at analyzing the current performance of
medical students as a key element of their preparation for the final exam
using the example of the discipline “Hygiene and Ecology”, which is
especially important in the context of a changed educational environment
due to the war.

The purpose of the study was to analyze the success of taking the KROK-
2 exam by foreign students as a tool for improving the studying efficiency
at universities.

2. Materials and Methods

The results of the 6th-year foreign students' “Medicine” specialty
testing (Hygiene & Health Care Organization subtest scores), conducted
on 6 June 2023 and 21 May 2024, along with their academic marks in the
discipline Hygiene and Ecology, were analyzed.

Statistical analysis of the obtained results was performed using licensed
software MedStat v.5.2 (Copyright © 2003-2019) and Microsoft® Excel®
for Microsoft 365 MSO (Version 2305 Build 12.0.6425.1000, 2007) (License
Identifier: CWW_0071e48a-250c-4bdb-9013-b8daf357b5e9_b5685e92-
c95d-4399-9b83-449d76a26fb6_79f3b2da2f9%adcda29). Additionally, the
interactive programming environment Jupyter Notebook was utilized for
executing Python code and visualizing results. For data processing and
analysis, the following Python libraries were employed: Pandas, NumPy,
SciPy, Scikit-learn, Matplotlib, and Seaborn.
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The normality of the distribution in the study groups was assessed
using the D'Agostino-Pearson test (for group sizes n>30) and the Shapiro-
Wilk test (for group sizes n < 30). In most cases, a normal distribution
was established (p > 0.05). Since the results obtained over two years were
compared, paired comparisons were utilized. Groups with a normal
distribution were analyzed using a parametric test (Student's t-test), while
groups with a distribution differing from normal were analyzed using a
non-parametric test (Wilcoxon’s W-criterion (Mann-Whitney U test)).

During the study, the following statistical analyses were performed:
calculation of the mean (median), standard deviation, standard error of
the mean (median), 95% confidence interval, proportion, and assessment
of group independence (X2 test). Statistical force was set at 80% with a
significant level of 0.05.

3. Results and Discussion

The students were divided into five groups based on their grades in
the discipline "Hygiene and Ecology" according to the ECTS scale (Table
1). It was established that academic performance in 2024 was significantly
different from that of the 2023 cohort (x? test = 41.82; p < 0.001).

A significant decrease is observed in the “E” grade category, dropping
from 38.4% in 2023 to 12.7% in 2024. This indicates a reduction in the
number of students just barely meeting the minimum requirements. The
percentage of students receiving a “D” grade decreased from 26.8% in 2023
to 21.0% in 2024, which might suggest a shift towards higher performance
levels. The “C” grade category saw a substantial increase from 22.3% in
2023 to 37.3% in 2024, indicating that more students are performing at a
satisfactory level. There was a significant increase in the percentage of
students scoring a “B” grade, jumping from 7.1% in 2023 to 22.6% in 2024.
This suggests a notable improvement in the number of students achieving
above-average results. The percentage of students achieving an “A” grade
slightly increased from 5.4% in 2023 to 6.3% in 2024, indicating a minor
improvement in top performance.

The change in grade distribution suggests an improvement in
students' academic performance in 2024. This is evidenced by several
facts, including a significant decrease in the proportion of students with
lower grades (“E”) and a notable increase in the proportion of students
with higher grades (“B” and “C”).

These changes may be attributed to improved learning conditions
(adaptation to wartime circumstances, shorter power outages, and
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Table 1. Distribution of Students by ECTS Grades in the Discipline
“Hygiene and Ecology” for 2023 and 2024 (%).

Score in points Score on a national scale ECTS scale 2024 (%) 2023 (%)
170-200 Perfectly A 6.3 5.4
155-169 B 22.6 7.1

Fine
140-155 C 37.3 22.3
125-139 D 21 26.8
Satisfactorily
111-124 E 12.7 38.4
60-110 FX - -
Unsatisfactorily
1-59 F - -

periodic stabilization of the energy system), which allowed students to
better prepare for practical classes. It should also be noted that the number
of students taking the KROK-2 exam increased significantly — 252 out of
390 in 2024 compared to 112 out of 440 in 2023 (x? test = 64.57; p < 0.001).
The results of the KROK-2 subtest “Hygiene & Health Care
Organization” were analyzed, including their mean values (medians),
confidence intervals, and comparisons within groups for a single academic
year and across groups of the same ECTS cohort between years (Table 2).

Table 2. Comparison of KROK-2 Results for the Discipline “Hygiene
and Ecology” in 2023 and 2024 by ECTS Grades.

Discipline ECTSgrade | "A" | " | "¢ | "o | "E* | ALL*
2024
Number of students: 16 57 94 53 32 252
Meansstandard error of | o 531 | go5i13 | 622413 | 565617 | 516531 | 61.1£09
the mean
95% confidence interval | 64.9-78.2 | 63.9-69.1 | 59.7-64.8 | 53-60 | 45.2-57.9 | 59.2-62.3
2023
Number of students: 6 8 25 30 43 112
Meansstandard error of | /)55 | 79034 | 731421 | 754625 | 674419 | 72,0412
the mean

95% confidence interval | 68.1-80.1 | 71.1-87.3 | 68.8-77.4 | 70.3-80.5 | 63.5-71.4 | 69.7-74.4

Note: «*» — distribution differing from normal for «E»(2023) median + standard error of the
median =66.7+2.7 (95% CI 66.7-72.2); «ALL» (2023) = 72.2+1.5 (95% CI 66.7-77.8); «E»(2024)
=50.0+4.0 (95% CI 44,4-61,1); «ALL» (2024) = 61.11.1 (95% CI 55.6-66.7)
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Table shows that the total number of students increased from 112 in
2023 to 252 in 2024. The overall mean score decreased from 72.0 in 2023
to 61.1 in 2024. However, the 95% confidence interval narrowed slightly,
indicating a slight improvement in overall consistency of performance
across all grades. This comprehensive analysis highlights both the changes
in student numbers and performance between 2023 and 2024, showing a
general trend of increased participation but lower average scores with
varying levels of consistency across different grades.

The number of students achieving a grade “A” increased from 6 in 2023
to 16 in 2024. However, the mean score slightly decreased from 74.1 in 2023
to 71.5 in 2024. There was a significant increase in the number of students
receiving a grade “B”, rising from 8 in 2023 to 57 in 2024. Despite this increase,
the mean score for this group decreased significantly from 79.2 in 2023 to 66.5
in 2024. The number of students achieving a grade “C” rose from 25 in 2023
to 94 in 2024. The mean score for this grade decreased from 73.1 in 2023 to
62.2 in 2024. The 95% confidence intervals for all above mentioned grades
are narrowed, indicating improved consistency in scores. For grade “D”, the
number of students decreased from 30 in 2023 to 53 in 2024. The mean score
dropped from 75.4 in 2023 to 56.5 in 2024. The number of students achieving
a grade “E” decreased from 43 in 2023 to 32 in 2024. The mean score also
fell from 67.4 in 2023 to 51.6 in 2024. The 95% confidence interval widened,
suggesting greater variability in scores for this grade.

In 2023, no statistically significant differences were observed between
most groups (p = 0.130-0.760), except for the “B” & “E” and “D” & “E”
groups (p = 0.016 and 0.023, respectively). In contrast, in 2024, statistically
significant differences were observed between most groups (p < 0.001-
0.035), except for “A” & “B” and “D” & “E” groups (p = 0.120 and 0.230,
respectively). Overall, in 2024, a decline in the overall KROK-2 results
compared to 2023 was observed (p < 0.001) (Table 3). The largest decline
wasnoted inthe “B”, “C”, and “D” groups. The “E” group also experienced
a decrease in mean scores, which may be explained by the influence of
external factors (such as learning under wartime conditions and the long-
term effects of the pandemic) that negatively affected student outcomes.

For the next academic year, efforts should focus on improving the
preparation of students in the “C”, “D”, and “E” ECTS groups for KROK-
2. The results of students with an “A” grade remained stable between 2023
and 2024 (p = 0.523). This stability may indicate that high-performing
students remain equally prepared regardless of external factors, likely
due to their strong personal motivation and preparation, which mitigate
the effects of changes in learning conditions.
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Table 3. Statistical Analysis of KROK-2 Results for 2023 and 2024 by
ECTS Grades.

Discipline ECTS grade All | "A" | "B" | "c" | "D" | "E"
STEP-2 results STEP-2 (2024)
g <0.0011*
"D
< STEP-2
e (2023)
A
All <0.0011*
Statistical significance (p -value)

Notes: “1” — comparison conducted using Student's t-test; “2” — comparison conducted

%07

using Wilcoxon’s W-criterion; ”*” — indicates a statistically significant difference.

To prevent unsatisfactory results among students in the KROK-
2 licensing exam, an analysis was conducted to identify correlations
between KROK-2 results and discipline scores as well as everyday current
control scores. Inboth 2023 and 2024, a positive correlation was established
between these variables and KROK-2 performance (Table 4, Figures 1-4).

Table 4. Correlation Between KROK-2 Results and Discipline Scores
as Well as Everyday Current Control Scores in 2023 and 2024.

Parameter Correlation 1 Coefficient of
®) p-value determination
discipline score 0.423 <0.001 0.179
2024
0 everyday current control 0472 <0.001 0.223
score
KROK-2 —
discipline score 0.252 0.007 0.064
2023
everyday current control 0.325 <0.001 0106
score

There is a moderate positive correlation (R = 0.423) between KROK-
2 results and discipline scores in 2024. The p-value indicates that this
correlation is statistically significant (p < 0.001). The coefficient of
determination (R?) of 0.179 suggests that approximately 17.9% of the
variance in KROK-2 results can be explained by discipline scores.

11
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There is a moderate to strong positive correlation (R = 0.472) between
KROK-2 results and everyday current control scores in 2024. The p-value
shows this correlation is statistically significant (p < 0.001). The R? of
0.223 indicates that about 22.3% of the variance in KROK-2 results can be
explained by everyday current control scores.

In 2023, the correlation between KROK-2 results and discipline scores
is weak (R = 0.252) but also statistically significant (p = 0.007). The R? of
0.064 suggests that only 6.4% of the variance in KROK-2 results can be
explained by discipline scores. The correlation between KROK-2 results
and everyday current control scores is weak (R = 0.325) but statistically
significant (p < 0.001). The R? of 0.106 indicates that about 10.6% of
the variance in KROK-2 results can be explained by everyday current
control scores.

These findings suggest that, in 2024, everyday current control scores
better explained the variations in KROK-2 results.
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Figure 1. Correlation between discipline scores and STEP-2 results in
2024 (1A) and in 2023 (1B) and correlation between everyday current
control scores and STEP-2 results in 2024 (2A) and in 2023 (2B).
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4. Conclusions

1. Theoverall trend from 2023 to 2024 indicates a positive shiftin student
performance, with increases in higher ECTS grades (“A”, “B”, and “C”)
and a decrease in lower grades (“D” and “E”). This improvement might
be attributed to numerous factors such as changes in teaching methods,
increased student engagement, or better preparation for the exams.

2. There has been a noticeable increase in the number of students in
2024 compared to 2023 (112) across all ECTS grades. However, the mean
scores in 2024 (in general 61.1 = 0.9) are generally lower than those in
2023 (in general 72.0 + 1.2) for each grade, indicating a slight decline in
average performance. The confidence intervals suggest that while the
overall consistency in performance has improved slightly, there is more
variability within certain grades (notably “D” and “E”) in 2024. This could
be due to a variety of factors, such as changes in exam difficulty, student
preparedness, or other external factors affecting performance. Further
analysis would be needed to identify the specific causes.

3. The statistical analysis highlights that while the performance
at the highest grade (“A”) remained consistent (p= 0.5232), there were
significant changes in performance for grades “B”, “C”, “D” (p<0.0012),
and “E” (p<0.0011) The overall student performance also saw significant
differences between 2023 and 2024 (p<0.0011). This could be indicative
of various factors influencing student outcomes, such as changes in
curriculum, teaching methods, or student engagement.

4. In both years, there are statistically significant correlations between
KROK-2 results and both discipline scores (p<0.001) and everyday current
control scores. However, the strength of these correlations (R) is higher
in 2024 (0.423-0.427) compared to 2023 (0.252-0.325). This suggests that
in 2024, both discipline scores and everyday current control scores were
better predictors of KROK-2 results compared to 2023.
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Abstracts

AHAPIV BOPMICEHKO, AHHA AHTOHEHKO, MKO/A
KOHAPATIOK, BACIMAb BAPAOB, OKCAHA ITAPObOHOBA.

Poap moTouHOI aKageMidHOI yCHIITHOCTi CTyaeHTiB-Meau-

KiB y Iiarorosili 4o ¢iHaabHOrO icnmTy: 40CBiA BUMKAajaH-

s aucnunaiay "Tiriema ta ekoaorisa". [lomouna axademiumna

YCeniunicmo 610i2pae 6axAUSY POAb Y nid20mosui cmydeHmis-meduxie

do gpinarvrux icnumie. Bucoki docszienns nid uac HAGUAHHIA € 6AKAU-

suM npeduxmopom ycnixy na Aiyensivinomy icnumi KPOK-2, axuii

ouintoe npodeciiini xomnemenyii. Ipome eitina ¢ Yxpaini cmeopuia

SHAYHT UKAUKYU DAL 0CEIMHDO20 cepedosullya, 30Kpema y chepi meduu-

HOT 0C6IM U, NOPYULYI0UU NPOLECU HAGUAHHS MA 6UKAAOAHHA.

Mema 1v020 00cAidKerHS NOAAAAA 6 AHAAISL YCHIULHOCHTT CKAADAHHS

icnumy KPOK-2 inosemHuMu cnmyoeHmamu-meouxamu ax 3acooy niosu-

WeHHs eeKmueHOCI 0C6IMHb020 NPolecy 6 YHIepcumemax.

Mamepiaru ma memoodu. Y 0ocridxerii npoanarizosano axade-

Miuiy yeniwnicms cmydenmis 6-20 kypcy cneyiarvrocmi “Meduuna”

6 2023 i 2024 nasuarvHux pokax. Pesyavmamu cyomecmy "liziena ma

opearisayis oxoporiu 300pos’s” y ckaadi KPOK-2 nopistiosarucs 3 ouyin-

Kamu 3 ducyuniinu "Tiziena ma exorozia”.
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Pesyrvmamu ma 06z060penns. AHAAI3 6UAGUE CYMIMEGT IMIHU Y
po3nodiai oyinox mix 2023 i 2024 poxamu. Yacmxa cmydeHmis 3 6UuLu-
mu oyinkamu ("B” i "C") spocaa, modi Ak KiAvKichib cnmyodenmie i3 Hux-
yumu oyinkamu ("D” i "E”) smerwmuraca. Y 2024 poui snaumo spocaa
Kirvkicmo cmydenmis, ki ckaadaru KPOK-2 (252 npomu 112 y 2023
poui). Boonouac cepedni 6aru y 2024 poui 6yAu 3a2aA0M HUKUUMLU, 140
c6iduumb 1po nomeH il mpyoHoui 6 A0anmaii do Ymos 60€HH020 HACY.
Cmamucmudnuil aHaAis n0KA3A6 NOSUMUGHY KOPEASiI0 MIX pesyrbma-
mamu KPOK-2, oyinkamu 3 OUCUUNATHU Ma NOMOUHUMU KOHMPOALHU-
Mu sagdanramu. ¥V 2024 poui cura KopeAsiuii 0yAa 6ui4010, w0 c610UUmMo
npo 0iAbULY ePeKmUEHICID NOMOUHOT AKAdeMIUHOT YCniutHocmi K npe-
ouxmopa ycnixy 6 icnumi.

Bucnosxu. Cnocmepizaemocs nosumuena meroenuis 6 YycniuiHocmi
cmydenmis i3 spocmannam uacmkuy sunux oyivox ("A,” "B,” "C") ma
smerutertnam uacmxu nuxuux ("D i "E”) y 2024 poui. Hessaxatouu 1a
30iAvuien s Kiavkocmi cmydenmis, siki cxaadaru KPOK-2, cepedniii 6ar
y 2024 poui sHusuecs, wo eumazae 000amK06020 AHANISY 6NAUCOGUX PaK-
mopis. Cuavra kopeasyis mix pesyromamamu KPOK-2 ma nomourumu
OUTHKAMU NIOKPECAIOE 6AKAUGICHIL PeYASPHO20 HABUAMHHS MaA KOHMp-
oA10. 3YycuArs matomv Oymu CnpAMO6ani Ha noKpaujeHis nidzomosku
E”) 0As nidsutuerns 3a-

" on ”on

cmydenmic i3 Huxuumu oyinxamu (“C,” "D,
2AABHUX Pe3YALIANIe HABUAHSL.

Karouo6i caoea: meduuna océima, iHoseMHi cmydenmu, onmumisa-
1is oceimu, cmpamezii HAGUAHHS, MOMUBAYIS CTTYOeHINIE.

ANDRII BORYSENKO, ANNA ANTONENKO, MYKOLA
KONDRATIUK, VASYL BARDOV, OKSANA PARFIONOVA.
Rola biezacych wynikéw akademickich studentéw medycyny
w przygotowaniach do egzaminu koncowego: doswiadczenie
W nauczaniu przedmiotu "Higiena i Ekologia". Bieigce wyniki
akademickie odgrywajq istotnq role w przygotowaniu studentow medycyny
do egzaminéw koricowych. Wysokie osiqgniecia w trakcie nauki sq waznym
predyktorem sukcesu na egzaminie licencyjnym KROK-2, ktéry ocenia
kompetencje zawodowe. Jednak wojna w Ukrainie przyniosta znaczqce
wyzwania dla Srodowiska edukacyjnego, zwlaszcza w zakresie edukacji
medycznej, zakldcajqc procesy nauczania i uczenia sie.

Celem badania byla analiza wynikow egzaminu KROK-2 wsréd
studentow zagranicznych jako narzedzia do poprawy efektywnosci procesu
edukacyjnego na uniwersytetach.
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Materiaty i metody. W badaniu przeanalizowano wyniki akademickie
studentow 6. roku kierunku "Medycyna” w latach akademickich 2023-2024.
Wyniki subtestu ,,Higiena i organizacja ochrony zdrowia” w egzaminie
KROK-2 poréwnano z ocenami z przedmiotu ,,Higiena i ekologia”.

Wyniki i oméwienie. Analiza wykazata istotne zmiany w rozktadzie
ocen miedzy rokiem 2023 a 2024. Wzrosta liczba studentow osiggajacych
wyzsze oceny (,B” i ,C”), podczas gdy liczba studentéw z niZszymi
ocenami (,D” i ,E”) spadta. W 2024 roku znacznie wzrosta liczba
studentow przystepujgcych do egzaminu KROK-2 (252 w pordwnaniu do
112 w 2023 roku). Jednoczesnie Srednie wyniki w 2024 roku byly ogdlnie
nizsze niz w 2023 roku, co wskazuje na potencjalne trudnosci w adaptacji
do warunkéw wojennych. Analiza statystyczna wykazata pozytywng
korelacje miedzy wynikami KROK-2, ocenami z przedmiotu oraz biezacymi
kontrolami wiedzy. W 2024 roku sifa korelacji byta wyzsza, co sugeruje
wigkszq skutecznosé biezqacych wynikéw akademickich jako predyktora
sukcesu na egzaminie.

Whioski. Obserwuje si¢ pozytywnq tendencje w wynikach studentéw
ze wzrostem liczby wyzszych ocen (,A,” ,B,” ,C”) i spadkiem liczby
nizszych (,D” i ,E”) w 2024 roku. Pomimo wzrostu liczby studentéw
przystepujacych do egzaminu KROK-2, srednia ocen w 2024 roku byta
nizsza, co wymaga dalszej analizy czynnikéw wptywajacych na ten
wynik. Silna korelacja migdzy wynikami KROK-2 a biezqcymi wynikami
akademickimi podkresla znaczenie regularnej nauki i kontroli. Nalezy
skoncentrowaé dziatania na wsparciu przygotowania studentéw z nizszymi
ocenami (,C,” ,D,” ,,E”) w celu poprawy ogdlnych wynikéw ksztatcenia.

Stowa kluczowe: edukacja medyczna, studenci zagraniczni,
optymalizacja edukacji, strategie nauki, motywacja studentéw.
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