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Abstract
Background Ukraine’s higher medical education goes deeper and deeper every year in the European integration 
processes in the field of «Health Care» knowledge. Since 2005, the integrated license integrated exam STEP “General 
medical training” has been introduced in the country to diagnose the quality of training of specialists in all medical 
specialties. Since 2019, Ukraine, unlike other countries in Europe and the world, has been training specialists in the 
specialty “Pediatrics” at the stage of undergraduate training. The quality control of the training of specialists is carried 
out in the form of passing the Unified State Qualification Exam STEP (USQE STEP) separately for each medical specialty 
(Medicine and Pediatrics). Therefore, the purpose of our research is to conduct a comparative analysis of the results of 
the success of the first stage of the USQE STEP-1 by students of higher medical education in the specialty “Pediatrics” 
with the specialty “Medicine” in Ukraine and in the Bogomolets National Medical University (Bogomolets NMU).

Methods Analytical references to the results of the first stage of the USQE STEP-1 for the students who have 
completed theoretical medical disciplines specialty “Pediatrics” and the specialty “Medicine” in Ukraine and 
Bogomolets NMU, which are provided by the Testing Center at the Ministry of Health of Ukraine. Тhe statistical 
significance of comparative indicators was proved using Fisher’s test, with a statistical error that corresponded to the 
specified value for ≤ 0.05.

Results It is shown that in 2022, applicants of higher medical education of Ukraine with the specialty “Pediatrics” 
improved the overall success rate by 8.4%, and the success rate of subtests by an average of 10.5%, despite the state 
of war in Ukraine. The exception was the results of the licensing exam for the subtest component “Biochemistry”: 
compared to 2021, the pass rate decreased by 3.6% in the specialty “Medicine” and by 6.4% in the specialty “Pediatrics”. 
At Bogomolets NMU, the leaders of 2022 were the students of the “Pediatrics” specialty, their success rate is 2% higher 
than that of the “Medicine” specialty.

Conclusions The analysis of the results of USQE STEP-1 by applicants of higher medical education of the specialties 
“Pediatrics” and “Medicine” in Ukraine showed the effectiveness of the selection of the specialty “Pediatrics” into 
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Introduction
The quality of training of specialists of high professional 
level in the field of medicine directly depends on the 
objective assessment of their skills to use the acquired 
knowledge in the process of obtaining the university 
degree. The world practice of using the state standard-
ized system of external assessment of the professional 
competence of professionals in the field of healthcare has 
been proving its effectiveness for many decades. Such 
systems of testing are introduced in the USA (The United 
States Medical Licensing Exam (USMLE) [1]. All gradu-
ates of medical schools in India pass the Foreign Medi-
cal Graduate Examination (FMGE) conducted by the 
National Board of Examination (NBE); the procedure and 
the result of the examination are supervised by the Medi-
cal Council of India (MCI), which is now known as the 
National Medical Commission (NMC) [2]. In the UK, the 
General Medical Council (GMC) conducts state licensing 
exams for future doctors, consisting of professional and 
linguistic parts, testing for specialists who graduated in 
other countries (Professional and Linguistic Assessments 
Board - PLAB) is also introduced, thus confirming the 
level of qualification of doctors [3]. Graduates of medical 
institutions of the EU countries pass such exams as CMC 
MCQ and clinical exam CMC (country medical council) 
[4, 5]. Any of these systems is based on Multiple Choice 
Question with one correct answer [6, 7].

The methodological basis of the technology of test 
examinations in Ukraine is the state standards of higher 
education, the requirements for which are determined 
by the Resolution of the Cabinet of Ministers of Ukraine 
dated from August 7, 1998 № 1247 “About the develop-
ment of state standards of higher education,” which are 
consistent with the international standards ISO and EC 
and Standards for Educational and Psychological Test-
ing [8]. A system similar to USMLE was introduced in 
Ukraine in 2003 - the Krok (eng. - Step) licensing exam 
for the specialty “Medicine,” since 2005 there has been a 
distribution of licensing exams for the specialties “Phar-
macy” and “Dentistry” [8, 9]. The World and European 
Medical School trains specialists in medical, dental 
specialties, special attention is paid to applicants in the 
specialty “Pharmacy”. “Pediatrics” is only a section of 
the specialty “Medicine,” despite the fact that specialists 
study separately a number of disciplines with the charac-
teristics of children’s development, including obstetrics 
and gynecology [10, 11].

Since 2019, the Ministry of Health of Ukraine has been 
amended to conduct the KROK licensing exam in the 
form of the Unified State Qualification Exam (USQE) 
for applicants for higher education of the second level 
“Master” of the field of knowledge “Healthcare,” separat-
ing specialty “Pediatrics.” The components and stages of 
the Unified State Examination are defined in the Resolu-
tion of the Cabinet of Ministers dated from March 28, 
2018 № 334 “About the Approval of the Procedure for 
the Implementation of the Unified State Examination for 
Applicants of the Second-Level Higher Education Degree 
“Master” in the specialties of the field of knowledge 
“Health Care” [12]. So, according to the adopted changes, 
the first stage takes place in the third year of study of 
applicants for higher education and involves passing the 
integrated test exam STEP-1 and the exam in English of 
a professional direction. The purpose of the first stage is 
to evaluate the ability to use knowledge and understand-
ing of key concepts of fundamental biomedical sciences, 
such as biology (6–8% of test tasks of the total), normal 
anatomy (9–11%), histology (4–6%), normal physiology 
(13–17%), biological chemistry (13–17%), pathological 
physiology (13–17%) pathological anatomy (10–14%), 
microbiology (7–9%) [8]. It is important to note that in 
the USMLE licensing exam system the content of test 
assignments in Biological Chemistry is up to 24% of the 
total, in the MCI system - up to 16%, in Europe and the 
UK - up to 14%. This percentage makes it possible to pay 
attention to the principles and mechanisms underlying 
the preservation of health, the identification of the dis-
ease and models of its treatment. Mastering of these fun-
damental disciplines by applicants involves the formation 
in future specialists the understanding of the basics of the 
functioning of the human body in normal conditions and 
under pathological changes, which is extremely impor-
tant for the implementation of knowledge and skills dur-
ing professional activity, the competencies of which are 
checked at the stage of passing the second stage of the 
USQE. The second stage consists of an integrated STEP-2 
exam and a clinical exam, the purpose of which is to 
assess the level of professional competence of applicants 
in professionally oriented (clinical) disciplines. Thus, 
applicants for higher medical education of all specialties 
will be assessed according to uniform requirements and 
they must correspond to a high level of competence.

It should be noted that in European countries the spe-
cialization “Pediatrics” is prestigious, although it is not 

a separate section of the training of specialists at the undergraduate level in the field of “Health Care”. Using the 
methods of mathematical statistics, the effectiveness of organizational methodological techniques in the organization 
of the educational process in the conditions of the martial law of Ukraine and Bogomolets NMU as a leader in the 
training of specialists in Pediatric doctors has been proved.
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separated in the system of medical education as an indi-
vidual specialty. The peculiarity of training specialists in 
the specialty “Pediatrics” abroad is postgraduate educa-
tion, that is, after graduating from the Faculty of General 
Medicine, the residency in pediatrics continues for five 
years, during which children’s cardiology, cardiac surgery, 
neurosurgery, allergology, surgery, etc. are the most pop-
ular in European countries [13, 14]. In Ukraine the train-
ing of pediatricians takes place at the pre-diploma stage, 
and the internship in pediatrics lasts for 2 years. The edu-
cational and professional training program for specialists 
in the specialty “Pediatrics” consists of basic and optional 
components, unlike the specialty “Medicine”, each com-
ponent includes topics and questions devoted to the 
peculiarities of childhood and development (see Supple-
mentary materials, S2-3). Therefore, the special profes-
sional competencies of a pediatrician are formed during 
the entire training cycle and can be tested at the interme-
diate level of quality control of higher medical education 
as USQE STEP-1 specialty “Pediatrics”. This is a signifi-
cant difference in the form of training of specialists in 
specialty “Pediatrics,” in which Ukraine has an advantage.

The purpose of the study to conduct a comparative anal-
ysis of the results of the first stage of the USQE STEP-1 by 
students of higher medical educational institutions spe-
cializing in “Pediatrics” in Ukraine during 2019–2022 as 
a national indicator of the success of the selection of the 
specialty “Pediatrics” into a separate section of training 
specialists at the undergraduate level in the field of health 
care health. To compare the obtained success results with 
the same ones for the “Medicine” specialty to understand 
the quality of the work of higher medical education insti-
tutions in Ukraine. Separately to conduct a compara-
tive analysis of the results of the first stage of the USQE 
STEP-1 by students at the Bogomolets National Medical 
University a Medical School that trains most of the pedi-
atric doctors of Ukraine.

Materials and methods
Basic disciplines in Ukraine are studied by students of 
higher medical educational institutions in the specialty 
“Medicine” and specialty “Pediatrics” during the first 
three years of study. Their list and load in ECTS credits 
are the same for both specialties. Regarding the specif-
ics of the content of the disciplines of the “Pediatrics” 
specialty, it is indicated above. Therefore, an intermedi-
ate evaluation of the level of training of specialists can 
be done based on the results of USQE STEP-1. The first 
stage of the exam is taken by students after the successful 
completion of the 6th semester of study, that is, both men 
and women of the same age category. At the beginning 
of the exam, 4,509 applicants for the specialty “Medi-
cine” were registered, of which 843 were applicants from 

Bogomolets NMU, and 222 applicants for the specialty 
“Pediatrics”, of which 126 were applicants from Bogomo-
lets NMU. More detailed information about the demo-
graphic composition of test participants can be obtained 
from the State Non-Profit Enterprise Testing Board for 
Professional Competence Assessment of Higher Educa-
tion Trainees in Medicine and Pharmacy at the Ministry 
of Public Health of Ukraine (Testing Center) [8].

The research materials are the analytical references to 
the results of exams provided by the State Non-Profit 
Enterprise Testing Board for Professional Competence 
Assessment of Higher Education Trainees in Medi-
cine and Pharmacy at the Ministry of Public Health of 
Ukraine [8] for the specialties “Medicine” and “Pediat-
rics” in Ukraine and Bogomolets NMU.

In the course of the analysis, the following were calcu-
lated: arithmetic mean indicators of the results of the first 
stage of the USQE STEP-1 in Ukraine and Bogomolets 
NMU by both national indicator and subtests; correla-
tion coefficient between average arithmetic indicators of 
the results of the first stage of the USQE STEP-1 Bogo-
molets NMU and the all-Ukrainian indicator for special-
ties “Medicine” and “Pediatrics”; correlation coefficient 
between the indicators of success of the first stage of 
the USQE STEP-1 according to the subtest “Biological 
Chemistry” of Bogomolets NMU and specialties “Medi-
cine” and “Pediatrics.”

Statistical significance of comparative indicators is 
proved using Fisher’s F-test [15–17] with a statistical 
error that corresponded to a given value for ≤ 0,05. This 
made it possible to determine the level of reliability of 
the compared indicators in the period from 2019 to 2022 
and their dependence on the factors of the educational 
process.

Results
Analysis of the results of the USQE STEP-1 in Ukraine by 
applicants for higher medical education (HME) specialty 
“Pediatrics” in 2022
In Ukraine there are only 6 institutions of higher educa-
tion (IHEs) that train specialists in the specialty “Pediat-
rics”: Vinnytsia National Medical University (VNMU), 
Ivano-Frankivsk National Medical University (IFNMU), 
Lviv National Medical University (LNMU), Bogomo-
lets National Medical University (Bogomolets NMU), 
Kharkiv National Medical University (KNMU), Sumy 
State University (SSU). For the first stage of the USQE in 
2022, according to the data of the institutions of higher 
education, 236 applicants were registered, 222 applicants 
have passed the USQE, 150 of them are the applicants for 
budgetary (67.6%) and 72 are the applicants (32.4%) for 
contractual forms of education. The criterion of success 
“passed” was set at the level of 62.0% [8]. The contingent 
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of applicants and the results of the first stage of the USQE 
STEP-1 are given in Table 1.

We will analyze the dynamics of educational success 
indicators for specialty “Pediatrics” according to subtests 
formed in percentage correspondence of fundamental 
biomedical sciences, demonstrated in Fig. 1.

Let’s consider the success rates of applicants for higher 
medical education Bogomolets NMU in specialty “Pedi-
atrics” and conduct a comparative analysis of the results 
with specialty “Medicine.”

Analysis of the results of the USQE STEP-1 by applicants 
HME bogomolets NMU
We will analyze the results of the first stage of the USQE 
STEP-1 by applicants of higher medical education of 
Bogomolets NMU for the specialty “Pediatrics” in the 
context of passing the licensing exam in Ukraine during 
2019–2022, the results of the analysis are given in Table 2.

Analysis of the results of the USQE STEP-1 by applicants 
HME bogomolets NMU specialty “Pediatrics” by subtests
In the process of ensuring the possibility of creating flex-
ible and individual ways of obtaining knowledge in a 
higher medical school against the background of reduc-
ing the learning time of each component of fundamental 
biomedical sciences [18–20], we will analyze the results 
of the USQE STEP-1 by subtests, graphically presented in 
Fig. 2.

Let’s consider the success of the first stage of the USQE 
STEP-1 by applicants for HME of Bogomolets NMU in 
the specialty “Pediatrics” by subtests in comparison with 
2021, presented in Fig. 3.

In order to prove the assumption of the impact of 
improving the methodological methods of passing a 
stable educational process according to the mixed form 
of training for applicants for higher medical education 
in specialty “Pediatrics” (2019) on the results of the suc-
cess of indicators in the conditions of martial law (2022), 
methods of mathematical statistics were used, namely the 
Fisher F-criterion and the calculation of variances [15, 
16]. Additionally, an analysis of the comparison of the 
parameters of the general populations was carried out, 
formula 1 [16] was used to calculate the variance value. 
The results of calculations of variances of indicators 

Table 1 The results of the success of the first stage of the USQE STEP-1 in Ukraine in specialty “Pediatrics”
№ IHEs Amount of applicants that passed STEP-1 % of total Amount of applicants that didn’t pass 

STEP-1
Total Budgetary form Contractual form Total %

1 NMU 126 79 47 56,8 21 16,7
2 VNMU 34 26 8 15,3 1 2,9
3 IFNMU 23 18 5 10,4 4 17,4
4 LNMU 22 20 2 9,9 3 13,6
5 SSU 10 0 10 4,5 2 20,0
6 KNMU 7 7 0 3,2 0 0,0

Total: 222 150 72 100,0 31 14,0

Table 2 Comparison of the results of the success of the first stage of the USQE STEP-1, 2019–2022
Specialties, years
Success indicators

2019 2020 2021 2022
common common «Medicine» «Pediatrics» «Medicine» «Pediatrics»

NI, % 71,2 74,1 72,1 70,2 80,1 78,5
aGINMU, % 76,0 75,3 69,9 76,3
bGINMU-SP, % 68,8 65,3 71,2 67,4 76,7 78,4
aGINMU is a general success indicator at Bogomolets NMU
bGINMU-SP is a general success indicator at Bogomolets NMU in the specialties of “Pediatrics” and “Medicine”

Fig. 1 Results of the first stage of the USQE STEP-1 by applicants HME 
in specialty “Pediatrics” in Ukraine: 1– national average, 2– biology, 3– 
normal anatomy, 4– histology, 5– normal physiology, 6– biochemistry, 
7– pathological physiology, 8– pathological anatomy, 9– microbiology, 
10– pharmacology
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of 2019 and 2022 of specialty “Pediatrics” are given in 
Table 3.

The null hypothesis assumes that these samples are 
independent and are taken from general populations 
with the same variances with a significance coefficient 
of α = 0.05. Then, σ 2 will theoretically have a value of 
0.5, with the deviation region being 1.96. Analysis of the 
calculations shows that the values of the indicators are 
within the limits of variance, so we can say that the NI, 
the general success indicator of Bogomolets NMU and 
the success indicator of “Pediatrics” Bogomolets NMU in 
2022 are likely and logical. We will calculate the Fisher’s 
criterion, the results of which are presented in Table 4.

So, consider the success of the first stage of the USQE 
STEP-1 by applicants for HME of Bogomolets NMU in 
the specialty “Pediatrics” by subtests in comparison with 
specialty “Medicine” in 2022, the results are shown in 
Fig. 4.

Analysis of the results of subtests on Biological Chemistry 
as a component of the USQE STEP-1 by applicants HME in 
specialty “Pediatrics”
The results of the USQE STEP-1 by applicants HME in 
Ukraine and Bogomolets NMU specialty “Pediatrics” 
by subtest subtest “Biological chemistry” are among the 
worst in 2022, so we will conduct an analysis of their suc-
cess, presented on the Fig. 5.

Table 3 Results of variance calculations for the NI, GINMU and 
GINMU−SP “Pediatrics” indicators

Indicators Variance calculations
1 NI 0.52400697
2 GINMU 0.52172345
3 GINMU−SP “Pediatrics” 0.55886065

Table 4 Results of F-criterion calculations for the NI, GINMU and GINMU−SP “Pediatrics” indicators
Indicators F-criterion indicator to compare with Fkrit (1.6–1.0)

Femp-2019 Femp-2022
1 NI 1.09 1.18
2 GINMU 1.01 1.02
3 GINMU−SP “Pediatrics” 1.06 1.12

Fig. 4 Comparison of the results of the USQE STEP-1 by applicants HME 
in the specialties “Pediatrics” and 222 “Medicine” in Bogomolets NMU by 
subtests: 1– Bogomolets NMU average, 2– biology, 3– normal anatomy, 4– 
histology, 5– normal physiology, 6– biochemistry, 7– pathological physiol-
ogy, 8– pathological anatomy, 9– microbiology, 10– pharmacology

 

Fig. 3 Comparison of the results of the USQE STEP-1 by applicants HME 
in specialty “Pediatrics” Bogomolets NMU: 1– Bogomolets NMU average, 
2– biology, 3– normal anatomy, 4– histology, 5– normal physiology, 6– 
biochemistry, 7– pathological physiology, 8– pathological anatomy, 9– mi-
crobiology, 10– pharmacology

 

Fig. 2 Results of the first stage of the USQE STEP-1 by applicants HME in 
specialty “Pediatrics” in Ukraine and Bogomolets NMU: 1– national aver-
age, 2– biology, 3– normal anatomy, 4– histology, 5– normal physiology, 
6– biochemistry, 7– pathological physiology, 8– pathological anatomy, 9– 
microbiology, 10– pharmacology
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In order to prove the assumptions regarding the results 
of passing biological chemistry, methods for comparing 
indicators using the Fisher’s criterion were used [15], a 
table of F-values was analyzed by methods of comparing 
the numerical data of the criterion [16, 17]. According to 
the null hypothesis, the difference in the success of test 
tasks passing by applicants HME specialty “Pediatrics” 
of the Bogomolets NMU does not depend on teaching 
methods, but is the result of the influence of martial law 
in the country on applicants. An alternative hypothesis 
was the assumption of the level of complexity of the test 
tasks of the USQE STEP-1 by the subtest component in 
biological chemistry. The results of calculating the vari-
ances of indicators in biological chemistry of the spe-
cialty “Pediatrics” in 2021 and 2022 are given in Table 5.

The null hypothesis assumes that the determined sam-
ples are independent and taken from general populations 
with the same variances with a significance coefficient of 
α = 0.05. Then, σ 2 theoretical will have a value of 0.48, 
while the deviation area is 1.96. According to the results 
of the analysis of Table 5, we can assert that the values of 
the variance calculations of the indicators of the success 
of passing of the USQE STEP-1 in Biological Chemistry 

are not included in the boundaries of the variance, there-
fore we can say that the success results in terms of NIBC 
numbers, the general indicator of Bogomolets NMU 
(GIBC

NMU) and the general indicator of Bogomolets NMU 
“Pediatrics” (GIBC

NMU-SP “Pediatrics”) in 2022 were random 
and not logical. The results of calculating the F-criterion 
of the indicators that have been already mentioned are 
given in Table 6.

Discussion
The global epidemic of COVID-19 forced the educational 
space to react quickly. Therefore, in a very short time, the 
education system switched to a remote form of providing 
educational services. The quality of this form of educa-
tion is extremely important for training future doctors, 
especially during the separation specialty “Pediatrics” 
period. Therefore, as shown in Table 1, the improvement 
of methodological methods of passing a stable educa-
tional process in the mixed form of education of students 
of higher medical education in the specialty “Pediatrics” 
turned out to be quite effective. Bogomolets National 
Medical University provides the country with specialists 
in specialty “Pediatrics” for 56.8% of the total number of 
applicants, and all other IHEs train 43.2% of specialists. 
As Table 1 shows, only 31 applicants out of 222 applicants 
for higher medical education in specialty “Pediatrics” did 
not pass the first stage of the USQE STEP-1 from the first 
compilation, which is 14% of the total number of appli-
cants achieved success. The highest results of the first 
stage of the USQE STEP-1 in terms of the overall success 
rate were demonstrated by KNMU and VNMU, in con-
trast to SSU with a success rate of 20%. The national suc-
cess indicator (NI) of the first stage of the USQE STEP-1 
for the specialty “Pediatrics” in 2022 is 78.5%, for the 
specialty “Medicine” NI is 80.1% [8], so it means that the 
level of training of specialists in the specialty “Pediatrics” 
within Ukraine is quite high.

However, since 2022, Ukraine has been under martial 
law. The vast majority of participants in the educational 
process were not ready for such events. Some applicants 
temporarily emigrated abroad, some remained in the 
occupied territories, some - in the territories of active 
and moderate hostilities. During this period, the physical 
factors of war had an impact: air alarms, shelters with-
out access to the Internet, lack of light and mobile com-
munications. A tangible impact on the participants of 
the educational process was on the part of psychological 

Table 5 Results of variance calculations for the NIBC, GIBC
NMU and 

GIBC
NMU−SP “Pediatrics” indicators

Indicators Variance calculation
1 NIBC 0.46052143
2 GIBC

NMU 0.40403742
3 GIBC

NMU−SP “Pediatrics” 0.40403742

Table 6 Results of calculating the F-criterion for the NIBC, GIBC
NMU and GIBC

NMU−SP “Pediatrics” indicators
Indicators F-criterion indicator to compare with Fkrit (1.6–1.0)

Femp-2021 Femp-2022
1 NIBC 1.07 1.16
2 GIBC

NMU 1.02 1.26
3 GIBC

NMU−SP “Pediatrics” 1.02 1.26

Fig. 5 Comparison of the results of the USQE STEP-1 in biological chemis-
try by applicants HME the specialty “Pediatrics”
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factors of war, such as fear, despair, confusion, etc. In 
such circumstances, of course, the educational process 
suffers the greatest losses in terms of acquiring knowl-
edge. Thus, the educational environment continues to 
use and improve forms of education, adapting to the con-
ditions of full-scale war. Therefore, the results of such 
work will be reflected in the indicators of passing of the 
USQE STEP-1. Despite the martial law in Ukraine, the 
success of applicants for higher medical education in the 
specialty “Pediatrics” in 2022 increased both by NI (∼ by 
8%) and the national indicator by subtests (NIS): biology 
by 13.7%, normal anatomy by 13.2%, histology by 6.3%, 
normal physiology by 8.7%, pathological physiology by 
11.2%, pathological anatomy by 17.5%, microbiology by 
4.6%, pharmacology by 9%. As we can see in Fig.  1, the 
exception is the result of the passing of biological chemis-
try, which has deteriorated in the country by 6.4%. There-
fore, on average, the success of applicants by subtest 
improved by 8.6% compared to 2021.

We can note that during the transition from offline 
education (indicators of 2019) to mixed form of educa-
tion due to the COVID-19 pandemic (2020–2021 p.p.), 
the scientific and pedagogical team of Bogomolets NMU 
took all the necessary measures to ensure the mixed 
form of the educational process, and such changes did 
not significantly affect the quality of knowledge assimi-
lation by students (see Table  2 and [9, 18]). The NI of 
the first STEP-1 licensing exam by applicants for higher 
medical education in Ukraine improved by 3.1% in 2020, 
the GINMU rates of Bogomolets NMU slightly worsened 
despite the fact that the criterion of success “passed” in 
2020 was set at the lowest level in the history of licensing 
exams: 55.5%, and the country was in a transitional state 
of organizing the educational process of mixed studying 
due to the COVID-19 pandemic. It should be noted that 
the GINMU−SP of applicants for the specialty “Pediatrics” 
at Bogomolets NMU in 2020 is lower by 11.9% compared 
to specialty “Medicine” [9]. In 2021, the criterion of suc-
cess “passed” in Ukraine was set at 60.0%, the results of 
the first stage of the USQE STEP-1 in Ukraine and in 
Bogomolets NMU worsened by 3% and 5.4%, respec-
tively, but the success of applicants for specialty “Pedi-
atrics” improved by 2.1% compared to the previous year, 
reaching the period of offline education [18].

With the beginning of martial law, Ukraine in the edu-
cational process was forced to implement a mixed, mixed 
form of education, industry “Health” was not an excep-
tion. However, the success (GINMU-SP) of the first stage 
of the USQE STEP-1 by applicants of higher medical 
education of specialties “Pediatrics” and “Medicine” in 
Ukraine improved by 8% and 8.3%, respectively, and the 
general success in Bogomolets NMU (GINMU) improved 
by 6.4%, despite the establishment of the criterion of suc-
cess “passed” at the level of 62.0%. Although the national 

indicator of the country of specialty “Pediatrics” is 1.6% 
lower than the NI of specialty “Medicine,” in Bogomo-
lets NMU applicants of specialty “Pediatrics” passed the 
license exam STEP-1 by 1.7% more successfully. We can 
say that Ukrainian applicants are very motivated, con-
scious citizens of their country.

According to the standardized table the F-criterion 
(Fkrit) [16, 17] of the study results has a value from 1.6 
to 1.0. Analysis of the results presented in Table 4 indi-
cates that the F-criterion values prove the reliability 
of the results obtained, since the Femp values for 2019 
(1.01–1.09) and Femp for 2022 (1.02–1.18) are within the 
probability range according to the theoretical value table 
Fkrit. Thus, the results obtained in 2019 and 2022 are 
within the limits of reliability. Therefore, the provision 
of the educational process in the mixed form of educa-
tion in Ukraine and the Bogomolets NMU was carried 
out at the proper methodological level. Even during air 
raids, classes in medical and theoretical disciplines con-
tinue in bomb shelters (see Supplementary material, 
S4). In the Bogomolets NMU students who did not have 
time to arrive remain in the shelters and connect to the 
group on special online educational platforms developed 
by institutions of higher medical education, where they 
perform all the tasks together with their colleagues and, 
if necessary, consult with the teacher through video com-
munication. A lot of attention among tasks is given to 
test control.

Fundamental biomedical sciences form the basis for 
higher medical education applicants for clinical rea-
soning and decision-making to solve new, complex 
and ambiguous clinical problems that require a deeper 
knowledge fund. A detailed understanding of the bio-
medical sciences also allows future doctors to effectively 
exploit the innovations and discoveries resulting from 
basic scientific research [19–23]. The success of appli-
cants for higher medical education in the specialty “Pedi-
atrics” of Bogomolets NMU, as Fig.  2 shows, in 2022 is 
almost at the level of the state indicator of Ukraine, and 
for such subtests as pathological anatomy and pharma-
cology, the Bogomolets NMU GINMU-SP slightly (∼ by 
1.2%) exceeds NI. Having conducted a detailed analysis 
of the results of the first stage of the USQE STEP-1 by 
applicants for higher medical education in the specialty 
“Pediatrics” Bogomolets NMU by subtests, we note that 
the in 2022 success rate increased both in the general 
indicator of Bogomolets NMU by 11%, (3% higher than 
the NI of the country), and by subtests: biology by 16.6% 
(3% higher than the country’s NI), normal anatomy by 
17.9% (4.7% higher than the country’s NI), histology by 
7.0%, normal physiology by 11.6% (3% higher than the 
country’s NI), pathological physiology by 13.7% (2.5% 
higher than the country’s NI), pathological anatomy by 
20.8% (3.3% higher than the country’s NI), microbiology 
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by 7.0% (2.4% higher than the country’s NI), pharmacol-
ogy by 11.1% (2.1% higher than the country’s NI). Despite 
the significant success of passing the first stage of the 
USQE STEP-1 in almost all subtests, the result of biologi-
cal chemistry in applicants for higher medical education 
in specialty “Pediatrics” of Bogomolets NMU in 2022 
worsened by 4.6%, which is 1.8% less than in Ukraine (see 
Fig. 1). The results of the first stage of the USQE STEP-1 
by applicants for higher medical education in specialty 
“Medicine” at Bogomolets NMU are approximately at 
the same level of success as the general success indica-
tor of Bogomolets NMU, and from such subtests as his-
tology, normal physiology and biochemistry are slightly 
higher (see Fig.  4). Of such subtests as biology, normal 
anatomy, pathological physiology, pathological anatomy, 
microbiology, pharmacology, the candidates for specialty 
“Pediatrics” remain the leader. Therefore, the Bogomolets 
National Medical University demonstrated a high level of 
preparation of applicants the specialty “Pediatrics” for the 
USQE STEP-1 at a level higher than the state indicator.

Biological chemistry as one of the main disciplines 
forms the understanding of the structure, properties, 
functions, the use of biological compounds from micro- 
and macromolecules to cells to understand their role in 
life, the occurrence of various kinds of disorders, as well 
as the understanding of the mechanisms of influence of 
drugs, their function in clinical conditions [24–26]. In 
the process of ensuring the possibility of creating flexible 
and individual ways of obtaining knowledge in a higher 
medical school against the background of reducing the 
learning time of each component of the fundamental bio-
medical sciences [19, 25, 26], we will analyze the results 
of the first stage of the USQE STEP-1 by subtests, pay-
ing special attention to biological chemistry, the prepa-
ration for which is carried out by the department of 
medical biochemistry and molecular biology at Bogomo-
lets NMU.

The passing rate of Biological Chemistry by applicants 
HME the specialty “Pediatrics” in 2022 according to the 
national indicator (NI) decreated by 6.4% (see Fig.  5). 
However, the results of the Bogomolets NMU (GINMU) in 
all medical specialties remained at the level of 2021 [18]. 
After analyzing the results of the USQE STEP-1 in Bio-
logical Chemistry by applicants HME the specialty “Pedi-
atrics” in Bogomolets NMU (GINMU−SP “Pediatrics”), we see 
that the success rate has decreased by 4.6% compared to 
2021, but this indicator is not lower than the GINMU. That 
is, a decrease NIBC in biological chemistry against the 
background of a general increase in the results of pass-
ing the first stage of the USQE STEP-1 specialty “Pediat-
rics” (see Fig. 1) is most likely associated with an increase 
in the level of complexity of test tasks in the licensed 
exam compared to 2021 and with the factor of hostilities 
in Ukraine in conditions of constant deep stress, which 

primarily affects memory and attention. Since memory 
is able to perceive bright events at once, however, after 
thirty minutes our memory turns off and the perception 
of any information is blocked [26]. Analysis of the indi-
cators given in Table 6 shows that the F-criterion num-
bers prove the reliability of the obtained results, since 
the Femp numbers for 2021 (1.02–1.07) and Femp numbers 
for 2022 (1.16–1.26) are within probability, according to 
the theoretical numbers of the F-criterion(Fkrit) [17, 18]. 
Thus, the results obtained in 2021 and 2022 belong to the 
limits of probability, but the results of the success of bio-
logical chemistry indicators for 2021 are more reliable. 
Thus, we can state that the effectiveness of training future 
doctors of specialty “Pediatrics” depends on the use of 
improved methodological techniques in the organiza-
tion of the educational process in the discipline “Medical 
Biochemistry,” introduced by the Department of Medical 
Biochemistry and Molecular Biology of the Bogomolets 
National Medical University, namely, the video conven-
tion of the discipline was developed, the forms of control 
of theoretical knowledge and practical skills were diversi-
fied, the test tasks for the topics of the course “Medical 
Biochemistry” were updated and improved. Тhe results 
of success in 2022 were random, associated with the 
impact of external conditions, namely the state of war in 
which Ukrainian medical education is located. The reli-
ability of the conclusions is proved by methods of math-
ematical statistics, in particular by reliability indicators.

Conclusions
The analysis of the results of USQE STEP-1 by applicants 
of higher medical education of the specialties “Pediatrics” 
and “Medicine” in Ukraine showed the effectiveness of 
the selection of the specialty “Pediatrics” into a separate 
section of the training of specialists at the undergradu-
ate level in the field of “Health Care”. Using the methods 
of mathematical statistics, the effectiveness of organi-
zational methodological techniques in the organization 
of the educational process in the conditions of the mar-
tial law of Ukraine and Bogomolets NMU as a leader in 
the training of specialists in Pediatric doctors has been 
proved.
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