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Abstract: This arƟ cle deals with the urgent need to use STEM approaches for developing the so-called hard skills in primary 
school. The current demand for informaƟ on technologies necessitates the development of technical educaƟ on. Therefore, 
the implementaƟ on of STEM methods is especially relevant in our Ɵ me. The aim of the study is to determine the impact of 
STEM approaches on the development of technical and other skills necessary for solving real problems. The study is based 
on pracƟ cal methods: quesƟ onnaire surveys, research tasks, project acƟ viƟ es, game modelling, and group work. This once 
again confi rmed the posiƟ ve impact of STEM approaches on students’ interest in the exact sciences and the development 
of skills necessary in the 21st century. The academic novelty of the study is the idenƟ fi caƟ on of specifi c mechanisms that 
develop technical skills using methods adapted to primary school that contribute to the acquisiƟ on of knowledge, skills, and 
abiliƟ es at a young age of students in grades 3-4. Special aƩ enƟ on is paid to the development of the New Ukrainian School 
(NUSh) competencies. 
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Resumo: Este arƟ go trata da necessidade urgente de usar abordagens STEM para desenvolver as chamadas habilidades 
técnicas na escola primária. A demanda atual por tecnologias da informação exige o desenvolvimento da educação 
técnica. Portanto, a implementação de métodos STEM é especialmente relevante em nosso tempo. O objeƟ vo do estudo é 
determinar o impacto das abordagens STEM no desenvolvimento de habilidades técnicas e outras necessárias para resolver 
problemas reais. O estudo é baseado em métodos práƟ cos: pesquisas por quesƟ onário, tarefas de pesquisa, aƟ vidades de 
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projeto, modelagem de jogos e trabalho em grupo. Isso mais uma vez confi rmou o impacto posiƟ vo das abordagens STEM 
no interesse dos alunos nas ciências exatas e no desenvolvimento de habilidades necessárias no século XXI. A novidade 
acadêmica do estudo é a idenƟ fi cação de mecanismos específi cos que desenvolvem habilidades técnicas usando métodos 
adaptados à escola primária que contribuem para a aquisição de conhecimento, habilidades e capacidades em uma idade 
jovem de alunos nas séries 3-4. Atenção especial é dada ao desenvolvimento das competências da Nova Escola Ucraniana 
(NUSh). 

Palavras-chave: Abordagem STEM. AƟ vidades de projeto. Habilidades técnicas. Métodos de ensino. Pensamento críƟ co. 

Resumen: Este arơ culo aborda la urgente necesidad de uƟ lizar enfoques STEM para desarrollar las llamadas habilidades 
duras en la escuela primaria. La demanda actual de tecnologías de la información requiere el desarrollo de la educación 
técnica. Por lo tanto, la implementación de métodos STEM es especialmente relevante en nuestro Ɵ empo. El objeƟ vo del 
estudio es determinar el impacto de los enfoques STEM en el desarrollo de habilidades técnicas y de otro Ɵ po necesarias 
para resolver problemas reales. El estudio se basa en métodos prácƟ cos: encuestas de cuesƟ onarios, tareas de invesƟ gación, 
acƟ vidades de proyectos, modelado de juegos y trabajo en grupo. Esto confi rmó una vez más el impacto posiƟ vo de los 
enfoques STEM en el interés de los estudiantes por las ciencias exactas y el desarrollo de habilidades necesarias en el siglo 
XXI. La novedad académica del estudio es la idenƟ fi cación de mecanismos específi cos que desarrollan habilidades técnicas 
uƟ lizando métodos adaptados a la escuela primaria que contribuyen a la adquisición de conocimientos, habilidades y 
capacidades a una edad temprana de los estudiantes en los grados 3 y 4. Se presta especial atención al desarrollo de las 
competencias de la Nueva Escuela Ucraniana (NUSh). 

Palabras-chave: AcƟ vidades de proyecto. Enfoque STEM. Habilidades técnicas. Métodos de enseñanza. Pensamiento críƟ co.

1 INTRODUÇÃO

The modern world is rapidly changing un-
der the infl uence of the scienƟ fi c and tech-
nological process, thereby puƫ  ng forward 
new requirements for the NUSh educaƟ on 
system, which is the basis for primary school 
in Ukraine. It provides for one of the key tasks 
of modern educaƟ on: the development of so-
called hard skills in students, which include 
scienƟ fi c, technical, natural, engineering and 
mathemaƟ cal knowledge.

The emergence and acƟ ve implementaƟ on 
of STEM has become a response to the grow-
ing demand for competent specialists. The 
modern market requires technical and scien-
Ɵ fi c specialists who have deep knowledge and 
are able to apply it in pracƟ ce.

The importance for primary school is deter-
mined by the fact that at the age of 6-10 years 
old students can lay the foundaƟ ons of future 
professional competence. Most countries, in-
cluding those that have achieved signifi cant 
success in the fi eld of technology and science, 
are already acƟ vely introducing elements of 
the STEM approach into the educaƟ on of pri-
mary school children. They provide primary 
school students with the opportunity to en-

gage in applied tasks, explore environmental 
phenomena in pracƟ ce, and develop logical, 
analyƟ cal, and systems thinking skills. All these 
elements form the basis for “hard skills,” which 
later become important elements of students’ 
academic and professional success.

So, we see that using a STEM approach in 
primary school has many advantages. First, in-
tegrated tasks that relate to several subjects at 
once enable children to think about problems 
in an interdisciplinary way, rather than within 
a single subject. Second, a STEM approach can 
be used to beƩ er understand the principles of 
working with technology, such as the basics of 
roboƟ cs, computer programming, and the ba-
sics of programming.

However, the eff ecƟ ve implementaƟ on of 
STEM approaches in primary school requires 
special methods. Programmes should be 
adapted to the age specifi cs and psychologi-
cal characterisƟ cs of primary schoolchildren. 
In parƟ cular, pracƟ ce has shown that the most 
eff ecƟ ve in achieving the goals is the use of 
game methods, interacƟ ve tasks, project acƟ v-
iƟ es, and work in groups. At the same Ɵ me, it 
should be noted that educaƟ onal tasks should 
be aimed at ensuring that students can move 
from simple tasks to complex ones.



220

Revista EDaPECI220

The aim of the study is to determine the 
impact of STEM approaches on the develop-
ment of technical and other skills necessary to 
solve real problems.

The aim of the research involved the fulfi l-
ment of the following research objecƟ ves:

Analyse the impact of STEM approaches 
on the development of analyƟ cal thinking and 
basic scienƟ fi c knowledge in primary school 
children;

Determine the eff ecƟ veness of using 
games and interacƟ ve methods in the devel-
opment of technical skills and understanding 
of technical processes;

c) Assess the role of group work and proj-
ect acƟ viƟ es in the development of the ability 
to solve real problems and learning moƟ vaƟ on.

2 LITERATURE REVIEW

The reform of school educaƟ on in Ukraine, 
known as the New Ukrainian School, includes 
innovaƟ ve approaches, in parƟ cular the intro-
ducƟ on of STEM educaƟ on, which prepares 
students for the challenges of a modern high-
tech society. Most scholars (Rifandi et al.) ar-
gue that STEM approaches contribute to the 
development of knowledge and skills.

These approaches enable students not 
only to learn, but also to acquire the hard skills 
and basic knowledge that are necessary for 
further educaƟ on. Researchers have deter-
mined that a primary school is a favourable 
environment for arousing interest in science 
and technology.

Rifandi and Rahmi (2019) noted that STEM 
educaƟ on can signifi cantly improve students’ 
ability to solve their problems, be indepen-
dent, etc. In his opinion, they should be able 
to do this during everyday acƟ viƟ es, not only 
at school (Rifandi; Rahmi, 2019). The author 
noted that it will also solve the problem of low 
scores on Trends in MathemaƟ cs and Science 
Study (TIMMS) and Programme for Interna-
Ɵ onal Student Assessment (PISA). All this will 
lead to student success in all school subjects, 
especially mathemaƟ cs and technology.

MinƟ i (2023) holds a similar opinion, who 
believes that the STEM approach has an impact 

on 4 clusters: STEM educaƟ on, teacher train-
ing, and primary educaƟ on, electronic learn-
ing and computaƟ onal thinking in the prepa-
raƟ on of future STEM teachers. As Sergiіenko 
(2024) notes, this approach integrates with all 
subjects, requiring teacher support and acƟ ve 
student cooperaƟ on.

Instead, Zoria (2020) noted that this forms 
research skills that are appropriate for the 
child’s age. According to the author, STEM ap-
proaches provide greater autonomy, as well as 
independence, decision-making, responsibil-
ity, etc. The same idea is found in the works of 
TreƟ ak, O. Antonova, K. Carter, etc. The authors 
noted that STEM approaches allow for a clear 
transfer of knowledge, skills, and abiliƟ es, pro-
mote independence, etc. The teacher’s role 
is minimized, which means that students are 
the main persons. Thus, according to  Nesmith 
and Cooper (2020) STEM educaƟ on is divided 
into the following categories: roboƟ cs, mak-
erspace, and integrated lessons (Antonova; 
Antonov; Polishchuk, 2022; Balyk; Shmyger; 
Vasylenko; Oleksiuk; Skaskiv, 2019). In this 
case, STEM for hard skills is only posiƟ ve. This 
contributes not only to the acquisiƟ on of basic 
technical skills, but also forms a sustainable in-
terest in science, technology, engineering, and 
mathemaƟ cs from primary school age.

In their studies, Baimakhanbetova, Stam-
bekova, Bayraktar, Sikhimbayeva and Ibragi-
mova (2023) and Kadkhoda, Ahmadi, Hamidi 
and Nowroozi Larki (2023) noted that these 
approaches also help in overcoming gender 
stereotypes. They contribute to increasing in-
terests in girls who like technology by devel-
oping their confi dence, determinaƟ on, etc. 
Besides, the researchers emphasize the role 
of gaming technologies, which underlie STEM 
approaches. These methods are part of what 
makes learning more interesƟ ng and allows 
students to absorb informaƟ on (Firdaus; Raha-
yu, 2019; Zengin; Kavak; Keçeci; Zengin, 2022).

So, the analysis of literature shows that 
STEM is a promising approach in primary 
school for developing 21st century skills, in-
cluding hard skills. All this has a signifi cant im-
pact on students’ success and their social ad-
aptaƟ on.
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cal methods to assess the signifi cance of the 
impact of the STEM approach on the devel-
opment of hard skills. This comparison gave 
grounds for drawing conclusions about the ef-
fecƟ veness of the STEM approach and its po-
tenƟ al for implementaƟ on in primary school.

3.1 RESEARCH METHODS

QuanƟ taƟ ve analysis: The survey data were 
processed using staƟ sƟ cal methods to idenƟ fy 
trends and paƩ erns of students, average val-
ues, and percentages. This gave grounds to 
draw general conclusions about the level of 
knowledge and skills of students in grades 3-4.

ComparaƟ ve method: This method as-
sessed the impact of the STEM approach on 
the development of hard skills. The results of 
the iniƟ al, intermediate, and fi nal tesƟ ng were 
used for comparison. This made it possible to 
trace the dynamics of skill development during 
the experimental period.

ObservaƟ on: ObservaƟ on methods were 
used to track how students interacted and ap-
plied their knowledge in pracƟ ce during the 
implementaƟ on of the STEM approach. Ob-
servaƟ ons were conducted both directly and 
remotely.

QuesƟ onnaire survey: It helped to explore 
the views of students and teachers on the 
eff ecƟ veness of STEM approaches through 
quesƟ ons on the percepƟ on of interest in the 
implementaƟ on of STEM subjects (the ques-
Ɵ onnaires themselves can be found in the ap-
pendices hereto).

Content analysis: This method was used 
to analyse the responses of students, parents, 
and teachers in the survey, which helped to 
idenƟ fy key trends in the percepƟ on of STEM 
iniƟ aƟ ves.

3.2 SAMPLE DESCRIPTION

The research base is two general educa-
Ɵ onal insƟ tuƟ ons in Ukraine: Roman Huryk Ly-
ceum No. 23 in the Ivano-Frankivsk region and 
Chernivtsi Gymnasium No. 8 of the Chernivtsi 
City Council in the Chernivtsi region. Our sam-
ple, which was selected from the above-men-

3 METHODS AND MATERIALS

The study was conducted in several stages 
using mixed methods, which involved the col-
lecƟ on and analysis of quanƟ taƟ ve and quali-
taƟ ve data.

The fi rst stage is preparatory. At this stage, 
the target group of the study was determined 
— students of grades 3-4, aged 9-10. A ques-
Ɵ onnaire was developed for the quanƟ taƟ ve 
study, covering the development of techni-
cal, mathemaƟ cal, natural science, and infor-
maƟ on skills. The reliability of the results was 
ensured through the creaƟ on of the control 
group (CG) and experimental group (EG). The 
CG studied according to the standard curricu-
lum provided by the NUSh, and the EG stud-
ied according to the STEM methodology. The 
number of parƟ cipants in each group was de-
termined by age, gender, and level of knowl-
edge.

The second stage was the collecƟ on of 
quanƟ taƟ ve data. At this stage, pre-tesƟ ng 
in mathemaƟ cs, computer science and natu-
ral science was conducted with students in 
grades 3-4. The tests included tasks that as-
sess the development of so-called hard skills, 
such as mathemaƟ cs, logic, technical thinking, 
and problem solving. Online forms were used 
to collect standardized data, and parental con-
sent was obtained for their children’s parƟ ci-
paƟ on in the study.

The third stage is the implementaƟ on of 
the STEM approach. The EG students studied 
for a certain period according to a specially 
developed STEM programme, which included 
natural sciences, technology, and mathemat-
ics. The educaƟ onal material focused on real-
life situaƟ ons and was aimed at developing 
technical thinking and pracƟ cal skills. The CG 
conƟ nued to study according to the NUSh pro-
gramme without a STEM component, which 
ensured the purity of the experiments.

The fourth stage was the integraƟ on of the 
results. The obtained data were processed us-
ing quanƟ taƟ ve and qualitaƟ ve methods. SPSS 
and Excel soŌ ware were used to analyse the 
data and idenƟ fy general trends. The results 
of both groups were compared using staƟ sƟ -
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Ɵ oned insƟ tuƟ ons, consists of children of pri-
mary school age (9-10 years old). We selected 
two schools for the study that have the same 
locaƟ on, similar educaƟ onal programmes in 
order to obtain high-quality representaƟ ve 
data and minimize external infl uence on the 
research results.

The study involved a total of 100 students, 
who were divided into 2 groups: the EG (50 
students) to whom the STEM approach had 
already begun to be implemented during the 
academic year, and the CG (50 students) who 
studied under the NUSh programmes devel-
oped by O. Savchenko and R. Shyian.

A sample of 100 students in each group 
(CG and EG) was selected for the study, which 
is explained by several important factors:

First, such a number of students (50 peo-
ple) was determined because of staƟ sƟ cal 
requirements for obtaining valid and reliable 
results.

Such a number of people provides suffi  -
cient representaƟ veness to idenƟ fy signifi cant 
changes in the development of hard skills un-
der the infl uence of STEM approaches.

It also makes it possible to reduce the im-
pact of random deviaƟ ons and staƟ sƟ cal er-
rors.

Second, the following factors were taken 
into account when choosing the sample size: 
reliability of the results: a sample of less than 
100 people may not reveal clear trends or the 
impact of STEM approaches because of the in-
creased likelihood of random deviaƟ ons; group 
balance: the same number of students in the CG 
and EG allows for a clear comparison of results 
and minimizes the impact of external factors.

The students were selected for the study 
according to a number of criteria that ensured 
equality of condiƟ ons between the CG and EG: 
1) age range: students in grades 3-4 were se-
lected in order to ensure that the study was 
conducted in primary grades; 2) iniƟ al skill lev-
el: students with the same level of hard skills 
were divided into CG and EG at the pre-test 
stage of the study to ensure equality of start-
ing condiƟ ons. 

The sample included students from diff er-
ent socio-economic populaƟ on segments and 

diff erent schools, which ensured the represen-
taƟ veness of diff erent populaƟ on groups. This 
increased the external validity of the study and 
helped to apply its results to a wider range of 
individuals.

A straƟ fi ed sampling method was used 
to determine the fi nal sample, which refl ects 
the diversity of children according to certain 
characterisƟ cs (age, level of knowledge, type 
of school, etc.). The number of students in the 
general populaƟ on can be calculated as 100 
people, so a sample with a low margin of error 
was obtained.

Therefore, these criteria were the basis for 
selecƟ ng 100 students to ensure a highly reli-
able representaƟ veness of the general popula-
Ɵ on as a whole.

The study lasted for one academic year — 
from September 2023 to May 2024. This pe-
riod was chosen because it allowed us to study 
the long-term eff ects of implemenƟ ng a new 
teaching approach for the EG. Primary school 
was chosen because of its key role in devel-
oping technological skills, which are formed 
at the stage of acquiring basic knowledge. In 
addiƟ on, primary school is an important stage 
for the implementaƟ on of new methods, such 
as STEM, which contribute to innovaƟ ve ap-
proaches to educaƟ on.

3.3 RESEARCH PROGRAMMES

Several tools were used to conduct the 
study, which facilitated data collecƟ on and 
analysis. Google Forms were the main tool for 
collecƟ ng informaƟ on, which allowed for the 
creaƟ on and distribuƟ on of a quesƟ onnaire 
among the study parƟ cipants. The results were 
analysed using Excel for primary data process-
ing and visualizaƟ on, as well as SPSS for sta-
Ɵ sƟ cal analysis and hypothesis tesƟ ng. Each of 
these tools was selected due to its eff ecƟ ve-
ness in the respecƟ ve stages of the study. The 
following tools were also used to collect and 
analyse data:

First, students were tested using standard-
ized tests to assess technical skills such as 
mathemaƟ cs, logical reasoning, as well as ba-
sic science and technology knowledge. TesƟ ng 
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was conducted almost every month to moni-
tor student progress and idenƟ fy skill develop-
ment dynamics.

Second, special exercises from the STEM 
programme were used for the EG. They in-
volved integraƟ on and project acƟ viƟ es with 
elements of roboƟ cs, computer modelling, 
and the applicaƟ on of mathemaƟ cal concepts.

Accordingly, it was necessary to use special 
soŌ ware: t-tests for independent samples, the 
Mann-Whitney tests for nonparametric data 
and eff ect size esƟ maƟ on using the Cohen’s d.

StaƟ sƟ cal signifi cance was assessed by us-
ing t-tests, which allow comparing diff erences 
between the CG and EG, as well as standard 
formulas for nonparametric criteria, such as 
the Cohen’s d formula:

d =                , where                  – average 

values in the EG and CG, Spooled – total sample 
deviaƟ on.

So, it can be noted that our study has a 
solid basis and a clear methodology, which in-
volves the use of standardized tests and sta-
Ɵ sƟ cal tools for data analysis, which made it 
possible to assess the impact of the STEM ap-
proach on the development of hard skills in 
primary school children.

4 RESULTS

AŌ er the school year ended in May 2024 
and the implementaƟ on of the STEM approach 
to learning in the experimental group of stu-
dents, re-tesƟ ng was conducted to assess the 
development of technological skills, the main 
elements that we took into account for the as-
sessment:

AŌ er the school year ended in May 2024 
and the implementaƟ on of the STEM approach 
to learning in the EG of students, re-tesƟ ng 
was conducted to assess the development of 
technological skills, the main elements that we 
took into account for the assessment:

MathemaƟ cal skills — measure the speed 
and accuracy of performing arithmeƟ c tasks;

Logical thinking (solving logical problems).
Natural science skills (understanding sim-

ple natural phenomena and principles)
Technical skills (performing simple design 

tasks).
The test results were compared between 

the two groups using an independent sample 
t-test. As the data were normally distributed, 
they were tested using the Kolmogorov-Smirnov 
test. Table 1 developed by the author shows the 
mean scores and standard deviaƟ ons for each 
category for the two groups (CG and EG):

Table 1 - Mean scores and standard deviaƟ ons of the CG and EG

Category Control group Experimental group t-value p-value

MathemaƟ cal skills 78.3 ± 10.2 85.7 ± 9.5 4.32

< 0.001
Logical thinking 70.5 ± 8.3 80.2 ± 7.8 5.13

Natural science skills 65.4 ± 9.7 74.8 ± 10.1 4.01

Technical skills 60.2 ± 7.5 72.9 ± 8.2 6.28

So, the results of Table 1 demonstrate that 
the EG in all categories has a certain growth 
rate, which indicates that the STEM approach 
has a posiƟ ve impact on the development of 
technical and mathemaƟ cal skills.

4.1 EFFECT SIZE ESTIMATION

In order to esƟ mate the eff ect size, we 
needed to calculate the percentage coeffi  -
cient using Cohen’s d. It esƟ mated the pracƟ -
cal signifi cance of the diff erences between the 
groups. The results of the eff ect can be found 
in Table 2.
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Table 2 - Eff ect size (Cohen’s d)
Category Cohen’s d

MathemaƟ cal skills 0.74

Logical thinking 0.95

Natural science skills 0.80

Technical skills 1.51
Source: Developed by the authors (2025).

Analysis of the table, which provides data 
on diff erent types of skills gave grounds to 
idenƟ fy key points:

First, Cohen’s d demonstrates a signifi cant 
eff ect size for all studied skills, which indicates 
the high eff ecƟ veness of the STEM approach 
in the development of hard skills in primary 
school.

In parƟ cular, the largest eff ect is observed 
in the development of technological skills 
(1.51), which indicates a signifi cant impact of 
STEM on students’ mastery of the basic prin-
ciples of working with technology.

Second, the development of logical think-
ing has a high Cohen’s d (0.95), which empha-
sizes the eff ecƟ veness of the STEM approach 
in sƟ mulaƟ ng analyƟ cal skills and cogniƟ ve 

abiliƟ es. This is especially important for pre-
paring children for more complex educaƟ onal 
tasks in the future. 

Third, natural science skills and mathemat-
ical skills also show a signifi cant eff ect (0.80 
and 0.74, respecƟ vely), indicaƟ ng an overall 
posiƟ ve impact of STEM methods on the ac-
quisiƟ on of fundamental knowledge in science 
and mathemaƟ cs.

So, the results obtained confi rm that the 
STEM approach signifi cantly increases the level 
of hard skills among primary school students, 
especially in the fi eld of technology and logical 
thinking, which can serve as the basis for further 
research and implementaƟ on of this approach 
in the educaƟ on system. These data are shows 
in percentage terms on the graph (Figure 1).

Figure 1 - Eff ect size (according to Cohen’s d)

Figure 1 only confi rms the above, which 
means that technical skills (1.51), logical think-
ing (0.95), and mathemaƟ cal skills (0.74) are 
key in NUSh.

4.2 ANALYSIS OF NONPARAMETRIC DATA RE-
SULTS

As the data in Table 1 do not follow a nor-

mal distribuƟ on, nonparametric analysis meth-
ods were also used to test the results.

The Mann-Whitney test, which was used 
to compare these results, is nonparametric. 
That is why it enables comparing two inde-
pendent samples without requiring that the 
data be normally distributed, and it also deter-
mines whether there is a signifi cant diff erence 
between the EG and CG. This test will be used 
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in those moments where deviaƟ ons from a 
normal distribuƟ on can be observed. So, Table 

3 shows similar results with staƟ sƟ cally signifi -
cant diff erences between the EG and CG.

Table 3 - Mann-Whitney test between the EG and CG samples

Category U-value p-value

MathemaƟ cal skills 712.5

< 0.001
Logical thinking 650.0

Natural science skills 680.0

Technical skills 590.5

As Table 2 shows, all of the above cat-
egories were confirmed by the Mann-Whit-
ney test: there is a significant difference 
between the results of the two groups. 
Therefore, it can be confidently stated that 

the implementation of the STEM approach 
has a significant positive impact on the de-
velopment of students’ technological skills, 
even when the data are not normally distrib-
uted (Figure 2).

Figure 2 - Mann-Whitney test between the EG and CG samples

So, the Mann-Whitney U test (by score) 
provides addiƟ onal verifi caƟ on of the results 
and confi rmed the staƟ sƟ cal signifi cance of 
the diff erences between the EG and CG.

4.3 PROJECTING LONG-TERM OUTCOMES

Based on the obtained data, addiƟ onal 
modelling was conducted to assess how long 
STEM would have an impact on the develop-
ment of technical and mathemaƟ cal skills. Re-
gression analysis was used for this purpose, 
which esƟ mates the potenƟ al growth in tech-
nical skills at the beginning and end of the ex-
periment. At the same Ɵ me, the growth rate 

of the results in the EG was taken into account, 
and therefore - rapid growth in skills in the me-
dium and long run. Based on this model, it was 
concluded that students who regularly use 
STEM approaches are more likely to achieve 
greater success in the following areas:

MathemaƟ cs: Regression analysis shows 
that students who consistently engage in 
STEM programmes can improve their math 
skills by 20% compared to tradiƟ onal teach-
ing methods. This is explained by STEM’s ac-
Ɵ ve development of the pracƟ cal applicaƟ on 
of mathemaƟ cal knowledge through solving 
real-world problems. Table 4 shows this dif-
ference.
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Table 4 - Diff erence in predicted outcomes before and aŌ er STEM approaches

Indicator Before STEM approach (%) AŌ er STEM approach 
(%)

Average level of mathemaƟ cal skills 70% 85%

Projected growth in skills 0% 20%

A bar chart (Figure 3)  is created to visu-
ally display this information that will indicate 
the difference in results. Each bar will indi-
cate a separate category or variable that will 
reflect the difference in the results of the 
study. This chart helps to identify which indi-

cators have the highest values and compare 
them with others. This will help not only 
visualize the data, but also facilitate their 
analysis, as it becomes possible to quickly 
see trends, correlations or differences be-
tween groups.

Figure 3 - Improving math skills depending on the learning method 

Technology: ProjecƟ ons for the develop-
ment of technical competencies have proven 
to be unusual. Given the interacƟ ve nature of 
STEM educaƟ on, which includes pracƟ cal work, 

projects related to design and programming, it 
is predicted that high school students will show 
25-30% beƩ er results than their peers with tra-
diƟ onal engineering training (Table 5).

Table 5 - ProjecƟ ons for the development of technical competencies using the STEM ap-
proach in primary school

Indicator Before STEM 
approach (%)

AŌ er STEM 
approach (%)

TradiƟ onal programme 70 100

STEM approach 60 90

A bar chart can be created to graphically 
represent this data, that shows the percent-
age of competency levels before and aŌ er the 
STEM approach, both in the tradiƟ onal pro-
gramme and in the STEM-based one (Figure 

4). The fi gure clearly displays the percentage 
of competency levels before and aŌ er the im-
plementaƟ on of the STEM approach, compar-
ing the results of the tradiƟ onal programme 
with the STEM-based programme.
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Figure 4. PredicƟ on of the development of technical competencies of primary school stu-
dents before and aŌ er the implementaƟ on of the STEM approach

This will show not only the overall eff ec-
Ɵ veness of the STEM approach, but also en-
ables assessing its impact on the development 
of specifi c competencies under research.

The modelling results showed that the 
implementaƟ on of STEM approaches not only 
provides students with basic technical skills, 
but also lays the foundaƟ on for further suc-
cessful educaƟ on in secondary school. This is 
especially true for areas that require precise 

thinking and technical knowledge. Regression 
analysis shows that students who start study-
ing STEM at the iniƟ al stages have a higher 
chance of succeeding in higher educaƟ on, es-
pecially in technical and engineering majors.

Two groups were formed at the beginning of 
the study, and the CG studied according to the 
tradiƟ onal programme. At the end of the study, a 
comparaƟ ve analysis was made before and aŌ er 
the experiment, which is presented in Table 6.

Table 6 - Comparison of average scores (before and aŌ er the study)

Group
Average score 

(before the study)
Average score

(aŌ er the study)
Change in %

EG 68 85 +25%

CG 69 73 +6%

The EG students show a significant im-
provement in their results after the intro-
duction of STEM methods (+25%), while in 

the CG this indicator was significantly lower 
(+6%). Figure 5 displays the obtained re-
sults.
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Figure 5 - Comparison of average scores (before and aŌ er the study)

This suggests that the use of STEM ap-
proaches contributes to the signifi cant devel-
opment of technical skills, which can be the 
basis for further success in studying more com-
plex subjects in secondary and higher school. 
In this case, commitment to STEM educaƟ on 
not only has a posiƟ ve short-term impact, but 
can also lay a sustainable foundaƟ on for fur-
ther success in technical fi elds.

Modelling shows that students who study 
using STEM programmes are more likely to 
achieve higher academic results and acquire 
important skills throughout secondary and 
even higher educaƟ on. This study showed that 
the STEM approach has a signifi cant impact on 
the development of technical skills in primary 
school. The EG students show signifi cantly bet-
ter results than the CG students, which indi-
cates the eff ecƟ veness of these approaches. 
This emphasizes the eff ecƟ veness of these ap-
proaches. So, the obtained results confi rm that 
STEM educaƟ on has a posiƟ ve impact on the 
development of hard skills in primary school 
students, and provide grounds to recommend 
the implementaƟ on of these approaches in 
the broader educaƟ onal process.

5 DISCUSSION

It was noted above that the implementa-
Ɵ on of STEM approaches provides posiƟ ve 
moments, but it is necessary to look other 

researchers’ view of this problem. According 
to Shkurenko and Lobyreva (2023), the imple-
mentaƟ on of STEM approaches in primary 
school is a diffi  cult stage for the development 
of humanity, because this area has certain 
prospects in the preparaƟ on of students and 
the populaƟ on for STEM educaƟ on. One can 
agree with this proposiƟ on, at least with the 
statement that computer knowledge is impor-
tant for successful professional acƟ vity in the 
modern world. However, the author draws 
aƩ enƟ on to the possible diffi  culƟ es of imple-
mentaƟ on, although the use of the STEM ap-
proach, in her opinion, will only improve the 
atmosphere of the NUSh. Indeed, for the ef-
fecƟ ve implementaƟ on of this methodology, 
teachers need to master the skills of working 
with roboƟ cs and integraƟ ng STEM into the 
educaƟ onal process. (Shkurenko; Lobyreva, 
2023).

According to Ozturk (2021), research is an 
eff ecƟ ve pedagogical pracƟ ce that is widely 
recognized in America, European countries, 
etc. The author believes that research is an im-
portant pedagogical pracƟ ce in modern class-
rooms. However, teachers themselves must 
have the necessary skills for this approach.

The researchers Marơ nez-Borreguero, 
Naranjo-Correa and Mateos-Núñez (2022) 
and Ültay, Zivali, Yilmaz, Bak, Yilmaz, Topatan 
and Kara (2020) also confi rm that real learning 
requires the ability to use science and tech-
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nology, which will improve the memorizaƟ on 
of facts, but also transform informaƟ on into 
knowledge. They believe that scienƟ fi c and 
technological literacy is the most important 
hard skill that needs to be developed. In their 
study, the team of researchers led by Ültay, 
Zivali, Yilmaz, Bak, Yilmaz, Topatan and Kara 
(2020) found that primary school students 
have many misconcepƟ ons about parƟ cular 
knowledge.

That is why the STEM approach helps 
students to correct incorrect informaƟ on by 
checking their knowledge. We agree with the 
that, as it will enable idenƟ fying the posiƟ ve 
aspects of STEM approaches (Ültay; Zivali; 
Yilmaz; Bak;Yilmaz; Topatan; Kara, 2020). A 
similar opinion is held by  Wei and Chen (2021), 
Stehle and Peters-Burton (2019), and Amran, 
Bakar, Surat, Mahmud and Shafi e (2021), Ich-
san, Suharyat, Santosa and Satria (2023), and 
Šimunović, Reić and Burušić (2018).

A similar opinion is also menƟ oned in the 
arƟ cle by Wu and Rau (2019) and Kalinova 
(2019), Bertrand and Namukasa (2020). Ac-
cording to Baran, Baran, Karakoyun and Mas-
kan (2021), there are several skills that need to 
be developed in primary school students: criƟ -
cal thinking, teamwork, adherence to ethical 
values, mastery of informaƟ on technology and 
problem-solving skills, eff ecƟ ve use of com-
municaƟ on skills, global awareness, creaƟ vity, 
embracing other cultures, and decision-mak-
ing. On the one hand, one has to agree, while 
on the other hand, each student is an individ-
ual who needs to be listened to and develop 
their hard skills. The same opinion is expressed 
in the arƟ cles of Braund and Michael (2019), 
Hussin, Jiea, Rosly and Omar (2019), Alalwan, 
Cheng, Al-Samarraie, Yousef, Alzahran and 
Sarsam (2020), which once again confi rm the 
idea that pedagogy is not only focused on the 
development of intellectual skills, but also on 
their improvement.

Therefore, we can say that each author has 
his own understanding of the impact of these 
approaches (STEM) on the development of 
hard skills in primary school students.

The implementaƟ on of STEM approaches 
in primary school may be limited by insuffi  -

cient teacher training and the lack of special 
resources and materials adapted to the age 
specifi cs of primary school students. Besides, 
diffi  culƟ es with the integraƟ on of interdis-
ciplinary tasks may be a problem in primary 
school, where it is important to take into ac-
count the students’ level of cogniƟ ve develop-
ment.

In order to increase the eff ecƟ veness of 
these approaches, it is recommended that 
teachers undergo in-service training to devel-
op their ability to teach science in an interac-
Ɵ ve learning format. Moreover, schools should 
be provided with the necessary teaching ma-
terials and equipment, such as simple labora-
tory equipment and educaƟ onal construcƟ on 
kits, so that students can learn through pracƟ -
cal acƟ viƟ es.

6 CONCLUSIONS

Therefore, the impact of STEM approaches 
on the development of hard skills is a promis-
ing direcƟ on that is needed by primary school 
children, in parƟ cular technical and math-
emaƟ cal ones. In the modern informaƟ on so-
ciety, these skills are becoming necessary for 
further educaƟ onal and professional growth, 
especially in the fi eld of innovaƟ on, technol-
ogy, and engineering. The study demonstrates 
that STEM methods develop students’ criƟ cal 
thinking, increase their interest in science and 
lay the foundaƟ ons for a systemaƟ c approach 
to solving problems.

The use of game techniques, group proj-
ects, and interacƟ ve methods contributes to 
beƩ er learning of the material, allowing chil-
dren to adapt to complex concepts. However, 
there are several limitaƟ ons that complicate 
the implementaƟ on of STEM approaches in 
primary school. Among the main ones are in-
suffi  cient teacher training and lack of appro-
priate educaƟ onal equipment, which negaƟ ve-
ly aff ects the quality implementaƟ on of these 
approaches.

These issues can be successfully addressed 
through the development of professional de-
velopment programmes for teachers and pro-
vide schools with the necessary resources to 
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support the pracƟ cal applicaƟ on of knowledge. 
So, the implementaƟ on of STEM approaches in 
primary school is a key element in building key 
skills that will ensure the development of fu-
ture specialists. 

Research prospects include the analysis of 
the impact of specifi c STEM teaching methods 
on students of diff erent age groups and the de-
velopment of individual training programmes 
that take into account the psychological and 
cogniƟ ve characterisƟ cs of each child. This 
study confi rms its scienƟ fi c novelty by idenƟ fy-
ing specifi c mechanisms for the development 
of technical skills using adapted methods that 
contribute to the acquisiƟ on of knowledge, 
skills, and abiliƟ es.

The pracƟ cal value of the research is the 
recommendaƟ ons for the implementaƟ on of 
STEM approaches in primary school, which 
will help teachers, educaƟ onal supervisors 
and school leaders in creaƟ ng innovaƟ ve cur-
ricula. The study also presents pracƟ cal ways 
to adapt to the age-related needs of younger 
schoolchildren, promoƟ ng the development 
of technical and analyƟ cal skills through game 
technologies, project acƟ viƟ es, and group 
tasks. This will allow them to more eff ecƟ vely 
develop strong skills that will become the basis 
for further research in the fi eld of science and 
technology.
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