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TFOTOBHICTb YYUTEJIB IPUPOJHNYO0-MATEMATUYHUX AU CLHUIITH
[0 3ACTOCYBAHHA TEXHOJIOTTU STEM Y IPO®ECIMHIN AIA/IBHOCTI
3A IOKABHUKAMMU KOTHITUBHOTI'O KPUTEPIIO

AHnomayis. Pozseumok STEM-oceimu gumazae ¢id e4yume.iié He MifbKU 3HAHb Y NPUPOOHUHO-MAMEMAMUYHUX JuCYuUnaiHax, aae
i KOMN/IEKCHUX MIjcnpedMemHuUX 3HaHb, 30amHocmi iHmezpysamu pisHi 2a/y3i HAyKu, mexHo02ili ma iHdceHepii y ocgimHitl npoyec. Lje
sumazae Hogux nioxodie do ¢opmysaHHsi zomosHocmi @yumeis, siki nepedbauarms po3eUMOK KozHIMueHux 30i6Hocmell, 30Kpema
30amHocmi 0o aHaAiMu4HO20 Ma KpUmu4HO20 MUC/AEHHS, KpeamusHocmi, a makoc 30amHocmi 0o iHHogayitiHoi distibHocmi. Y cmammi mu
npedcmasuau KOpomkuii meopemuyHutl AHAI3 HAYKOBUX Oxcepesa 8IMYU3HAHUX Ma 3apyO6iXcHUX HayKosyis, Akuil das 3amozy ymo4Humu
NoHAIMmMsl «20MOBHICMb 8yumMe/ie npupodHU4O-Mamemamu4yHux Jucyunaii 0o 3acmocysaHHsi mexHosaoziti STEM y npodeciiiniil
distibHoCcmi», 3 024510y Ha OCHOBHI nidxodu do 8usHaveHHs kpumepiie 2omosHocmi do negHozo sudy disbHOCcMi 8i0 8i0OMUX HAYKOBYIS,
cpopmyavosani kpumepii, ceped sIKUX 8uOiSIEMO KozHIMueHUll Kpumepill, sKull Xapakmepusye CyKynHicmb 3HAHb ma ysie/eHb Npo
xapakmep npodecitinoi dissabHocmi, paxosux 3HaHb, yMiHb | Hasu4ok enposadicedHss STEM y oceimHill npoyec. BudineHo noKasHuKu
Ko2HImusHoz20 kpumepiro: 1) «o6izHanicme y 2aaysi STEM», wo 8idobpascae pieeHb 3HAHb MAliGYMHb020 84UMeAst Npo cy4acHi meHdeHyii
pozsumky STEM-oceimu i mexHoso02ii, siki eukopucmosyiombcss @ STEM-npoekmax, 2) «KOMNAEKCHI MixcnpeOMemHi 3HAHHS», WO
8idobpasicae 3HaHHA 3 pi3HUX AUCYUNAIH NPUPOOHUHO-MAMEMAMUYHO20 YUKAY, A MAKOXC PO3YMIHHS MincnpedMemHUX 368’83Ki8 y pamKax
STEM ma 3damuicmb MaiiGymHbo20 guumens ecmaHosaeamu 368°a3ku. OnucaHo mMemoouku po3paxyHKy NOKA3HUKIG 0151 8USHAYEHHS
pisHie 2comosHocmi gyumesnie npupodHuYo-Mamemamu4Hux ducyuniii do 3acmocyearHs mexHoaoziti STEM y npodecitiniii disneHocmi.
HasedeHno pesynabmamu nedazoziuHozo ekcnepumeHmy, sKull onpayboeaHo 3a kpumepiem Cmuvtodenma. [liomeepdiceHo, wo piseHb
copmosaHocmi 3HAHHEBO20 KOMNOHEHMy 20MOBHOCMI 3a NOKA3HUKAMU KOZHIMU8HO20 Kpumepito (06isHaHicmb 6 2aay3i STEM ma
HASA68HICMb KOMNAEKCHUX MIXCNpedMemHUX 3HAHb) MAE NO3UMUBHY QUHAMIKY 8 eKChepuMeHmMabHill epyni.

Kawuoei caoea: suumeni npupodnuvo-mamemamuyuuux Jucyunaiv, STEM, STEM-mexHosoeili, kozHimueHull kpumepitl,
nidzomoeka MatiGymHix guumesis, npogeciiina nidzomoska.
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READINESS OF SCIENCE & MATH TEACHERS TO APPLY STEM TECHNOLOGIES
IN PROFESSIONAL ACTIVITIES ACCORDING TO THE COGNITIVE CRITERION INDICATORS

Abstract. The development of STEM education requires teachers to have knowledge in science and mathematics, comprehensive
interdisciplinary knowledge, and the ability to integrate various fields of science, technology, and engineering into the educational process.
That calls for new approaches to building teachers' readiness that involve the development of cognitive abilities, including the ability to analyze
and critically think creativity, and the ability to innovate. In the article, we present a brief theoretical analysis of scientific sources of domestic
and foreign scholars, which allowed us to clarify the concept of "readiness of teachers of natural and mathematical disciplines to use STEM
technologies in their professional activities.” Considering the approaches to determining the readiness criteria, the criteria are formulated,
among which we single out the cognitive criterion, which characterizes the totality of knowledge and ideas about the nature of professional
activity, professional knowledge, skills, and abilities to implement STEM in the educational process. The indicators of the cognitive criterion
are highlighted: 1) "awareness in the field of STEM,"” which reflects the level of knowledge of the future teacher about current trends in the
development of STEM education and technologies used in STEM projects; 2) "comprehensive interdisciplinary knowledge,” which reflects
knowledge of various disciplines of the natural and mathematical cycle, as well as an understanding of interdisciplinary connections within
STEM and the ability of the future teacher to make connections. The methods of calculating indicators for determining the readiness levels of
teachers of natural and mathematical disciplines to use STEM technologies in their professional activities are described. The results of the
pedagogical experiment, which was processed according to the Student's criterion, are presented. It has been confirmed that the level of
formation of the knowledge component of readiness according to the indicators of the cognitive criterion (awareness of STEM and the
availability of comprehensive interdisciplinary knowledge) has positive dynamics in the experimental group.

Keywords: teachers of natural and mathematical disciplines, STEM, STEM technologies, cognitive criterion, training of future
teachers, professional training.

Problem statement. With global transformations and rapid technological development, the education
system requires new approaches to future teacher training. In particular, STEM education (Science,
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Technology, Engineering, Mathematics) has become one of the key tasks of educational reform in many
countries, including Ukraine. Successful implementation of STEM technologies depends on the readiness of
science and mathematics teachers to use these technologies in their professional activities effectively.
However, today there is a problem of insufficient training of teachers in STEM, which, in turn, affects the quality
of the educational process and the preparation of future generations for the requirements of modern society.
Because of this, the development of STEM education requires teachers not only knowledge in natural and
mathematical disciplines but also comprehensive interdisciplinary knowledge, and the ability to integrate
various fields of science, technology, and engineering into the educational process. This calls for new
approaches to building teacher readiness that involve the development of cognitive abilities, including the
ability to analyze and critically think, creativity, and the ability to innovate. Studying the dynamics of the
development of these abilities in teacher training is important for understanding the effectiveness of
educational programs and identifying areas for their improvement.

Analysis of current research. Taking into account our analysis of scientific literature [2; 3; 14], we
determine that "the readiness of future teachers of natural and mathematical disciplines to use STEM
technologies in professional activities” is a complex indicator that includes motivation, knowledge, skills,
personal qualities and practical experience necessary for the effective implementation and use of STEM
technologies in the educational process to improve the quality of education and develop students' key
competencies

By "developing the readiness of future science and mathematics teachers to use STEM technologies in
their professional activities" we mean a comprehensive pedagogical process based on the development and
integration of motivation, knowledge, skills, personal qualities, and practical experience necessary for the
future science and mathematics teachers to effectively implement and use STEM technologies in the
educational process to improve the quality of education and develop students' key competencies.

We have analyzed different approaches to defining criteria that characterize the readiness of future
science and mathematics teachers to use STEM technologies in their professional activities. This is because the
criteria allow us to evaluate the most developed areas of the studied characteristics and, conversely, the most
problematic ones.

V. Chornous, studying the formation of professional competence of students of pedagogical specialties,
includes the main criteria: motivational, cognitive, activity, and resultant [17]. When studying the formation of
research competence of future computer science teachers, I. Kryvoruchko identifies motivational and value,
content, informational, activity, behavioral, and evaluation, and reflection criteria [10]. T. Myroniuk in her work
[11] considers the motivational and value, cognitive and informational, practical and active components of
future teachers' training. A. Drozdova [8] distinguishes motivational and target, cognitive and value, and
creative and activity criteria

The analysis of various criteria establishes that the main components of the readiness of science &
math teachers to use STEM technologies are motivational, knowledge, praxeological, and personal (Fig. 1).

MOTIVATIONAL KNOWLEDGE
component component

PRAXEOLOGICAL
component

Fig. 1. Components of future science & math teachers ' readiness to apply STEM technologies
in their professional activities

The motivational component determines how much a future teacher wants to master and use STEM
technologies in their teaching. The knowledge component includes a wide range of knowledge necessary to
understand the essence of STEM education, the peculiarities of using STEM technologies in the educational
process, and the creation of effective learning environments for STEM projects. The praxeological component
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reflects the level of teachers' practical skills and abilities necessary to use STEM technologies effectively. The
personal component demonstrates the teacher's internal readiness for change, attitude to innovation, and
ability to self-develop and reflect in STEM.

The importance of the knowledge component in the study of future teachers' readiness is emphasized
by S. Barda [1], O. Vasylenko [5], V. Vizniuk and O. Buzduhan [6], N. Mulyar [13], M. Yatsiuk [21] and others.
Scientists argue that the competence or readiness of a future teacher is based on knowledge. Considering the
basic principles for defining criteria [4, 7, 9, 15, 16, 18, 19], we have developed a cognitive criterion
characterized by knowledge and ideas about the nature of professional activity in implementing STEM
technology. The criterion focuses not only on the amount of knowledge but also on its quality, the ability to
constantly update, critical thinking, analysis, and application of knowledge in specific pedagogical situations.
This ensures that future science & math teachers are prepared to use STEM technologies in their professional
activities effectively.

The paper’s purpose is to experimentally test the development of teachers' readiness to apply STEM
technologies in their professional activities by the indicators of the cognitive criterion.

Research methods. The following methods were used to achieve the goal:

theoretical: analysis and systematization of literature, works of domestic and foreign authors,
methodological materials, which define the conceptual and categorical apparatus of the study; classification
and generalization of different approaches to determining the criteria for the readiness of future teachers of
natural and mathematical disciplines to use STEM technologies;

empirical: pedagogical experiment;

statistical: Student's criterion for identifying statistically significant changes in the results of the
pedagogical experiment

Summary of the main results. The knowledge component of science and mathematics teachers'
readiness to apply STEM technologies in their professional activities is characterized by the following features:
deep theoretical knowledge (future teachers should have an understanding of the basic principles and concepts
of STEM education, including knowledge of modern scientific achievements, technical innovations, and
innovative pedagogical approaches) and knowledge integration (the criterion involves the ability to integrate
knowledge from different science and math disciplines to create a holistic educational process

The cognitive criterion is characterized by the indicators "STEM awareness" and "comprehensive
interdisciplinary knowledge" (Fig. 2).

ereflects the level of knowledge of the future teacher ereflects knowledge of various disciplines of the
about current trends in STEM education, natural and mathematical cycle and the ability of the
technologies used in STEM projects, as well as future teacher to establish links between them and
understanding of interdisciplinary connections other academic disciplines in the context of STEM
within STEM projects

Fig. 2. Indicators of the cognitive criterion

Based on the method of comparison, we characterized three levels of readiness of science and
mathematics teachers to use STEM technologies in their professional activities according to the cognitive
criterion:

—A low level in the defined indicators is characterized by limited knowledge of STEM education,
interdisciplinary connections, and knowledge of natural and mathematical disciplines. The future teacher
perceives each subject as a separate discipline, and has superficial knowledge of the basic concepts of STEM -
he or she may know the general definition of STEM, but not understand the depth and breadth of this concept.
Knowledge of STEM education's latest technologies, methods, and tools is limited. They also do not fully
understand the importance of integrating knowledge from different disciplines.

—The intermediate level is defined by primary STEM education, science, and mathematics knowledge.
Future teachers understand the basic principles of the STEM approach, and the importance of interdisciplinary
connections, but have difficulties in establishing them in practice. They have a general idea of modern
technologies and methods, but use them selectively, have sufficient knowledge in their subject area, and
partially have knowledge of other disciplines.

—High level is characterized by deep and systematic knowledge of STEM education, modern STEM
technologies, and knowledge of natural and mathematical disciplines. Future teachers will have a wide range
of technological tools and be able to apply them to solve complex educational problems. They will also know
the latest technologies and actively implement them.

The transition from one level to another occurs consistently and continuously from the lowest to the
highest. Each previous level is a prerequisite for the formation of the next one, and timely and objective
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determination of the level of readiness makes it possible to determine the ways of self-development and self-
improvement, which is one of the essential professional qualities of a modern science and mathematics teacher.

The dynamics of the formation of the knowledge component were tested during the pedagogical
experiment. The control group (CG) included 54 students who were taught according to traditional approaches
and curricula. The experimental group (EG) included 49 students who were taught using STEM technologies
based on a developed special course and mastering courses on digital educational platforms [21]. The groups
participating in the experiment were not specially selected, so they included students with different academic
performances in their respective disciplines. It should be noted that they all studied under similar curricula.
The material and technical support of the educational process was also the same. The formation of CGs and EGs
was carried out in such a way as to ensure statistical correspondence of the level of knowledge of students of
both groups

At the beginning of the pedagogical experiment, each indicator of the cognitive criterion of science and
mathematics teachers' readiness to use STEM technologies in their professional activities was tested by the
Student's t-test [12]. The methodology of statistical processing of the results of the pedagogical experiment on
the indicator of "STEM awareness" was to organize a test of STEM knowledge, which provides for the use of
different question formats and answer options. The test included 35 questions worth 1 point each. The results
are distributed by level as follows: low level (0-12 points), medium (13-26 points), high (27-35 points). Such
testing was offered to future teachers twice: at the beginning and the end of the experiment, based on which it
is possible to conclude the effectiveness of the proposed approaches to developing the readiness of teachers of
natural and mathematical disciplines to use STEM technologies in their professional activities

The overall results at the beginning and end of the experiment were distributed as follows (Fig. 3).

51,9% &1 geq STA% 5710
44.4% 46,9%

24,5%

Low Average High Low Average High

=CG ®EG
at the beginning of the experiment at the end of the experiment
Fig. 3. Distribution of levels for CG and EG groups by the indicator "STEM awareness»

Analyzing the diagrams at the beginning of the experiment, we can assume that the samples are
statistically identical. At the end of the experiment, we observe positive dynamics in both groups, but the
average score in the EG is higher. At the same time, it is necessary to check statistically whether the evaluation
results based on the Student's t-test are the same. Let's fix the significance level at 0.05 and build hypotheses:
the null hypothesis HO - the means are the same, the alternative H1 - the means are statistically different

Using the analysis package of the MS Excel spreadsheet processor, we have the following results
(Table 1).

Table 1.
Estimation of mean scores for the STEM Awareness indicator by group
(CG and EG at the beginning and end of the experiment)
Two-sample t-test with different variances CG | EG CG | EG
gae begm.nmg B at the end of the experiment
experiment
Average value 13,07 12,59 17,48 22
Number of students 54 49 54 49
Difference of means for the hypothesis Ho 0 0
t- statistics (experiment) 0,42 -3,18
t critical bilateral 1,98 1,98

According to the calculations, we find that for the CG and EG groups at the level of significance of 0.05
for the indicator "STEM awareness" the values of Txpum. = 1,98 more than a module Texcn. = 0,42 at the beginning
of the experiment and less than the module for Texsn. = - 3,18 at the end of the experiment. That means the
groups included in the pedagogical experiment are statistically the same at the beginning and statistically
different at the end, and random causes cannot explain this.
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Thus, the statistical analysis of the levels of distribution of academic achievement for the indicator
"STEM Awareness" in the CG and EG groups at the level of significance of 0.05 confirms the similarity of the
samples at the beginning of the experiment and their statistical difference at the end. For the indicator
"Comprehensive Interdisciplinary Knowledge", a test with general questions on natural and mathematical
disciplines and interdisciplinary connections was developed. The maximum number of points that can be
scored in the test is 25. The levels for the indicator are distributed as follows: 0-8 points - low level, 9-17 -
medium level, 18-25 - high level.

The overall results of students' testing at the beginning and end of the experiment were distributed as
follows (Fig. 4).

59.2% 59295 61,1% g1 29

14,8%

Average High Low Average High

=CG ®EG
at the beginning of the experiment at the end of the experiment

Fig. 4. Distribution of levels for CG and EG groups
by the indicator "Comprehensive interdisciplinary knowledge"

Based on the shape of the diagrams, we assume that the mean of the sample at the beginning and end
of the experiment are statistically identical. The checking based on the Student's t-test for estimating the means
using the statistical functions of MS Excel is in the table (Table 2).

Table 2.
Evaluation of statistical data of CG and EG for the indicator "Comprehensive interdisciplinary knowledge"
at the beginning and end of the experiment

CG | EG CG [ EG
Two-sample t-test with different variances at the begn'{nlng of the i i el 17 e e
experiment
Average value 13,59 12,78 14,96 16,69
Number of students 54 49 54 49
Difference of means for the hypothesis Ho 0 0
t- statistics (experiment) 0,87 -2,04
t critical bilateral 1,98 1,98

According to the calculations, we find that for the CG and EG groups at the level of significance of 0.05
for the indicator "STEM awareness" the values of Tipum. = 1,98 more than a module Texcn. = 0,87 at the beginning
of the experiment and less than the modulus for Texp = - 2.04 at the experiment end. The samples included in
the pedagogical experiment are statistically the same at the beginning and statistically different at the end, and
it cannot be explained by random causes.

Thus, the statistical analysis of the levels of academic achievement distribution for the indicator
"Comprehensive Interdisciplinary Knowledge" in the CG and EG groups at the 0.05 significance level confirms
the similarity of the samples at the beginning of the experiment and their statistical difference at the end.

Conclusions. The study confirmed the positive dynamics of the levels of readiness of teachers of
natural and mathematical disciplines to use STEM technologies in their professional activities according to the
indicators of the cognitive criterion. It has been established that the level of formation of the knowledge
component of readiness according to the indicators of the cognitive criterion (awareness of STEM and the
availability of comprehensive interdisciplinary knowledge) has a positive trend, which indicates the ability of
more future teachers to integrate STEM technologies into professional activities.
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