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STEM PROJECT AS A MEANS OF LEARNING MODELING FOR PRE-SERVICE
MATHEMATICS AND COMPUTER SCIENCE TEACHERS

Abstract. Modern science operates with various methods, among which modeling is one of the most
popular. The development of information technology allows the study of analogues (models) with
the most significant characteristics of the real object. Modeling activities have been considered as
useful teaching method in STEM education. Cloud services (like GeoGebra) are effective means for
STEM education. The paper features a methodology of forming modeling skills based on STEM
projects, which is grounded on modeling interesting curves of Analytic Geometry course. The
content of the methodology is a course in Computer Modeling, which includes a module "STEM
education and modeling”. The module idea is based on the formation of skills required to model
interesting curves (ellipse, hyperbola, parabola, conchoid of Nicomedes, limacon of Pascal,
strophoid, cissoid of Diocles, lemniscate of Bernoulli, Cassini oval, cycloidal curves, folium of
Descartes, witch of Agnesi, logarithmic spiral). The methodology provides 4 steps (Step 1 — the
teacher offers an example of a STEM project, which is discussed in class and solved by the teacher
using GeoGebra; Step 2 — students are divided into groups of 3-4 people; Step 3 — the teacher offers
a short STEM project (7-10 days), in which students model the curve; Step 4 — students offer their
own STEM project (15-20 days), the solution of which is based on the modeling of an interesting
curve). To test the effectiveness of the developed methodology, a pedagogical experiment was
organized (2019-2021), which was joined by Master's students majoring in "Secondary Education
(Mathematics)" and "Secondary Education (Computer Science)”. Makarenko Sumy State
Pedagogical University (Ukraine) was the experimental base. The effectiveness of the proposed
methodology is proved by the sign test at the significant level of 0.05.

Keywords: modeling skills; formation of modeling skills; teachers; STEM; STEM project;
GeoGebra; curve.

1. INTRODUCTION

Statement of the problem. Modern science operates with various methods, among which
modeling is one of the most popular. The development of information technology allows the
study of analogues (models) with the most significant characteristics of the real object.

Modeling activities have been considered as a useful teaching method in STEM
education [1]. Models and modelling can be used as a basis to foster an integrated and authentic
STEM education and STEM literacy [2]. Mathematical modeling findings may contribute to
theoretical conceptualization of STEM education [3].
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According to Ukraine’s Concept of Development of Natural Sciences and Mathematics
Education (STEM education) [4], STEM education is a holistic system of Natural Sciences and
Mathematics educational fields, the purpose of which is the development of a personality
through the formation of competencies, Natural Sciences worldview and life values using a
transdisciplinary approach to learning based on practical application of scientific,
mathematical, and engineering knowledge to solve practical problems for further use of this
knowledge and skills in professional activities.

The introduction of STEM education is entrusted to teachers of Natural Sciences and
Mathematics. This confirms the importance of modeling skills for teachers in the context of
successful implementation of STEM education in professional activities.

Analysis of the recent research and publications. Formation of Mathematics teachers’
modeling skills is the subject of a number of studies.

The importance of developing constructive skills of youth is emphasized in the findings
of E. Laksha [5], N. Kononenko [6], T. Ivanina [7], and the formation of modeling skills is
associated with the formation of research skills [8].

The development of computer technology led to the emergence of specialized
environments, where it became possible to model various objects (processes) based on a
constructive approach. At the same time, the widespread use of smartphones and tablets, which
have access to the Internet, has led to the emergence of cloud services, which also allow you to
model objects of different nature [9; 10].

STEM education, which combines Natural Sciences, Mathematics and Technologies,
involves the use of specialized software for its support. This is confirmed by a number of
findings. N. Budinski considers GeoGebra an effective tool for STEM education [11].
T. Kramarenko, O. Pylypenko, V. Zaselskiy [12] studied the possibilities of GeoGebra AR in
teaching Mathematics using the STEM approach.

Currently, there exist such mathematics modeling environments as Maple [13],
CoCalc [14], GeoGebra [15; 16]. Particularly, in [17] the methodology of formation of skills
required to model interesting curves based on GeoGebra cloud service with a constructive
approach is substantiated.

Thus, the analysis of recent research showed the existence of findings that substantiate
the importance of modeling skills for STEM education, confirm the feasibility of using
specialized mathematics software for STEM education, but demonstrated the lack of
established approaches to using STEM projects as a means of pre-service teachers” modeling
skills formation.

The goal of the paper is to describe a method of using STEM projects as a means of pre-
service teachers’ modeling skills formation and confirm its effectiveness.

2. RESEARCH METHODOLOGY

Theoretical methods (analysis of the results of scientific research on the specifics of the
STEM education implementation, on the specifics of the modeling skills formation based on
specialized software, analysis of empirical experience of teachers in the implementation of
STEM) were used to develop methods of using STEM projects in educational institutions of
different levels.

To test the effectiveness of the developed methodology, a pedagogical experiment was
organized (2019-2021), which involved Master's students majoring in "Secondary Education
(Mathematics)" and "Secondary Education (Computer Science)".

Makarenko Sumy State Pedagogical University was the experimental base. The total
number of respondents was 51 students.

The proposed methodology was implemented in the special course "Computer modeling™
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with a module "STEM education and modeling™: total of 18 hours, 6 class hours.

We had two tests based on the results of the first project and the results of the second
project.

Duration of the projects was 1-3 weeks. Each project was presented as a separate case
(applied problem), the solution of which is based on the modeling of an interesting curve.

The results of each project were evaluated by the following indicators (Table 1).

Table 1
Project evaluation indicators
Ne Indicator Mark
1 Ability to determine (formulate) the analytical relations between the 2
elements (construct a mathematical model of the problem)
2 Ability to take into account the geometric (constructive) relations between 2

the elements (the ability to construct a geometric model of the problem)
Ability to write an algorithm for a model construction

Ability to use GeoGebra computer tools ("Trace", "Locus", etc.)
Ability to interpret modeling results

Project presentation with case studies

o|o|h|w
Wik |k~

According to the goals of the experiment and the sign test, we formulated two hypotheses:

Ho: the method of using STEM projects does not impact the formation of modeling skills;

Ha: the method of using STEM projects impacts the formation of modeling skills.

The hypotheses were tested by the sign test, because the results of the tests were
dependent, and the marks were calculated additively [18].

3. RESULTS OF THE RESEARCH

3.1. STEM education around the world and features of its implementation in
Ukraine

If we analyze the scientific findings related to STEM education in general, we come to
the conclusion that the interpretation of STEM education is not unambiguous. So, in [19] STEM
education is an integrated course that combines two or more STEM fields (science, technology,
engineering and mathematics). O. Martyniuk [20], N. Balyk, G. Shmyger [21] interpret STEM
education as a series of curricula that develop practice-oriented skills using information
technology. In [22; 23] STEM education is considered as an educational process based on a
transdisciplinary approach to knowledge transfer and aimed at developing critical thinking and
cognitive flexibility in solving problem-oriented tasks. The interpretation of this concept is
different in [24; 25], where STEM education is interpreted as a technology of personalized
learning based on the integration of the content of Natural Sciences and Mathematics. In [26]
we have confirmation of the use of both project-based learning and solving interdisciplinary
cases [27].

These and other interpretations suggest that an interdisciplinary approach is important for
the characterization of STEM education, it integrates mathematics, science and technology and
focuses on self-acquisition of knowledge to solve real problems. M. Romero-Ariza,
A. Quesada, A. Abril consider that the use of realistic contexts brings a sense of meaning and
purpose to the learning taking place, increasing students' motivation and engagement [28].

We analyzed STEM education forms in the world and identified the most common:

— solving practical cases in the field [29] and at home [30];
— practical classes using narrative and interdisciplinary approaches in senior school [31];
— special courses [32];
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— consulting in the project activities [33].

In Ukraine, according to the Concept of STEM education development for the period up
to 2027 [4], the leading STEM-education forms are STEM cases, STEM contextual tasks,
STEM projects, coaching training, which fully correlates with the forms that have proven their
effectiveness in international educational platforms. At the same time, it should be emphasized
that the content analysis of Ukrainian educational resources shows in favor of project-based
learning as a form of STEM education, which prompted our choice of STEM projects in the
context of pre-service teachers’ modeling skills formation. An additional argument in favour of
the decision is that the experience of participating in STEM projects will allow students to
implement STEM projects in their future professional activities.

3.2. Description of the proposed methodology

Any technique involves five elements (Figure 1): purpose, content, forms, methods and
means.

Fig. 1. Components of the proposed methodology

The purpose of the proposed methodology is to form pre-service teachers' modeling skills
based on the implementation of STEM projects.

The content of the proposed methodology is the course "Computer Modeling", which
provides a module "STEM education and modeling™ (18 hours — 2 lecture hours, 4 practical
class hours).

The module idea is based on the formation of skills required to model interesting curves
(ellipse, hyperbola, parabola, conchoid of Nicomedes, limagcon of Pascal, strophoid, cissoid of
Diocles, lemniscate of Bernoulli, Cassini oval, cycloidal curves, folium of Descartes, witch of
Agnesi, logarithmic spiral).

The form of realization of the methodology is visualization lectures and practical classes.

Such teaching methods as problem method, netnography method, modeling method are
used.

STEM projects and GeoGebra mathematics software are the teaching means.

Basic knowledge of Analytic Geometry is required for the implementation of STEM projects.
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The methodology of using STEM projects for pre-service teachers' modeling skills
formation is as follows. At the first lesson a practical problem (STEM project), which is
discussed and solved together with the teacher, is offered. At this stage, the method of
netnography is used. Then students are divided into groups. Each group is offered some STEM
project, which requires teamwork. Students have to use mathematics software (GeoGebra) to
model a curve which is a solution to the problem (STEM project). They also have to present
the problem, its mathematical basis and the chosen solution. At this stage, the problem method
is used. The first project is for 7-10 days, after which there is a public project presentation. In
the process of project presentation, the strengths and weaknesses of the chosen solution are
discussed. Then, to consolidate the STEM projects skills, focused on the development of
modeling skills, students are invited to develop and implement another STEM project, the
solution of which requires modeling an interesting curve. The duration of the project increases
(15-20 days). If according to the results of the first project or in the process of its
implementation the modeling of curves was incorrect or students had difficulties with modeling,
they were recommended to study the module "Modeling interesting curves”, which is described
in [17].

Briefly, the methodology can be described as follows:

Step 1 — the teacher offers an example of a STEM project, which is discussed in class and
the solution of which is proposed by the teacher in the classroom using GeoGebra. Students
have to develop an algorithm for constructing the model presented by the teacher.

Step 2 — students are divided into groups of 3-4 people.

Step 3 —the teacher offers a short STEM project (7-10 days), to solve which it is necessary
to model an interesting curve. Based on the results of the project activity, the project is presented
and discussed, the strengths and weaknesses of the constructed models are determined. If the
modeling of the practical problem solution occurred with errors or the students are not able to
model the curve on their own, they are recommended to study "Modeling of interesting curves".

Step 4 — students offer their own STEM project (15-20 days), the solution of which is
based on the modeling of an interesting curve. The project is presented.

We will briefly demonstrate the practical application of the developed methodology.

The teacher formulates the problem. Develop a springboard for a skate park that could be
overcome in the shortest time.

Mathematical model. In the vertical plane, two points A and B are given, which do not
lie on the same vertical axis. Determine the curve, descending which under the influence of its
own weight, the material point will pass from A to B in the shortest time.

History of the discovery of the curve (netnography method). Galileo Galilei was the first
to study the cycloid in 1590, and named it. In 1696, I. Bernoulli formulated the problem of
finding the curve of the fastest descent — "brachystochron" (from Greek "Bpdyiotog" — the
shortest and "ypdovog" — time), i.e. the curve of the shortest time.

It is clear that the shortest path from point A to point B is the segment AB. However, with
such a straight line, the speed is gained slowly and the time spent on the descent is greater.
Moreover, "brachystochron” also has another remarkable property: a heavy body placed at any
point in the arch of the cycloid reaches the horizontal at the same time.

G. Leibniz, 1. Newton, G. Lopital and J. Bernoulli were the mathematicians who solved
this problem. They proved that the required curve is an inverted cycloid. The methods
developed by these scientists in solving the problem of "brachystochron™ launched a new
direction in mathematics — calculus of variations.

Definition of the curve. A cycloid (from Greek kvkAogidnc — round) is a curve generated
by the point of a circle rolling in a straight line.

Then the teacher demonstrates an example of a ready-made model of a cycloid (Fig. 2-
3), and offers to describe the algorithm for its construction to students.
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Fig. 2. Construction of a cycloid using Trace tool

A = (-10.09, -0.29) e
B = (6.05, -0.25) :
£ Npama(A, B)

— -0.04x + 16.14y = -4.28

g: ﬂepneu,anynapﬂal'lpﬁma(A,Et
= -16.14x - 0.04y = 162.86

€ = Towa(e) '
— (-10.09, 0.92)

f : Mpama(C, £)
— -0.04x + 16.14y = 15.23

D = Touxa(f)

— (-6.45, 0.93)

h = Biapizok(C, A)

- 121

c: Kono(D, h)

— x* +y? + 12.9x - 1.86y =

n(e (e

Fig. 3. Construction of a cycloid using Locus tool

After the discussion, students are expected to suggest the following algorithm.
Let the circle o roll on the line I. Construct a curve generated by a point lying on the

circle .

Algorithm for a cycloid model constructing
1. Construct a line I.
2. Construct a point A on the line | and construct a line through it, perpendicular to the

line I

3. Construct an arbitrary point C on the perpendicular line and construct a line g

passing through it, parallel to I (dashed line).

4. Construct an arbitrary point D on the parallel line g.
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5. Construct the circle o with centre D and radius AC.

6. Construct the point E — the point of tangency of the circle o with the line .

7. Suppose that in the initial position the centre D of the circle o coincides with the point
C. If we move the point D along the line g, it will move, and the line | will remain tangent to it.
Make the circle o rotate around it when moving the centre to create the illusion that the circle
o is rolling on the line I. Only one point G of the circle ® needs to be investigated. Suppose
that at the initial moment this point coincides with the point E, i.e., is the point of tangency of
the circle o and the line I. If the circle  is shifted by the segment AE, then the desired point G
of the circle will rotate around the point D by the angle ¢[1£EDG, i.e. will be shifted by the
length of the arc EG.

8. Construct the point G, which is obtained from the point E by rotating around the
. 180%-AE

point D by the angle —

9. Hide the point E.

10. Make the point G leave a trace by rolling the point D on the line | (Fig. 2).

11. Use the Locus tool: the point G is the “pencil point”, the point D is the “driver
point” (Fig. 3).

Next, the lecturer offers students to explore the analytical equation of the curve, which is
described through the parameter.

Let the line along which the circle of radius r rolls be the abscissa, then the parametric

equation of the cycloid is

{x =rt—rsinty =r —rcost.

Study of the curve and establishment of properties (problem method). When a cycloid is
constructed, we pass to establishment of its properties at the level of practical research.

Cycloid is periodic function along the abscissa, with a period of 2zr. Period limits are
special points (return points) t=2rk, where k is an arbitrary integer.

To tangent to the cycloid at any point A, it is sufficient to connect this point with the
upper point of the circle. When the point A is connected to the lower point of the circle, we get
the normal.

The length of the cycloid arch is 8r.

The area under each arch of the cycloid is three times larger than the area of the circle
which generates it.

The radius of curvature of the first arch of the cycloid is 4rsin %

The "inverted"” cycloid is the fastest descent curve (brachystochron). Moreover, it also
has the property of tautochrony (from Greek "tavtilo&" — the same, "ypovog" — time): a heavy
body, which is placed anywhere in the arch of the cycloid, reaches the horizontal at the same
time.

The period of oscillation of a material point sliding on an inverted cycloid does not depend
on the amplitude, this fact was used by Huygens to create an accurate mechanical clock.

The cycloid evolute is a cycloid congruent with the original, namely shifted parallel so
that the vertices pass into the "tip".

After the lecture, students are invited to split into groups and join the STEM projects.

1. The calculation of the action of the kneading machine consists of a description of the
trajectory of the point belonging to the working body. The trajectory of the working body does
not always fill the container with the substance, as a result, the mixing time increases, which
leads to unnecessary energy consumption. Determine the optimal trajectory of the point of the
mixer working body [34] (the curve is an epicycloid).

2. Determine the shape of audio tracks on CDs and DVDs (the curve is Archimedes'
spiral).
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3. Determine the most optimal shape of the tramway in places where the tram makes a
turn of small radius (the curve is lemniscate of Bernoulli).

4. Determine the shape of the rotating knife profile of the cutting machine so that the
cutting angle, i.e. the angle between the knife blade and the direction of its rotation speed,
remains constant along the entire edge of the movable knife to ensure minimum wear (the curve
is logarithmic spiral).

5. Determine the curve that determines the pattern of the microphone, i.e. the area of
possible location of the sound source, within which there is no significant loss of microphone
efficiency (the curve is cardioid).

At the same time consultations are possible. If the teacher sees that the models are not correct
or the modeling process is difficult for students, the students are encouraged to study the module
"Modeling interesting curves” [17].

In 7-10 days students have to present the projects and discuss them.

At the next stage, students are invited to develop their own STEM project, which takes
15-20 days to complete. A required condition of the creative task is that the solution of the
STEM project should be based on the modeling of an interesting curve.

3.3. Statistical analysis of results

The methodology of using STEM projects as a means of pre-service teachers' modeling
skills formation has proven its effectiveness. Two tests were made: after the implementation of
the first project and after the implementation of the second project. The marks were calculated
according to the indicators in Table 1. Based on these marks, we determined the number of
respondents whose overall score decreased (**-"), did not change ("0") and increased ("+"). The
dynamics of marks is shown in Table 2.

Table 2
Dynamics of results
Dynamics Positive, «+» Without Negative, «» Number of changes,
changes, «0» N=«—»+«+»
Number of respondents 16 32 3 19

According to the decision-making rule [18] we have: n=19 (as the number of changes in
the results, the last column of Table 2), Texp=16 (as positive dynamics or the number of "+"
signs). Then for the significance level of 0.05 the area of acceptance of the null hypothesis is
the interval [6, 14].

Since Texp=16 goes beyond the interval, we accept the alternative hypothesis with the
conclusion that the developed methodology of using STEM projects contributes to the pre-
service teachers' modeling skills formation.

4. CONCLUSIONS AND PROSPECTS FOR FURTHER RESEARCH

According to the analysis of scientific findings, it is confirmed that STEM education is
an interdisciplinary approach that integrates Mathematics, Science and Technology, and
encourages students to independently acquire knowledge through solving real problems. The
most common forms of implementing STEM education are solving practical cases in the field;
practical classes using narrative and interdisciplinary approaches in senior school; special
courses; consulting in the process of project activities.
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In Ukraine, the leading forms of STEM education are STEM cases, STEM contextual
problems, STEM projects, coaching training. Content analysis of Ukrainian educational
resources also shows that project-based learning as a form of STEM education is in focus.

To support STEM education, information technologies are involved, which enable the
organization of independent search and development of cognitive skills of young people.

The proposed methodology of modeling skills formation based on STEM projects is
based on modeling interesting curves of Analytic Geometry course and provides 4 steps (Step 1
— the teacher offers an example of STEM project, which is discussed in class and solved by the
teacher using GeoGebra; Step 2 — students are divided into groups of 3-4 people; Step 3 — the
teacher offers a short STEM project (7-10 days), in which students model the curve; Step 4 —
students offer their own STEM project (15-20 days) , the solution of which is based on the
modeling of an interesting curve). Its effectiveness is proved by the sign test at the significant
level of 0.05.

The conducted pedagogical experiment additionally confirmed that the use of GeoGebra
to support STEM projects is an effective means of forming pre-service mathematics and
computer science teachers’ modeling skills.

REFERENCES (TRANSLATED AND TRANSLITERATED)

[1] Y. Kim, and M. Park, “Pre-service teachers' perspectives on modeling activities”, presented at the 9th
International Conference on Education and New Learning Technologies (EDULEARN). Barcelona,
SPAIN. pp. 9738-9743. (in English)

[2] J. Hallstrom, and R. Schonborn, “Models and modelling for authentic STEM education: reinforcing the
argument”. International Journal of STEM Education. no. 6 (22), 2019. doi: 10.1186/s40594-019-0178-
z. (in English)

[3] M. Kertil, and C. Gurel, “Mathematical Modeling: A Bridge to STEM Education”. International Journal
of Education in Mathematics Science and Technology. No 4 (1), pp. 44-55, 2019. doi:
10.18404/ijemst.95761. (in English)

[4] Concept of Nature and Mathematics Education Development (STEM education), 2020. [Online].
Available: https://zakon.rada.gov.ua/laws/show/960-2020-%D1%80#Text. (in Ukrainian)

[5] E. Laksha, “The role of students’ constructive skills in preparation for professional activity”, presented
at the Conference Creativity and research in mathematics education, pp. 41-43, 2008. (in Russian)

[6] N. Kononenko, “Features of the development of the constructive component of mental activity in the fild
of geometry in schoolchildren”. Scientific notes of the Trans-Baikal State University. Series: Physics,
mathematics, engineering, technology, pp. 128-131, 2010. (in Russian)

[71 N.Ivanina,“The role of constructive activity in the development of the child”. Bulletin of the
Krasnoyarsk State Pedagogical University, 19-23, 2010. (in Russian)

[8] V. Pikalova, and L. Novakovska, “Formation of research skills of students in studying the topic second
level curves”, presented at the All-Ukrainian Conference Designing a learning environment as a
methodological problem, pp. 107-109. (in Ukrainian)

[9] O. Markova, S. Semerikov, and M. Popel, “CoCalc as a learning tool for neural network simulation in
the special course "Foundations of mathematic informatics”. CEUR Workshop Proceedings, 2104, pp.
388-403, 2018. (in English)

[10] S. Semerikov, I. Teplytskyi, Y. Yechkalo, O. Markova, V. Soloviev, and A. Kiv,“Computer simulation
of neural networks using spreadsheets: Dr. Anderson, welcome bac”. CEUR Workshop Proceedings,
2393, pp. 833-848, 2019. (in English)

[11] N. Budinski, “An Example how Geogebra can be Used as a Tool for STEM™. International Journal for
Technology in Mathematics Education. no. 4 (3), pp. 149-153, 2018. doi: 10.1564/tme_v24.3.07. (in
English)

[12] T. Kramarenko, O. Pylypenko, and V. Zaselskiy, “Prospects of using the augmented reality application
in STEM-based Mathematics teaching”, presented at the 2nd International Workshop on Augmented
Reality in Education (AREDU 2019), pp. 130-144, 2019. (in English)

[13] J. Hrebicek, and M. Rezac,“Modelling with Maple and Maplesim”, presented at the 22nd European
Conference on Modelling and Simulation, Proceedings,pp.60, 2008. (in English)

54


https://www.webofscience.com/wos/author/record/29100143
https://www.webofscience.com/wos/author/record/9378689
https://www.webofscience.com/wos/woscc/general-summary?queryJson=%5B%7B%22rowBoolean%22:null,%22rowField%22:%22CF%22,%22rowText%22:%229th%20International%20Conference%20on%20Education%20and%20New%20Learning%20Technologies%20(EDULEARN)%22%7D%5D&eventMode=oneClickSearch
https://www.webofscience.com/wos/woscc/general-summary?queryJson=%5B%7B%22rowBoolean%22:null,%22rowField%22:%22CF%22,%22rowText%22:%229th%20International%20Conference%20on%20Education%20and%20New%20Learning%20Technologies%20(EDULEARN)%22%7D%5D&eventMode=oneClickSearch
https://www.webofscience.com/wos/author/record/2488397
https://www.webofscience.com/wos/author/record/1808997
https://www.webofscience.com/wos/author/record/4924006
https://www.webofscience.com/wos/author/record/9572183
https://zakon.rada.gov.ua/laws/show/960-2020-%D1%80#Text
https://www.webofscience.com/wos/author/record/4665778
https://www.webofscience.com/wos/author/record/44374705
https://www.webofscience.com/wos/author/record/44343307
https://www.webofscience.com/wos/author/record/44343307

DOI: 10.33407/itlt.v90i4.4946 ISSN: 2076-8184. Information Technologies and Learning Tools, 2022, Vol 90, Ne4.

[14] K. Vlasenko, O. Chumak, D. Bobyliev, I. Lovianova, and I. Sitak, “Development of an onlinecourse
syllabus “Operations research oriented to cloud computing in the CoCalc system ”. CEUR Workshop
Proceedings, 2740, pp. 278-291, 2020. (in English)

[15] E. Semenikhina, M. Drushlyak, Yu. Bondarenko, S. Kondratiuk, and N. Dehtiarova, “Cloud-based
service GeoGebra and its use in the educational process: the BYOD -approach”. TEM Journal. no. 8, pp.
65-72, 2019. doi:10.18421/TEM81-08. (in English)

[16] O. Hrybiuk,“System of dynamic mathematics of GeoGebra as a means of supporting general and special
abilities of students in the process of research learning: practical work experience”. Physical and
Mathematical Education, no. 2(24), pp. 37-51, 2020. (in Ukrainian)

[17] M. Drushlyak, O. Semenikhina, V. Proshkin, S. Kharchenko, andT. Lukashova,“Methodology of
formation of modeling skills based on a constructive approach (on the example of GeoGebra)”,presented
at 8th Workshop on Cloud Technologies in Education (CTE 2020), pp.458-472, 2020. (in English)

[18] M. Grabar, and K. Krasnjanskaja,“Application of mathematical statistics in pedagogical researches.
Nonparametric methods”. Moscow: Pedagogika, 1977. (in Russian)

[19] C. Yata, T. Ohtani, and M. Isobe, “Conceptual framework of STEM based on Japanese subject
principles”.  International Journal of STEM Education. no. 7 (12), 2020. doi:
https://doi.org/10.1186/s40594-020-00205-8. (in English)

[20] O. Martyniuk, “ STEM technologies as a means of teachers’ and students’ information and digital
competence formation”. Collection of scientific works of lvan Ogienko Kamyanets-Podilsky National.no.
24, pp. 18-22, 2018. (in English)

[21] N. Balyk, and G. Shmyger, “Approaches and Peculiarities of Modern STEM Education”. Physical and
Mathematical Education. no. 2 (12), pp. 26-33, 2017. (in Ukrainian)

[22] Yu. Botuzova, “Geogebra Dynamic Models At The Mathematics Lessons As A Stem-Approach”.
Physical and Mathematical Education. No 3 (17), pp.31-35, 2018. (in Ukrainian)

[23] E. Hom, “What is STEM Education? Live Science Contributor”, 2022. Available:
http://www.livescience.com/43296-what-is-stem-education.html. (in English)

[24] O. Stryzhak, I. Slipukhina, N. Polikhun, and I. Chernetckiy, “STEM Education: Main Definitions”.
Information  Technologies and Learning Tools. no. 6(62), pp.16-33, 2017. doi:
https://doi.org/10.33407/itlt.v62i6.1753. (in Ukrainian)

[25] B. Oliynyk, O. Samoylenko, I. Batsurovska, and H. Dotsenko, “STEM education in the system of
training of future engineers”. Information Technologies and Learning Tools. no. 6 (80), pp. 127-139,
2020. doi: https://doi.org/10.33407/itlt.v80i6.3635. (in Ukrainian)

[26] Z. Zhao, “Progress of STEM Education Policy in the United States”. Shanghai: Shanghai Science and
Technology Education Press, 2015. (in English)

[27] J. Qin, and G. Fu, “STEM Education: Interdisciplinary Education Based on Real Problem Scenarios”.
China Educational Technology. No 4, pp. 67-74, 2017. (in English)

[28] M. Romero-Ariza, A. Quesada, and A. Abril, “Realistic contexts and inquiry to enhace stem education:
in-depht views in case studies”, presented at the 13th International Technology, Education and
Development Conference (INTED2019). Pp. 9954-9959, 2019. doi: 10.21125/inted.2019.2496. (in
English)

[29] Meaningful Math. [Online]. Available: https://activatelearning.com/meaningful-math/. (in English)

[30] M. Yan,“Case study of STEM education in the family”, presented at the 3rd International Conference on
Economics, Social Science, Arts, Education and Management Engineering (ESSAEME 2017), 2017.
https://doi.org/10.2991/essaeme-17.2017.463. (in English)

[31] J. Hsiao, S. Chen, W. Chen, and S. Lin,“Developing a plugged-in class observation protocol in high-
school blended STEM classes: Student engagement, teacher behaviors and student-teacher interaction
patterns”. Computers and Education, 178, 2022. doi:10.1016/j.compedu.2021.104403. (in English)

[32] T. Wang, L. Wang, L. Fu, and L. He, “The novel STEM practice course and industrial robot educational
platform via university-middle school collaboration”. In: Yan, L., Duan, H., Yu, X. (eds) Advances in
Guidance, Navigation and Control. Lecture Notes in Electrical Engineering, vol 644. Springer,
Singapore, 2022. doi: https://doi.org/10.1007/978-981-15-8155-7_316. (in English)

[33] M. Skowronek, R. Gilberti, M. Petro, C. Sancomb, S. Maddern, and J. Jankovic, “Inclusive STEAM
education in diverse disciplines of sustainable energy and AI”. Energy and Al. no. 7, 2022.
doi:10.1016/j.egyai.2021.100124. (in English)

[34] A. Dashkevich, “Geometric modeling of schemes of action of planetary kneading machines”. Ph.D.
dissertation, National Technical University “Kharkiv Polytechnic Institute”, Kharkiv, 2008. (in
Ukrainian)

Text of the article was accepted by Editorial Team 15.04.2022

55


https://doi.org/10.1186/s40594-020-00205-8
http://www.livescience.com/43296-what-is-stem-education.html
https://doi.org/10.33407/itlt.v62i6.1753
https://doi.org/10.33407/itlt.v80i6.3635
https://www.webofscience.com/wos/author/record/45020372
https://www.webofscience.com/wos/author/record/958249
https://www.webofscience.com/wos/author/record/958249
https://activatelearning.com/meaningful-math/
https://doi.org/10.2991/essaeme-17.2017.463

DOI: 10.33407/itlt.v90i4.4946 ISSN: 2076-8184. Information Technologies and Learning Tools, 2022, Vol 90, Ne4.

STEM IPOEKT SK 3ACI5 HABYAHHS MOJIEJTIOBAHHS MAUBYTHIX

BUUTEJIIB MATEMATHUKU TA IHOOPMATUKHA

Cemenixina Onena BoixogumupiBua

JIOKTOP TearoTivHuX HayK, podecop, 3aBiqyBauka Kadenpu iHpopMaTuKu

Cymchekuii gep>kaBHUI egaroriuauii yHiBepcuret iMeHi A. C. Makapenka, M. Cymu, Ykpaina
ORCID ID 0000-0002-3896-8151

e.semenikhina@fizmatsspu.sumy.ua

JApymnsik Mapuna I'puropisaa

JIOKTOP MeNaroriyHux HaykK, IOLEHT, JOIEHTKa Kadeapr MaTeMaTHKH

CyMchKHii gepxkaBHUi nenaroriunuid yHiBepcutet iMeHi A. C. Makapenka, M. Cymu, Ykpaina
ORCID ID 0000-0002-9648-2248

marydru@fizmatsspu.sumy.ua

MMumenko Inna Borogumupisua

KaHIUIAT MeJaroriyHuX HayK, IOLCHT, JOICHTKa KaeApH MaTeMaTHKH

Cymchekuii nepkaBHUI meparoriyauil yHiBepeuret imeHi A. C. Makapenka, M. Cymu, Ykpaina
ORCID ID 0000-0002-1026-5315

shiinna@ukr.net

AnoTtanisa. Hayka cporomsi omepye pi3sHOMaHITHUMH METOAAaMH, Cepel SKUX IMPOBITHUM CIIiJ
BU3HATH MOJICJIIOBAHHS, SIKE 3aBISIKH PO3BUTKY 1H(OpMamiiHUX TEXHOJOTIH YMOMKIHBIIOE
JIOCIIJDKEHHSI aHaJIoTiB (Mojenel) 3 HaWCYTTEBIIIMMU XapaKTEPUCTHKAMH DPEAIbHOTO 00’€KTa.
MopentoBaHHs pO3MIIIgaeTbes SK KopucHuW meroj HaBuaHHis STEM-ocsiti. XwmapHi cepsicu
(mampuknan, GeoGebra) e edektuBHUM 3aco0oM HaBuanHS STEM. ABTOpchka MeTOAMKA
(dhopMyBaHHS BMiHb MOJIe/t0BaTH Ha 0CHOBI STEM-Ipo€KTiB 0a3yeThCsl Ha MOJICITIOBAHHI I[IKaBUX
KPHBUX KypCy aHAJIITHYHOI TeoMmerpii. ABTOpChKa METOIMKAa peaji3oBaHa MiA Yac BHBYCHHS
mucnuiutian  «KoMIT'toTepHe MOJCTIOBaHHA», y sKiii mepemdadeno moayns «STEM-ocsita i
MOJICITIOBaHHY. Inest peamizamii MOy cimpaeThcsl Ha (OpMyBaHHS BMIiHb MOJCIIOBATH ITiKaBi
KpuBi (emninc, rimepOoia, mapadona SK KpUBiI Jpyroro MOpsaKy Ta KoHxoima Hikomena, paBimk
IMackans, crpodoina, muccoina diokneca, nemuickarta beprymi, minis Kaccini, nukmoina, JmcT
Hexapra, TokOH AHBE3i, JorapudmigHa cmipans). Meromuka nependavae 4 kpoku (1 Kpok —
BUKJIaJladeM HporoHyeTbess npukian STEM-mpoekry, sikuii OOTOBOPIOETHCS Ha 3aHATTI 1
PO3B’A3aHHS SIKOTO IPONOHYEThCS BUKIagaueM 3 BuUkopucTanHIM GeoGebra; 2 kpok — cTyaeHTH
po30uBaroThCs Ha rpymu 3 3-4 ocib; 3 kpok — Bukianad npornonye koporkuit STEM-npoexr (7-10
JIHIB), 32 SIKUM CTYJJCHTH CAMOCTIHHO MOJIEIIIOIOTH KPUBY; 4 KPOK — CTYJCHTH IIPONIOHYIOTH BIIACHU I
STEM-npoexT (15-20 nHiB), po3B’s3aHHs SKOTO 0a3yeThCsl HA MOZEIIOBaHHI 1ikaBoi KpuBol). Jlis
nepeBipkHu eheKTHBHOCTI po3p00IICHOT METOIMKH OPTaHi30BaHO IearorivHuii ekcrepument (2019-
2021 p.p.), OO SKOTO NOIYYHIHCH cTyneHTH marictparypu «Cepemns ocita (Martemarnka)» Ta
«Cepenns ocsita (IHpopmaruka)». ExcnepumenrtanpHOor0 0azoro Oy CyMCBKHH IepKaBHHA
nenaroriyamii  yHiBepcuter imeHi A. C. Makapenka (Ykpaina). EdQexTuBHICTH aBTOPCHKOI
METOAMKH OYJIO MiATBEpIKEHO3a KPUTEPieM 3HAKIB Ha piBHI 3HauymmocTi 0,05.

Karuosi cioBa: ymiHHS MoenmoBaTH; (opMyBaHHsS BMiHb MonemoBaty; yauteni; STEM; STEM-
npoekT; GeoGebra; KpuBi.
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