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Abstract

The issues of application of projects implemented with the help of computer
modeling within the framework of STEM-education, which is fundamentally
different from traditional teaching, are considered. This system creates condi-
tions for development and improvement of analytical and creative abilities of
students, gives them an opportunity to try themselves in teamwork, and de-
velops their independence in acquiring new knowledge. This type of activity
contributes to the integration of academic subjects, the formation of students’
skills of using modern technologies and modeling in their activities. Indepen-
dent creation of models gives students the opportunity to better understand the
basic properties of objects, phenomena, processes, their studied components,
and the relationship between them. The study of models develops in children
the skills of analysis, synthesis, critical thinking, and methodical approach to
content realization by means of computer modeling within the framework of
project-based activities. The results of the research into the use of computer
modeling as a means of implementing project activities in STEM-education are
presented. The conception of the research was cross-cutting skills common for
all key competencies would be formed among those who receive education after
the STEM-projects implementation. Cross-cutting skills are formed in all sub-
jects and are common to the key competencies. In the course of the study we
have come to the conclusion that after the implementation of STEM-projects
the distribution of cross-curricular skills common to all key competencies of
education applicants has changed.
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Skills

1. Introduction

The scientific and technical and socio-economic development of Ukraine in the
con-text of globalization is aimed at achieving European standards of living.
Only effective interaction of economy, science, education and the use of innova-
tive technologies in all spheres of society will allow achieving the intended goal.

Modern development of economy, science and technology requires future
specialists to possess absolutely new competencies on the edge of several
branches, in particular science, technology, engineering and mathematics
(Morse et al., 2018). This global trend is related to the growing importance of
human resources for the complex technological world, where the importance of
raw material resources is reduced due to new economic and environmental solu-
tions based on nano- and digital technologies (Schmiger & Vasilenko, 2017). In
this regard, there is a need for specialists with innovative thinking and potential,
who are able to solve non-standard problems and offer modern engineering so-
lutions based on their ideas and hypotheses. Therefore, the education system
should meet the requirements of the present time and the needs of the individu-
al, quickly responding to dynamic changes in society.

The aim of the study is to implement project-based activities by means of

computer modeling to implement STEM-education.

2. Presentation of the Main Research Results

2.1. Literature Review

One of the ways to solve this problem is the spread of STEM-education (S—science,
T—technology, E—engineering, M—mathematics), where the leading place is occu-
pied by practice that combines branched knowledge into a single whole Yakman, G.
(2019).

The problems and prospects of STEM-education are considered in their stu-
dies by such scholars as Georgette Jackman, George Lucas, Jonathan W. Gerlach,
N. Balik, S. Galata, N. Goncharova, O. Korshunova, N. Morse, A. Strizhak, and
others. However, the practical issues of implementing STEM education by
means of computer modeling require further research and scientific develop-
ment.

STEM-education is fundamentally different from traditional education, it
creates conditions for development and improvement of analytical and creative
abilities of schoolchildren, gives them an opportunity to try themselves in
teamwork, develops independence in obtaining new knowledge.

Theoretical analysis of the sources on STEM-education allowed us to identify
three key features that distinguish it from the traditional educational system.

The essence of them is the following:
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o firstly, thanks to STEM-education children have more time and opportunities
for independent preparation, they learn to identify problems and search for
their solutions autonomously by active purposeful and assimilated activity;

e secondly, through participation in teamwork, participants in the educational
process have the opportunity to share their analytical and creative findings
and mistakes with other team members; students solve problems and create
projects together;

e thirdly, STEM-education cultivates and encourages mutual support and as-
sistance in solving educational tasks.

One of the key differences between STEM-education and traditional educa-
tion is the development of learning skills as opposed to memorization of materi-
al, which is more typical for most educational institutions. Modern students
need independent work, the ability to generate new ideas, work in a team of
peers, solve cognitive problems, and search for errors in their activities with their
subsequent correction (Goncharova & Patrikeeva, 2020). All this is the basis of
STEM-education, making it one of the most important trends in modern educa-
tion.

Thus, we can confidently say that STEM-education contributes to the devel-
opment of leadership skills of students, which are necessary for the young gen-
eration in any field of activity.

STEM-education creates a solid foundation for successful further education and
mastering many areas in professional activity if it is implemented competently and
comprehensively. A distinctive feature and the main idea of STEM-education is
the understanding that not only theoretical but also practical (applied) knowledge
is important for student development and learning, as well as independence in
achieving it. It follows that the STEM approach is not so much a certain teaching
method as a certain way of thinking. Students will be equipped not only with
knowledge, but also with the ability to solve problems, the algorithm of over-
coming difficulties with the support of interdisciplinary knowledge and joint
work will become clear to them (Korshunova et al., 2020).

As evidenced by the results of the analysis of scientific research, modeling at
school can be used in the study of any subject. In this case, scientists are primar-
ily focused on the creation of models that do not require additional tools, in-
struments and materials. For example, in their research T. Kramarenko and A.
Pilipenko (Kramarenko, Pylypenko, & Zaselskyi, 2019) consider the possibility
of using systems and Gran GeoGebra in the educational process in order to
create mathematical models for solving problems in the classroom (Kramaren-
ko, Pylypenko, & Zaselskyi, 2019).

2.2. Method

The study was conducted on the basis of the following educational institutions:
Educational institution Lyceum 157 of Kyiv, Shostka educational complex: spe-

cialized school of III degrees-lyceum of Shostka town council of Sumy region
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and Bila Tserkva general education school I-III stages of 18 Bila Tserkva town
council of Kyiv region.

During the year, the educational institutions implemented STEM projects in
different areas. Students in grades 9 and 10 participated in the study. The total
number of students who participated in the experiment was 102. Teachers of
computer science, mathematics, physics, chemistry, and labor training were also

involved.

2.3. Modeling in STEM

The educational system strives to solve the main educational task—to develop
students’ abilities. This becomes possible when working within the framework of
STEM-education, thanks to the view of the learning process and education in
general can be changed. STEM-education, as mentioned above, emphasizes the
independence of participants in the educational process in obtaining new know-
ledge, so that students have the opportunity to improve and strengthen willpow-
er, develop creativity, communication skills during teamwork.

The key feature of STEM education, which should be emphasized, is the inte-
raction of participants in the educational process in terms of teamwork, it is the
joint activity that is relevant to the activities in the process of creating and de-
fending projects. Thanks to project-based activity students get an opportunity to
activate the creative, emotional, creative component of their personality.
Project-based activities can be carried out to build different models in any in-
dustry.

Modeling is one of the important tools for forming the life competencies of
the modern student. When modeling, comprehensive analysis of created, search
for alternative solutions and improvements, skills of logical, creative, critical
thinking are formed; pupils get an opportunity to highlight the main features
and characteristics of modeling objects. At the same time, educational institu-
tions experience difficulties when choosing programs and tools for the imple-
mentation of this direction in the conditions of practical activity with students.

Building a computer model is the technology that helps observe and study
phenomena and processes in dynamics, perform multiple tests of the model, ob-
tain various quantitative indicators in numerical or graphical representation, in
particular those that require performing complex, numerous or time-consuming
calculations (Morse et al., 2020).

Focusing on the modern labor market, educational specialists radically revise
curricula directly related to the preparation of the younger generation for new
roles in society, mastering of the new generation of such technologies, know-
ledge, skills, which will meet the needs of a digital society in the future. That is
why today the approach to education has changed, as well as the requirements
for the acquired knowledge of students. Schools are introducing research activi-
ties, through practice-oriented learning to help motivate students to make new
discoveries. Teachers began to resort to the practice of STEM-education, which

is based on midsubjects, the integration of certain scientific branches into a sin-
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gle learning system to solve specific problems from real life (Balik et al., 2018).

STEM-education is organized in such a way that students have an opportunity
to practically apply theoretical knowledge in the process of implementation of
their educational-research and project-creative activities, and doing it con-
sciously.

Thanks to STEM-education students can develop in several subject areas at
once—computer science, physics, technology, engineering and mathematics,
realizing that there is an applied nature to the investigated, boring, theory:
STEM-skills and scientific-research, engineering, mathematical and design
technologies (Andrievskaya & Bilousova, 2017).

The changes taking place in today’s digital society increase the requirements
for the level of digital competencies of a specialist. Under these conditions, the
development of electronic forms of learning, the use of digital learning tools
(computers, tablets and others) to form elementary digital skills (competencies)

and skills for the implementation of project activities becomes relevant.

2.4. Design in STEM

The essence of STEM technology is that it is based on the engineering approach
to invention. To get a product, it is necessary to design it, i.e. to describe or vi-
sualize an object that does not yet exist, which should be invented and presented
(Balik et al., 2018).

The first step in designing is to set the problem. Next, it is necessary that the
result corresponds to a certain goal. For this purpose, research is carried out,
knowledge from different areas is applied, which are combined to obtain effec-
tive solutions. In the process of such activity, the student’s understanding of the
world is formed. STEM technology successfully complements school education
in technical subjects, immerses students in understanding the essence of the
subject and its application in practice (Balik et al., 2018).

Considering the project activity as STEM-learning, it is reasonable to high-
light the main components of the project as a whole and the stages of organiza-
tion of the specified activity by means of computer modeling.

First of all, the choice of the project topic should be relevant, taking into ac-
count the development of modern technologies and student’s interests. First of
all, the project should be interesting to perform and be in the circle of student’s
interests, and at the same time become an example for cognition of the sur-
rounding reality.

After selecting a project topic, a project plan is usually prepared. It is neces-
sary to prepare a list of questions that the student wants to get answers to during
the project, as well as to determine the final goal of the content. Note that the
goal may change or transform as the project progresses. And the list of questions
may also significantly expand or, on the contrary, narrow. The result of the
project depends on the ability to properly plan the project.

While working on the project, it is advisable to define 5 criteria that the goal
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should meet: specificity, measurability, achievability, relevance, deadline.

Competent planning will help to meet certain time limits, provide the project
with resources, program the team to achieve the goal, identify the range of sup-
port resources, provide support partners who can back up and help cope with
problems in case they arise.

After defining the research questions, it is necessary to begin to make a plan
for finding answers and defining the object and subject of the research, then it is
necessary to choose research methods, to put forward a hypothesis, to improve
the research plan. It is obligatory to conduct hypothesis testing in the course of
the study. The next stages are a description of the process, registration of the re-
sults, formulation of conclusions and evaluation of the results. It is necessary to
determine the practical relevance, that is, the area of application of the solution
found.

The above steps describe a standard work plan. STEM technologies appear
when students start working directly on the project.

After determining the range of issues to be solved, it will be obvious that the
student will search for information on the Internet, studying the information
resources available to them. Then the information will be processed, trans-

formed.

2.5. Computer Modeling in STEM

The essence of computer modeling in project activities is to find quantitative and
qualitative results using the available model. Depending on the type of computer
model (mathematical, simulation, graphic), the appropriate software tools are
used.

Teaching only in the form of information transfer has lost its meaning, be-
cause today any student can go on the Internet and find the necessary informa-
tion about the subject of research. It is at school that children have to learn to
operate with information, to put it into practice. The school cannot stand aside
from the trends that dictate the development of new digital technologies.

After collecting information and determining the range of additional ques-
tions or unresolved problems, the transition to the implementation of the prac-
tical part of the project. It should also be divided into two stages: calculation
(mathematical) and practical (engineering).

At the computational stage the theoretical aspects of the project are usually
calculated, at the practical stage—the construction of a computer model takes
place.

STEM is more than school lessons. Through this system of education, stu-
dents can see how what they are learning is embedded in their future and the
future of the world. This generates in them an interest that is sometimes lacking
when learning new things. Quite often children feel that school curricula are
completely disconnected from the real world. In order for students to be able to
learn the basics of any science and higher technology with interest, digital trends
need to be applied. The task of the school is to create a basis that will help both
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in learning and in everyday life, to promote the ability to solve problems, guided
by a scientific approach. It is also important to show how theoretical knowledge
can be applied to life: this will make science and programming exciting and use-
ful. For example, students can learn how to model bridges, launch rockets, build
gliders, direct jobs, and much more in the classroom. In most cases, they work in
teams. Many experiments are conducted in the lessons: this enables them to
demonstrate the material more clearly and makes the lessons more interesting.

In fact, computer modeling plays an important role in modern society and is
widely used in marketing, architectural design and cinematography, not to men-
tion industry. Computer models are so incorporated into all areas of human ac-
tivity that we can no longer imagine the present without them.

Teaching students through computer modeling should increase students’ in-
terest and motivation in project activities. Primary in this case is children’s ob-
vious fascination with games and computers. It is necessary to teach modern
schoolchildren to perceive gadgets not only as sources of entertainment, but also
as a working tool. In addition, thanks to an interesting form of application in the
educational process is more effective awareness of interdisciplinary connections.

Today 3D-modeling is quickly gaining popularity, it allows you to create any
model in volumetric format. Thanks to popularization, 3D-modeling has moved
to a new level and has become more necessary than ever. It is worth noting that
the creation of 3D models is available to all students, as there is a fairly large
amount of free software needed to create it.

3D models can be used in the study of such subjects as physics, chemistry, as-
tronomy, geography and others. For example, the use of computer modeling in
physics classes allows creating kinematic models and demonstrating particle in-
teractions.

Today, participants in the educational process can use open educational In-
ternet resources to supplement traditional teaching tools. There are a large
number of free educational sites, virtual laboratories, simulators, interactive
museums, which make conducting project activities available and the learning
process creative. Thus, the use of high-quality educational Internet resources, on
the one hand, creates a positive motivation for students to be concerned with
STEM education and, on the other hand, contributes to collective learning activ-
ities of all participants in the educational process.

With the help of free services for chemistry lessons you can create large-scale
3D models of chemical substances and compounds, devices for chemical reac-
tions, etc. In biology classes, you can take a trip to human vessels and examine
virtual models of cells. In geography classes, you can model the relief of the
Earth’s surface and create models of lithospheric plates. And in literature les-
sons, to create a computer model similar to a three-dimensional graph, the tops
of which will indicate the characters of a work of fiction, and the differ-
ent-colored edges of the graph of different lengths will indicate the relationships

between the characters. Created on the basis of this computer model 3D animation
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will help to trace the course of the plot of the work in dynamics, which will allow
better understanding the opinion of its author (Romanyuk & Poida, 2019).

The last part of the work on any project is the mathematical stage: it is neces-
sary to collect data, make calculations and prepare specific recommendations on
the created model and its application.

Based on the fact that in the near future there will be a sharp increase in demand
for engineers, specialists of high-tech industries, and most professions will be asso-
ciated with new technologies, the learning process should contain the study of
computer technology and work with it. Thus, the process of project work com-

bines all branches of knowledge within the framework of STEM-education.

2.6. Benefits of STEM Education

So, let’s identify the advantages of STEM education.

The first significant advantage is integrated learning by topics rather than by
subjects. STEM-education combines interdisciplinary and project-based approach,
the basis for which is the integration of natural sciences into technology, mathe-
matics, engineering creativity, etc. (Lucas, Cooke, & Friis, 1999). It is very impor-
tant to teach science, technology, engineering, and mathematics in an integrated
way, since these areas are closely interconnected in practice.

The next advantage is the application of scientific and technological know-
ledge in real life. That is, STEM education through hands-on activities demon-
strates to students the application of scientific and technical knowledge to a spe-
cific project, resulting in the creation of a prototype of a real product with their
own hands.

STEM technology also develops critical thinking and problem-solving skills
necessary for overcoming challenges students may encounter in life.

Students have the opportunity not only to create various real products, but
also to test and improve them. They, by solving all problems on their own, reach
their goal. For students it is inspiration, victory, adrenaline, and joy. After each
victory they become more and more confident in their abilities.

STEM projects are characterized by active communication and teamwork. At
the stage of discussion, a free atmosphere is created for discussion and expres-
sion of opinions. They are so free that they are not afraid to express any of their
thoughts, they learn to speak and present. The participants of the educational
process communicate all the time with the teachers and their teammates, in
which cooperation is assumed, related to the distribution of roles, material,
functions and individual actions.

STEM learning consists of six stages: question (task), discussion, design, con-
struction, testing, and improvement. These stages are the basis of a systematic
design approach. In turn, the coexistence or co-dependent use of different possi-
bilities is the basis for creativity and innovation.

Thus, the simultaneous study and application of science and technology can

create many innovative projects.
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2.7. Implementation

As an example, consider the STEM project “Creation of the Smart House Mod-
el”. The educational purpose of the project is to create a model of a house of the
future, to deepen the knowledge of students in the subjects of computer science,
mathematics, physics, chemistry, labor education by updating knowledge on the
issue of energy conservation and applying it to solve the problem.

During the implementation of the STEM project, students explore the devel-
opment of the problem and analyze it in the context of modern life. In a natural
science lesson, students investigate the current state of energy resources that
humans consume. Using educational materials prepared by the teacher with the
help of electronic encyclopedias and educational Internet resources the students
make analysis and calculations, on the basis of which they draw conclusions
about the necessity of conservation and saving such energy resources as water,
electric power and gas. Realization of the STEM-project also provides for work
of pupils outside of school, children investigate the state of consumption of
energy resources at home. During the study of the state of the problem children
set the problem to be solved during the project (reduce consumption of energy
resources).

The students think about their vision of Smart Home features: powering the
model home, configuring the necessary sensors, automatically closing and
opening doors and windows, automatic lighting and alarms.

With the help of computer modeling they create a 3D model of the house as a
basis for creating a prototype product. In the lessons of labor education they de-
velop a project of the house of the future. Experiments with sensors for their
proper setup are conducted in physics and chemistry lessons. And the accuracy
of architectural calculations is checked at math lessons. At computer science
lessons they program the Smart House model, check the results of the project
and draw conclusions. The results of the project are demonstrated in the form of
charts and presentations. Thanks to the implementation of the project, the
children managed to optimize the consumption of resources and save money for

electricity, gas, and water.

2.8. Discussion

STEM education is not only a method of learning, but also a way of thinking.
Students receive knowledge and immediately learn how to use it. So when they
grow up and face real-world problems in the real world, be it environmental
pollution or global climate change, they understand that such complex issues
can only be solved by drawing on knowledge from different areas of knowledge
and by working together all together.

Analysis of the results of learning achievements after the implementation of
STEM projects showed the formation of cross-cutting skills common to all key
competencies among those who receive education. Cross-cutting skills are

formed in all subjects. They are common for all competencies. Cross-cutting
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Figure 1. Formation of cross-cutting skills common to all key competencies of students.

skills include the ability to read with comprehension, express own opinion orally
and in writing, think critically and systematically, act creatively, show initiative,
be able to justify a position logically, manage emotions constructively, assess
risks, make decisions and be able to solve problems.

Teachers scored students on each criterion and determined that 80% of stu-
dents showed above-average proficiency in these skills (see Figure 1).

Thus, the introduction of project-based activities by means of computer mod-
eling within the framework of STEM-education promotes the formation of skills
of independent, research, exploratory activity of each student and increases the

formation of subject competencies.

3. Conclusion

The paper presents the results of the study of computer model used as a means
of project-based activities implementation in STEM-education, the concept of
which was that cross-cutting skills common to all key competencies of education
applicants would be formed after the implementation of STEM projects. The
analysis of the results of learning achievements after the implementation of
STEM-projects showed the formation of cross-cutting skills common to all key
competencies in 80% students at the level above average.

In today’s society the issue of STEM-education is not only the work on an in-
dividual educational project as part of individual work, but also the wide imple-
mentation of modern learning technologies. The main peculiarity of STEM-based
lessons is building the learning process in such a way that students use know-
ledge from different subjects. Such kind of activity promotes the integration of
academic subjects, formation of students’ skills to use modern technologies and
modeling in their activity. Independent creation of computer models gives stu-

dents an opportunity to better understand the basic properties of objects, phe-
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nomena, processes, their studied components, the relationships between them.
Their study shapes students’ skills of analysis, synthesis, evaluation, critical
thinking, and methodological approaches to implementing the project by means
of computer modeling.

STEM-education and project activities are a means of developing leadership

skills in students, which they will need in their future lives and careers.
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