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Abstract

Interdisciplinary integration as a form of STEM (Sience, technology,
engineering, mathematics) education including the combined learning of
natural sciences, technology, engineering and mathematics has recently
evoked interest in the involvement of this type of education to a greater extent
in the educational process. STEM education still does not have the right
approach in primary and secondary schools in the Republic of North
Macedonia, so we will try to share some practices from working with our
students. STEM education has developed with more intensity in our school
since the implementation of the project ‘21st century Schools’ supported by
the British Council. During this study, the activities were carried out during
the academic year 2022/2023 in two primary schools in two different
municipalities, namely in Ismail Qemali primary school in Nerasht village,
Tearca municipality and in Simg¢e Nastovski primary school in Vratnica,
Jegunovci municipality. As a result of the application of integrated methods in
the educational process, students have shown the highest results in terms of
the level of knowledge and skills obtained. In the application of the integrated
methods, 250 students from two primary schools were involved, where 50 of
them were active participants of the Ismail Qemali Coding Club.

Keywords: STEM, coding, outdoor learning, SDG(Sustainable Development Goals)
goals, Republic of North Macedonia
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Introduction

Interdisciplinary integration as a form of STEM education including the combined
learning of natural sciences, technology, engineering and mathematics has recently
evoked interest in the involvement of this type of education to a greater extent in the
educational process. STEM education unquestionably increases the creativity of
students, the deepening of ideas in solving problems in everyday life, in this way
developing the critical thinking of students, students feel more free in expressing their
ideas as well as feel more important during the realization of learning process,
considering the fact that this type of education places the student at the center of the
educational process.

STEM education still does not have the right access in primary and secondary schools
in the Republic of North Macedonia, so we will try to share some practices from
working with our students. STEM education has developed with more intensity in our
school since the implementation of the project ‘21st century Schools’ supported by
the British Council.

The rapid development of the technology has also brought changes in the educational
process. With MOOC(Massive Open Online Courses), learning has been transferred
from traditional learning where the teacher was the distributor of information in the
classroom, to the inverted classroom model where the student has other access to
information and resources before coming to the classroom (Brahimi & Saritete,
2015).

After completing their studies, students should possess digital skills to land a good
vacancy; however, traditional learning combined with activities during the lesson or
watching videos in the lesson will continuously increase interest about the digital
world. (Jarosievitz, 2017)

Creating a student activity from the beginning to the end makes students feel
ownership of a knowledge (Kafai, 1995), while hands-on work facilitates to the
students technical learning (Kolodner et al., 2003). Besides, micro:bit device is a good
opportunity to encourage students in their involvement in computer science and to
create their digital projects, (Teiermayer, 2019) on the other hand, this device can be
used in other subjects such as Physics, Chemistry, Biology, Mathematics, etc. Taking
into account that this device has different components in its composition, including
here the sensors of light, temperature, humidity, etc. https://microbit.org/code/

In addition to interdisciplinary integration, the practice of SDG goals (Boeren E.,
2019) is inalienable, therefore the acknowledgment of these goals by students plays
an important role so that in the future they can focus on these goals.
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The purpose of this research is:

e Increasing the Quality in the Learning Process (SDG 4) by Motivating Students
for Learning and a Deeper Understanding of Problems and the Practical
Possibility of Solving Them.

¢ Placing the Student at the Center of the Learning Process.

e Increasing the Digital Skills and Creativity of Students, Increasing the Passion
About Nature and Taking Care for It.

e Development of Students' Ideas for Future Professions

Material and Method

During this study, the activities were carried out during the academic year 2022/2023
in two primary schools in two different municipalities, namely in Ismail Qemali
primary school in Nerasht village, Tearca municipality and in Simg¢e Nastovski
primary school in Vratnica, Jegunovci municipality. There were involved students of
different ages, 8-14 years old. The activities were carried out in nature, on the schools’
areas, as well as through visits to state institutions, in this way, the students had the
opportunity at a closer look to get to know the problems that nature is endangered,
as well as with the development of ideas for the protection of the environment from
the dangers that threaten it.

The application of coding in the educational process

Coding has been a constant part of the activities carried out in the regular headway of
the educational process and in the framework of extracurricular activities. During the
regular classes, coding activities were linked to the curriculum, where students,
depending on the topics created different codes using the Let's code microbit
program, in this case, depending on the age group of the students, there was also the
formulation of codes, from more basic to more complicated ones.

The microbit device has provoked a special interest among the students who have
shown utterly curious to get to know the composition of this device as well as the
possibilities that this device offers for implication in the learning process and solving
problems. This device has enabled the students to develop their coding skills whilst
having fun which means that this method has been entertaining for them all along.

In the framework of the coding club, 50 students from the Ismail Qemali elementary
school were involved; the activity was carried out in the school premises as well as in
nature. Students were first introduced to coding method by using the Let's code
microbit program, then putting their codes into operation by transferring them to the
micro:bit device.

The codes created by the students have started from more plain/ basic to the
realization of projects done by the students from where the students have developed
many ideas on how they can create their own projects.
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In addition to the development of students' digital skills, their creative skills are also
increasingly developed.

The use of micro:bit was often used during lessons in the subject of Natural Sciences
as well as in the Subject of Biology, so that the students depending on the topic of the
lesson created codes which they used afterwards for their research within the
framework of the lessons. Using the micro:bit device, the students measured the
temperature of the environment, the intensity of the light, have created different
melodies, which they afterwards placed in models of musical instruments made by
the students themselves using recyclable materials. The setting up of different games
has always been part of the students' work.

Using the device microb:it, the students have created different models, giving
different examples of how the electric circuit works, the hydropower plant, the
windmill, measuring the speed of vehicles, compass construction, building an
automatic parking lot, automatic lighting of the environments, different ways of
tracking the conditions for plant growth, automatic operation of the drip irrigation
system; as well as many other examples where by putting it into practice of what was
taught to the students was very easy to understand and to make the students more
creative, more skilled for practical work, as well as the students' examples were also
related to ways of protecting natural resources, saving renewable energy sources,
preparing models of how we can use wind energy and water energy.

Fig 1. Creating codes in the Let's code micro:bit application; Fig 2. The model prepared
from the students; Fig 3. Presentation of projects created by Ismail Qemali Coding
Club students

Outdoor Education

Going out into nature with an educational purpose is a key method for the learning
process, moreover for natural sciences. During outdoors learning, students quickly
create a connection with nature for a deeper knowledge of it, as well as the increase
of the responsibility for the protection of nature (Charles et.al.,,2008; Carleton et
al,,2010). During this study, numerous of activities were carried out outside of the
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school where all the research was carried out in nature or a combination of nature-
classroom, where the students processed the results of their research.

During the direct approach to the problem where the students were confronted with
the ecological problems in nature and were themselves witnesses of the negative
interventions made to nature by people, and the students immediately developed
different ideas on how to offer solutions to these problems.

As for water management is concerned, in order to improve the situation related to
water pollution in the area where they live, the students have created the Eco Club of
the school, where they continuously measure the physical-chemical parameters of the
water and present the obtained results in front of other students of the school, other
schools as well as partner schools during the realization of the projects, in this way
this method has had a positive impact on raising the awareness of the students, for
water protection (SDG 6) and on the residents it has had a positive impact because
they are involved in such activities.

In the activities carried out outside, the students have also researched the biodiversity
of their area, thus getting to know the living world around them, therefore the
material collected in the operating environment, they have prepared it afterwards in
the form of herbariums, insectariums.

The explorations with plants have increased the students' interest on how to cultivate
and use of medicinal plants, as well as the students during outdoors researches have
become familiar with the variety of plants of this category in their surroundings.

Part of learning outside the classroom has also been learning through games, where
the teacher has offered different ideas on how the students can develop their
educational games, then this has had an impact on the students to give their ideas on
how they themselves can create such games, and this method has shown quite
successful because students on the one way have understood how ecosystems work,
the consequences of damage to the food chain as a result of climate change on planet
Earth from negative human interaction.

The games that the students have created during the cooperation between
themselves in pairs or in groups, in addition to increasing the creativity of the
students, has also influenced the development of the critical thinking of the students,
where after using the outdoors learning method, the students have understood much
more clearly the topics represented by the curriculum as well as the expression of the
students has been more notably because they have already created many ideas on
how they can bring positive changes in the future.
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Fig. 4;5;6;7;8;9. These photographs show some of the activities during learning
outside the classroom

Results and discussion

As a result of the application of integrated methods in the educational process,
students have shown the highest results in terms of the level of knowledge and skills
obtained. In the application of the integrated methods, 250 students from two
primary schools were involved, where 50 of them were active participants of the
Ismail Qemali Coding Club.

The students whom voluntarily participated in the Code Club have shown satisfactory
results as well as increased interest in coding, Natural Sciences, showing different
ideas for ways of solving problems in everyday life.

92% of participating students managed to create their own projects independently

8% of students provided with the help have created projects using the micro:bit
device

100% of students, however, were actively involved in the learning process.

During the use of integrated methods in the lessons, an increase in interest for the
lesson was observed even among students who were not active during the traditional
lessons. The students were showing satisfaction when they created codes with Let’s
code micro:bit and have created models which they put into operation afterwards,
therefore they voluntarily asked to carry out additional activities.
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89% of the students have communicated that their participation in the Coding Club,
as well as the integrated learning, has helped them to understand more clearly the
lessons in science subjects and to be able to choose their future professions.

95% of the students announced that during the activities in the Coding Club they felt
freer and were able to express their ideas better

75% of the students expressed that the presentation of the activities in front of their
parents encouraged them, 20% of the students felt more stressed to present in front
of their parents.

85% of students initially expressed that they feel uncomfortable when presenting in
front of the public, but this opinion has changed in 50% of students after their
participation in several presentations.

20 of the students with their projects have also participated in Code Week 2022, and
more are preparing for participation in Code Week 2023.

Protecting the environment through coding was the project through which the
students participated in the STEM DISCOVERY CAMPAIGN 2023 with continuance
from 1st of February - April 30, 2023(http://www.eun.org/stem-discovery-
campaign-2023)

Students have increased self-confidence about their work, increased creativity and
abilities. The forming of new friendships inside and outside the school during online
meetings with other partner schools from different countries such as Turkey, Poland,
Greece, Georgia as part of the joint project with the theme ECOLOGICAL GREEN
ENVIRONMENTAL COMPASS (SDG 4;5;6;13) . During this period, the students have
been quite active using various technological applications which have greatly
increased their digital skills. Using the Canva application, students have created
Posters to present their city, the extinction of materials on the earth, self-presentation
with an avatar, Online creation of a Puzzle game themed for the protection of the
living environment. The students have given various ideas on how we can prepare
food using as little oil as possible in order to protect water from pollution, the use of
means of transport that do not pollute the environment, at the same time the students
together with the teachers marched on the streets with bicycles carrying out
messages about ways we can change our transportation without harming the
environment. Part of the project was watching the educational film “25 liters”
(www.youtube.com > watch), which was very impressive to the students and very
effective in raising awareness about water conservation.
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Figure 10. Puzzle game created by students
Conclusion

STEM education has had a positive impact on the improvement of the educational
process. Innovative approaches have been very well accepted from the students when
we consider the fact that they already belong to the digitalization era.

The students expressed their satisfaction, they felt free and independent, and the
cooperation between the students has influenced them to develop better
socialization, as well as the idea that together they can solve the problems faster.

Students have felt important because they have always seen results of their work.

Students are liberated from paradoxes and have improved their difficulties in
presenting to others.

The challenge for the realization of the activities has been the lack of sufficient
conditions, therefore the models have been completed with a bit expensive means.

The voluntary participation of students in the Coding Club expresses a positive result
for the students’ interest in the digital world.

Activities outside the classroom have been really effective compared to those
explained in the classroom about nature and the students have been quite curious to
know the world around them, the changes it has undergone as well as the ways to
improve the created situation.

The changes in the way of learning have been very well received by the students at
both primary schools where the innovative approaches have been put into practice,
so the satisfactory results encourage us to share our practices with other schools in
our district as well as beyond through joint projects with partner schools which are
always welcome so that we can exchange our ideas.
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While learning through games, the students have communicated that this method for
them has been entertaining and the students have not felt at all psychologically
burdened when they have learned through games, and this method has helped them
in while having the problems more clear to develop ideas on how to solve the same
ones.
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