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Abstract—During recent years, there are huge discussions
regarding 21st century education; Experts, scientists,
educational specialists offer different ideas, results, and
conclusions about how to improve educational processes in
schools and how to develop students' 21st century skills; one
of the important steps that have been taken in this direction
is to introduce programming (coding) from the first grade
as an independent subject in schools. The goal of this paper
is to find out why it is important to teach programming in
school. The main questions about this issue are: what are
the reasons to teach programming? What are the main
problems in the teaching process? How to teach
programming? Answers to these questions are not always
connected with each other and the teachers, who really
create education in the classroom, need much more precise

and complete information to what to teach and how to teach.

Because of these issues, we decided to research this field and
share our own experience, which we believe is successful in
our school: we teach programming through the project-
based learning method. Using this method, it is possible to
develop 21st century skills and teach the basics of computer
science from elementary school. In this paper we will discuss
about secondary school students; by the end of the project,
the 10th grade students have solved one of the problems of
the school community - they have created educational games
on the topic of ecology; games were created by the request
of elementary school teachers; this year the games are
successfully used in learning process.

Index Terms—school education, computational thinking,
problem-solving, project based learning, programming

l.  INTRODUCTION

The 21st century is unbelievable without technology.
In the last 30 years, technology has significantly changed
how we work, live and learn. Gen Z (people born from
1995 to 2010 - our students) are digital natives: from
early years they use internet, social networks, mobile
systems to communicate, play, read, write etc. [1]. They
use technologies everywhere: in school, in the street, in
the gym, at home, etc. We do not mean only laptops and
desktop computers or Smartphones, but we mean that
computers can also be found in home electronics,
automobiles, airplanes, security systems, elevators, robots
and many other devices [2]. It is true that we do not teach
students about these devices (in my country) because it is
the topic of Computer Science and unfortunately this
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subject is not introduced in the schools, but students
know that all digital devices are controlled by the
specially created programs.

Children are born eager to learn [3]. Curious by nature,
students want to know how to manage digital devices,
that means they want to “look in” programs and change
them or create the new ones. If we consider the simplest
case, our students always ask us to teach them to create
the games, in other words to teach them programming.
Creating computer games requires more than only
programming: at least manage with graphics and
hardware essentials. Interested and dedicated students can
somehow cope with the final issues but deal with
programming independently is very difficult for them [4].
This is natural because programming is considered as one
of the main challenging and directions of computer
science.

On the other hand, we all know that programming is
one of the fastest growing professions in the world.
“According to the U.S. BUREAU of Labor statistics, by
2020, there will be 1.4 million computer-science related
jobs available with only 400,000 computer science
graduates to fill those roles” [5]. Very fascinating
statistics for the future profession!

Obviously, to introduce programming in schools is
important, but because of only two reasons we described
above or there are some other goals that make
programming compulsory and necessary to teach from
primary classes.

We decided to investigate this topic and our research
guestion is: What are the best practices for developing
21st century skills and at the same time increasing the
motivation for studying computer science?

Il. LITERATURE REVIEW

Franklin D. Roosevelt once said: “we cannot always
build a future for our youth, but we can always build our
youth for the future.” Provide students with a high-quality
education mean to help them connect learning with real-
life and equip them with the necessary skills that prepare
them for success.

A. 4 C'sof 21st Century Skills

Nowadays the need for teaching students to provide
outstanding education and equip them with the capability
to cope with the technologically developed 21st century
has become a very important issue. Students should try to
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become developers of knowledge rather than consumers.
It is becoming increasingly clear that only theoretical
knowledge is not enough to prepare students for the 21st
century. Employers often express disappointments about
the newly hired graduates that they don’t have the skills
to complete their duties in the workplace. Why? Because
graduates equipped with only theoretical knowledge are
not able to succeed. That means they don’t have the skills
to create something new, to be innovators and not only

users [6].
Researchers say that the 4Cs (Creativity and
innovation, Critical thinking and problem solving,

Communication, and Collaboration) are the requirements
in creating “globally competitive learners” [7]. Therefore,
educational policymakers must create the system by the
above needs in the current education landscape.

The education system of the last century was
constructed for the economy and society which does not
exist anymore. In the society that existed 50 years ago, it
was enough to teach students the “Three Rs” (reading,
writing, and arithmetic). In technology developed society
the “Three Rs” aren’t enough and especially it will not be
enough after 10-15 years when today's students finish the
school [8]. If we want our students to compete in this
global society, we need also to develop their “Four Cs”
[9]. How? Many educators have come to realize that they
must engage in more problem and project-based learning
if they want to embed the “Four Cs” into their classroom
practices [10].

B. Reasonsto Teach Programming

What is programming? Definition from Khan
Academy says: “Programming is the process of creating a
set of instructions that tell a computer how to perform a
task” [11]. Some programmers describe the programming
as the process of encoding an algorithm into a notation
that can be executed by a computer [12]. These
definitions are pretty general, but if we ask: “how to
create a set of instructions that will be understandable for
the machine?” or “what an algorithm is and how to create
it?” answering these questions will help us to understand
the essence of programming. Programming is really a
complicated skill and to learn and strengthen you in this
field is quite difficult.

Developing a program involves various steps to
complete like any problem-solving task. There are at least
five main steps to develop in the programming process:
defining and analyzing the problem, planning the solution,
coding the program, testing and evaluating the program.
These steps are described as slightly different in different
resources, but the main idea is that writing a program is
quite a sophisticated process. As a result, learning
programming is not easy [13].

Years ago, everyone thought that programming should
be learned only by special talented people with a strong
analytical and logical mind; but now it’s introduced as an
important ability for 21st century learners and is
becoming a key component of many curriculums, even in
primary schools [14]. So, what’s the benefit of teaching
kids to code? Can it be assumed that during the process of
programming the learner improves all the skills listed in
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4C? Let's start with the simplest advantage, which is
obvious and does not require a lot of evidence: basic
coding courses in schools provide students with the
experience to create their own websites. Students like to
create webs using HTML and CSS (that is easy for them),
but they want much more - use JavaScript to add
automation, animations and interactivity to the web [15].

A second advantage will probably be problem-solving
and independent decision-making skills. Coding
encourages students to gain new skills that can help them
solve various real-life problems. Students develop the
ability to overcome difficulties, not to give up and reach
the goal. For example, in the coding process, while
testing the program students can get incorrect results and
they will not be able to move forward; but they can go
back and try again. This approach to test the program
again and again till the time to succeed will be extremely
helpful for them and they would achieve success in their
future life [16].

It is said that coding is a universal language. We know
that learning a new language improves students’
communication and logical thinking skills, also verbal
and written skills. Learning a new language helps
students to understand the world around them better.
Learn coding makes the same. Every character, we can
type on the keyboard, has a special representation with
0’s and 1’s. These 0’s and 1’s give the ideas to students to
understand how technology work and operate. The best
way for our students to understand how the technology
communicate with us is to teach them coding. When
students learn to code it is a similar process of learning a
new language. It does not matter where you are in the
world; if the students know any programing language,
they would be able to communicate with other people,
and that is great [17] and [18].

Coding improves creativity: by experimenting, kids
learn and strengthen their brains. Even when they make a
mistake in coding they learn. Creativity is part of the
learning process because when they try to solve a
problem, they use imagination, knowledge, background
and experience to find a solution. When they learn a
language, they use it to express themselves. The same
thing happens when learning to code. Coding allows kids
not only be consumers of digital media and technology
but to create it. Instead of simply playing different games
or using applications, they can imagine how they are
creating their games or websites the way they want, and
they’ll have the opportunity to implement their wishes
and ideas [19].

The traditional belief has always been widespread in
the community that kids interested in coding should have
strong math skills. However, according to many
researchers, it appears that the opposite idea might also
be true: coding can help students improve math skills and
make learning math more engaging and fun [20].
Understand abstract math concepts can be a challenge to
many Kkids; Teachers and technology specialists can use
programming to help children visualize abstract math
concepts.

Let’s discuss one example that coding helps kids learn
math and vise verse math is used to create a program:
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Once, | placed 10 sheets on the table with 10 different
numbers on the hidden side and asked my students to find
the maximum (largest) number. They quickly turned over
the sheets and gave me the answer even faster. Then |
asked them to validate the correctness of their answer.
This was a little difficult for them. Their answer was
approximately like this: we looked at all the numbers
together and realized which was the largest. Then | asked
them to imagine that they had 1000 instead of 10
numbers. Would they be able to solve the task in the
same way? After thinking, they described the way we call
an algorithm “to find maximum in an array”. Then they
wrote the program, and as the students told me, they
understand what an abstract concept - find the maximum
value means in a “very clear and tangible way”. This is
only one example, how to improve math skills; Lots of
examples can be given on how to use Scratch in
elementary school to investigate the properties of
geometric figures and much more.

Coding improves students planning skills: students
who learn to code understand how to plan and organize
thoughts. To create a program, first they need to create an
algorithm, which is a sequence of clearly formulated
commands that must be precisely and completely
performed to reach the solution [21].

Coding to improve logic and insistence: reading and
writing algorithms is a great activity. Let’s take any well-
known algorithm, for example, find prime numbers and
try to solve it on your own. If you make mistakes, you
can search in the internet the already written program,
read, think and understand and then try again to write by
yourself. Reading algorithms is a great skill as well;
Coding also requires insistence, because no matter how
smart you are or what kind of experience you have, any
program, written by you will almost never work the first
time you try it and you will need to test it and improve
the solution [15].

Coding improves collaboration:  really = most
programming projects are developed by a group of
programmers because the problem can be broken down in
sub-problems and they can be completed concurrently,
the overall project can be completed in a short period of
time. Also, the development of a complex project
requires many different skills. By allowing each part to
be programmed by a professional in that field, the quality
of the final product will be significantly higher than
assign one person to do all the work alone. If a group of
students is creating an educational game, one may work
on the game content, the second may be the head coder,
and the third may be the visual artist to create a design of
the game; or students can write different modules of the
game separately and then combine in one program.
During the project development, students must work
together that brings them new skills and valuable
experiences [16].

Coding improves communication: when kids learn
coding, they improve communication skills in different
ways. In the classroom, coding is a collaborative activity
and students can share their individual ideas. Also, if
students create an educational game, they need to
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communicate with different users: teachers or other
students (players), to find out what they like or dislike:
what colors or designs they want to have in game and a
lot of different requirements. Understanding the
requirements of users is even more important than the
coding because otherwise, nobody will use your program.
Be able to communicate with the users, including asking
good questions and making decisions is very important.
Above all, students learn to communicate with computers.
As we discussed, coding teaches students how to break
down complex problems into parts and represents them in
a way that computers can understand. This relationship
obviously helps the learners to develop communication
skills [19].

C. Main Problems in the Teaching Process

In many studies we can found descriptions of the
problems that arise in the process of teaching
programming; Programming has been introduced as the
new subject in many schools; in some schools,
programming is taught as a module of technology
subjects. In all cases this has brought challenges for the
teachers as well as for students. Teaching a new subject
means teacher should be equipped with perfect subject
knowledge and appropriate methodologies for delivering
new knowledge, skills and attitudes to students. Even
though many schools recognize how computer
programming is engaging, interesting, motivating and fun
for students, the teaching process still has different
challenges for the whole school community [22] and [23].

Challenges for teachers are the following: lack of
subject knowledge, learning resources, professional
development trainings, assessment system, teaching
methodologies. Challenges for students are the following:
lack of confidence, struggle with problem-solving, less
practice, lack of proper guidance, etc. [23]-[25].

Programming, that is the most difficult part of
Computer Science, needs more recognition: computer
science is the newest field of study. It’s so new that most
people think that it’s only a university subject and there is
no need to teach it in school. Such views and opinions
need to change. It’s necessary to bring not only modern
technology in the classroom but to introduce technology
education as well.

Parents and the community need more awareness:
nowadays only teachers, programmers and science
specialists say that computer science education should be
a top priority in the school. How can we push schools to
introduce the programming in the education process, if
they don’t understand the importance of Computer
Science education?

To recognize the importance of teaching programming
in school, parents and the community should take more
responsibility, be more aware of current processes and
technology advances and help the school. Schools need
more resources: books, digital resources, and teachers
support materials, lesson plans, curriculums, online
platforms etc. before many good programming teachers
will be available in schools. Then they start to create
teaching resources and share with collages [26].



International Journal of Learning and Teaching Vol. 6, No. 3, September 2020

I1l.  How To TEACH — OUR EXPERIENCE

How to teach programming, this new and quite
rigorous subject, is very difficult to answer. Experts,
scientists, teachers, programmers offer different websites,
programming languages and tools to teach coding and
much more. Until more or less complete syllabus,
teaching resources, methodologies, books and supporting
materials are created taking into account students' age and
background knowledge, before teachers have perfect
professional development, they try their best to solve
problems: share their experiences, help each other and
use available resources to teach this difficult subject to
students [21].

In our school we teach programming in all grades as a
mandatory module on Coding and Robaotics lessons. In all
grades we use PBL (project-based learning) method
depending on the age and level of preparation of the
students; each module includes from 10 to 36 lessons
according to grade. In this paper we want to describe a
learning project that was implemented in grade 10 and
explain how students enhanced 4C skills along with
academic knowledge during the project development
(project duration 36 lessons).

Project Description: The project was implemented by
10th grade students. They had to research whether it is
possible to improve the quality of teaching and learning
using computer-based educational games in primary
classes; the main questions were: what are the factors that
help increase students’ motivation? What kind of games
are there for elementary school students around the world,
how do teachers use these games, etc.?

On the first stage of the project, the students found out
that educational games really increase students' interest
and the involvement in the lesson in elementary classes.
Then they started researching what type of games might
be used in the classroom to increase motivation, that is,
what game elements should be included in the game. In
the next step, the students needed to learn the game
design and elements. They communicated with the
elementary school teachers to select the problematic
topics for their game.

The next step was to write the game code (program)
using Java OOP. Students needed to learn not only the
programming language but also the main algorithms. The
teacher’s role was the most important here: help students
learn the basics of algorithms and introduction in OOP.
Finally, students created computer-based educational
games for elementary school students. The presentation
of the project was followed by the actual use of games in
the elementary classroom. The kids liked the games and
gave their evaluations: they expressed satisfaction and
mentioned about improvements. Finally, the programs
were corrected and completed.

“HealthMan” is one of the best games created by the
student during the project development (Fig. 1); the game
topic is Healthy Lifestyle; the game style is the well-
known "Hangman". The idea of the educational purpose
of the game is that the player (1% grade student) must
guess the word in English according to the picture. After
guessing the word, a player collects coins; the number of
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coins obtained by the player depends on how well he/she
guesses the word.

Guess the Word

=

Figure 1. Guess the word.

The number of coins goes to the player’s balance and
the player can buy stickers (four different stickers) in an
online shop (Fig. 2); in the Shop window on the right side
we can see stickers purchased by the player. According to
teacher’s requirement student (author of the program) can
easily input new words in the program. Each word in the
game is represented by a colorful picture. Today, teachers
are using this game in our school to teach English.

Shop )K
¢ ,?
. . Balance: 20500
v Recently Bought:
;’5 oo
(5) )
“ ', © %
SR
(0) 0)
[ Home |

Figure 2. Online shop.

Qualitative research method was used by us to obtain
data about the problem solution and answer not only
question - “what” students and teachers think about
learning and teaching programing and 21 century skills
but also “why” they think so.

We decided to use a combination of two of the classic
research tools: project participant observation - we
observed grade 10 students during project development
process; how they learned to solve real-life problems by
creating games using java OOP and in-depth interviews
with programming teachers and some students to collect,
analyze and evaluate data on student’s behavior,
motivation, engagement and achievements.

Problem solving: 10th graders have created
educational computer games for elementary school
students the same that everyone can play in the internet,
but according to teachers’ (users) requirements. About
70% of students created the final product - a game
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(prototypes for desktop app). About 30% of them are
original, functional and can be used in education process.
In interview these 30% of students mentioned that they
already had little experience in programming. This year
10th grade students are doing the same project, but they
already have programing experience. Thus, we believe
more students will be able to create interesting games.

Development of 21st century skills: 10th graders had
to research information, analyze and evaluate,
communicate with primary school teachers to select
educational topics for game content, collaborate with
each other and teachers to learn and understand basics of
programming, develop creative thinking as the game had
to be designed in its own way.

Finally, the students not only started to learn the
programming language and the basics of algorithms
(loops, 2D arrays, search and sort algorithms etc.), but
also went through the whole Software Development
Cycle: problem analysis, design, development and
implementation, testing, and evaluation.

IV. CONCLUSION

Over the last decade, a huge amount of energy has
been spent by many countries to create new policies
around 21st century education. However, if 21st century
education will be changed for improving the lives of
students, teachers must have the support they need to do
this work in the classrooms every day. Teaching critical
thinking and problem solving, communication and
collaboration, creativity and innovation are not
unexpected requirements for educators. In fact, they are
the foundation for creating the best education and most
teachers aspire to teach in a manner that helps students to
develop 21st century skills.

According to studies teaching programming at school
is necessary and important; using the PBL teachers can
make this process interesting, fun, and attractive for
students; every child love games. They will be more
interested if they can create the game. The result is
amazing: during the project development 10th graders
learn programming and develop 21st-century skills, while
elementary school students have new games and can play
and learn at the same time. Learn to program through
game creation is an interesting and innovative method to
use in practice. It is obvious students' interest and
involvement in the learning process will increase. At the
same time, project-based learning provides students with
all the skills that are so significant today.

In addition, by learning the basics of programming,
students will be more interested in learning how to
program robots, learn about artificial intelligence, and
engage in other interesting projects.
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