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ABSTRACT

Programming refers to a set of processes of writing, testing and correcting the program code aimed
at creating a program that can do certain works in accordance with the programmer’s instructions, it
requires the mastery of algorithms, logic and programming languages. This study discusses the concept of
programming skills to develop problem solving skills, which focuses on secondary school students.
Various activities allow students to collaborate and develop problem solutions. Some previous studies
suggest that students can obtain knowledge and programming skills through formal and non-formal
education even though formal education shows better results of students’ attainments. Given a basic
programming skills, students are expected to have a high level of reasoning for their better problem
solving skills to solve complex problems using computers through an integrated approach between
thinking skills and computational thinking (CT). Computer programming has the effect of reasoning
abilities for students, problem solving and self-efficacy. Currently, programming-based computation has
been introduced in school curriculum at different levels. Consequently, teachers are required to teach
relevant materials relevantly to the current curriculum.
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INTRODUCTION Mathematics knowledge. Therefore, a

programmer should appropriate the whole

Programming is a set of processes of
writing, testing, repairing (debugging), and
maintaining the code that constructs a
particular computer program. This code is
written in different programming languages.
Moreover, programming is more than
coding because it exposes someone to
computational  thinking that
problem solving skills using computer

involves

science concepts, i.e. abstraction and
decomposition [1].

Programming aims to create a
program that can do calculations or other
works in accordance with the programmer’s
instructions. To successfully perform it,
several skills need to be mastered by
a programmer including algorithms,
logic, programming languages, and some

required skills and cannot negotiate one of
them to be left.

In addition, programming is an art of
using interconnected algorithms using a
particular programming language, which
further results on a certain computer
program. Indeed, different programming
languages support different programming
styles, which is commonly called
programming paradigm. Hence, given the
basic programming skills, a programmer is
expected to have higher reasoning level as
well as his better problem solving skills.

This study discusses a concept of
programming skills to develop problem
solving skills. This study consists of four
sections, namely the overviews relating to
the basic principles of programming skills,
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the implementation of the skills to develop
problem solving skills, the methods, and the
conclusion, respectively.

Programming is not only about
writing codes but also the capability to
analyze a  situation, identify  key
components, conduct modelling data and
processes, and create or improve certain

programs through a design approach.
Because of its complexity, it is often
conducted as a team-based task in

professional settings [2]. It will teach
someone how to express a mindset into a
software form. By this far, children tend to
be taught only about how to use a software.
They do not learn about the concept of how
a software is made and performed. By an
early introduction of the programming
concepts will lead to children’s better
reasoning and problem solving skills.

Programming is an aspect of
computer science taught at schools
considered as the most challenging. Various
activities can be initiated to allow students
collaborate and construct problem solutions
[3]. For instance, some important
programming procedures can be drawn as
follows: (1) using algorithms, (2) inserting
paired comments into program code, (3)
developing program code from the algorithm
in pairs, and (4) finding bugs in the program
code. Reading and tracking program codes
are also significant to support programming
learning so that students perceive problem
solving skills that are very important in
programming. Pedagogical strategies in
learning such skills are widely developed
including but not limited to how teachers
can support students in learning to read and
write a program.

McDougall [4] conveys that there is a
value that adopts the pedagogical approach
in teaching informatics. She explains that
students get knowledge and programming

skills through either formal or informal
ways. She, then, concludes that a group of
fifth grade students are skilful in running the
MicroWorlds multimedia programming and
acquire both programming skills and
techniques from various sources outside
classroom activities. She also states that the
formalization of the student model starts
from searching various human resources and
obtaining programming skills from formal
and informal ways.

The implementation of computer-
based services requires problem solving,
designing skills, logical thinking skills,
understanding how computers and networks
operate, and programming competencies.
Those abilities are simply considered as a set
of programming skills. A study conducted in
Finland finds and classifies three approaches
and methods of learning programming skills
such as a formal education by school
curriculum, informal education by online
practices and off-school courses, and
informal forums (hackathon) [5].

Sumartini [6] states that problem
solving skills is a process to overcome
difficulties faced to achieve the expected
goals. In the field of computer science,
students must master problem solving skills
to solve programming problems such as
algorithms, logic and programming. There
are five strategic procedures related to
performing problem solving skills involving
(1) presenting a problem clearly so that it
does not confront an ambiguous meaning,
(2) asserting the problem clearly so that it
does not remain unclear, (3) compiling
alternative hypotheses and procedures that
are expected to be used to solve the problem,
(4) testing hypotheses and performing
actions to obtain solutions (e.g. data
collection and data processing), and (5) if
one solution is obtained, the next step is to
re-check and to choose the best solution.
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Problem solving can be interpreted as
a goal, a process, and a set of skill. Problem
solving as a process means as an activity
that prioritizes the importance of procedures,
steps of the undertaken strategy to
troubleshoot problems. Creative competence
and problem solving are part of the 21%
century skills. The use of creative digital
technology to solve problems is related to

computational thinking as a series of
cognitive and metacognitive strategies
where students are involved in active

designing, creation, and mobilization
processes of computational methods [2].
Zubaidah [7] states that problem
solving skills include some other skills such
as identification and the ability to search,
select, evaluate, organize, consider various
alternatives, and interpret information. One
must be able to find various solutions from
different
multilayered problems. Problem solving
requires effective and creative collaboration
between teachers and students to be able to
use technology, handle massive information,
define and understand the elements

perspectives in solving

contained in the subject matters, identify
sources of information and strategies
compulsory to solve problems. In addition, it
cannot be separated from critical thinking
skills that are fundamental skills in
generating solvencies Students should also
be able to apply the right tools and
techniques effectively and efficiently in
solving problems.

The important
problem solving is that, to
multifaceted problems using computers,
integrating cognitive and critical thinking
skills remains necessary. The problem
solving skills cover four main principles: (1)
how to solve problems and to design
systems referring to fundamental concepts in
computer science, (2) creating and using

thing related to
solve

various levels of abstraction to understand
and solve problems more effectively, (3)
thinking algorithmically along with the
ability to apply mathematical concepts
efficiently, and (4) understanding the
consequences of scale, which is not only for
sake of efficiency but also economic and
social  considerations [8]. Moreover,
computational thinking consists of several
elements such as computing,
communication, coordination, recollection,
automation, evaluation, and designing.
Figure 1 shows an overview of the principle

of computational thinking.
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Figure 1. Seven Principles of
Computational Thinking

Sarantos & Kallia [9] investigate
whether computer programming  has
influenced high school students’ reasoning
abilities, problem solving skills, and self-
efficacy in Mathematics. They suggest that
there are significant differences in students’
reasoning skills who participate in the
programming class compared to those who
are not involved in the class. Their findings
then imply that formal education of
computer programming has a significant
influence on generating students’ problem
solving skills.

Computation has been introduced in
school curricula in many countries. Teachers
might generate challenges and strategies

used to teach computation. A study
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conducted in England in 2014 portrayed that
teachers preparing to include
computation into the compulsory curriculum
[3]. That study concluded that there were
five approaches that could be undertaken

WEre

during teaching and learning process,
namely programming activities, task
contextualization, collaborative tasks,

developing computational
programming skills.
changes, teachers are required to teach
relevantly to the development of the
curriculum by coping with the introduction
of the new contents. They need to learn any
appropriate pedagogic technique to carry out
the new materials, especially for the aspects

thinking, and
Due to curriculum

of computer science related to programming
algorithms and the development of
computational thinking skills. The latest
literature relating to computer science
education in schools highlights a number of
ways to make computer science concepts

accessible, interesting, fun, and, more
importantly, giving in-depth conceptual
understanding.

Programming education can be used
as a medium to build knowledge and
modelling tools to involve students in
creative problem solving activities [2].
When students are involved in such
activities, they can improve their problem
solving skills. While some utilizations of
technology might involve students in passive
situations where there is almost no room to
produce knowledge. On the other hand, the
use of technology can involve students in
building creative knowledge, of which the
process indicates that technology can be
aimed to improve co-creative learning
process. There are five levels of students' co-
learning process in computer
programming namely (1) passive exposure
to teacher-guided explanations, videos, or
tutorials about programming; (2) step-by-

creative

step procedural programming activities
where there is no potential space for
students’ creativity; (3) original content
creation through individual programming;
(4) original content creation through team-
based programming, and (5) shared
knowledge creation through programming.
Another study investigated the effects
of Scratch and Alice tools on the teaching
and learning process of programming
comparatively by considering student
involvement, reflective  thinking and
problem solving skills, and computational
thinking skills. The results showed that the
teaching of Scratch programming more
influenced students’ involvement and
reflective thinking skills for generating
problem solving than Alice. It had been
stated that teaching with Alice influences
students’ computational thinking skills [10].
The research was conducted based on the
in which the students had

various difficulties in programming learning

observation

such as a complex process to require
numbers of skills. Students tent to have
troubles in understanding program code of
the programming process. The phenomenon
implies attention to the importance of
programming tools in  programming
languages [11]. Considering these problems,
it is clear that using tools to help students
understand the logic of programming and
the ability to think relevantly to the twenty-
first century becomes an easier way to
contribute to draw solutions of confronted
problems experienced in indispensable
programming.

In the discussion above, Scratch
programming has a positive impact because
it is a free and user-friendly programming
language. Up to programming
languages are known as something that is
difficult to learn even many who believe

now,

only smart people can operate it. However,
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this assumption is no longer appropriate
because a  relatively  easy-to-learn
programming language has been developed
named Scratch programming [12]. Scratch is
a new programming language released in
May 2007. It supports the development of
computer games, interactive  stories,
graphics, computer animation, and other
multimedia projects. Figure 2 depicts the
example of a picture using Scratch
programming language.

Figure 2. Drawing a Rectangle Using Scratch

Scratch programming does not use
text form but in graphic to put the used
codes. Graphic forms are made in such a
way as to form pieces of puzzles known as
code blocks. Making a Scratch program is
like compiling a puzzle. Code blocks can
only be arranged if they are interconnected.
Thus, the program is distant from syntax
errors. Moreover, in Scratch, there are three
types of code blocks in which each can
generate a relation. There are more than 100
Scratch block codes that are included in
eight code block categories.

bergerak sebanyak step

Figure 3. Block Script Used as the Basis
for Writing Scripts

A Scratch application consists of
many sprites, of which each of them has
several scripts, costumes, and types of
sounds. Scripts are programs for creating an
application. Costume is an image that will
be displayed, while the types of sounds
include sounds that will be played in the
application. The program results will be
shown in an area called stage.

Storing Scratch data can use code
block  variables.  Similar to  other
programming forms, variables in Scratch
can be created as either local or global
variables. The code block variables can be
used to control the application performance.
The value of the code block variables can be
displayed on the stage. If no longer needed,
code block variables can be deleted.
Whereas, for the sake of digit manipulation,
Scratch has a number of code block that
consists of several blocks of code for
mathematical operations, i.e. arithmetic and
logic.

To support the running process of the
application, Scratch provides control blocks
used for looping and conditional processes.
In addition, it can also be used to control and
coordinate script activities by sending and
receiving messages between  sprites.
Learning using Scratch programming
language will make it easier for students to
understand the right programming concepts
and ensure that novice programmers learn
the right way to compile and formulate
programming logic. Since Scratch is not a
text-based programming language, it does
not need to follow a complex set of syntax
rules. This is because writing errors that do
not comply with the programming language
syntax rules will make the application
unable to run. Scratch simplifies application
development by using the same logic and
basic programming concepts as other
programming languages.
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Another study conducted by Xiao-
Ming [13] tested a new method regarding
the importance of a computer programming
concept to the students that underlies the
development of problem solving skills.
Computer programming is a subject that
requires a strategy to teach students the
ability to solve problems and involves a
large number of programming logic
activities that become a challenge for
students. Therefore, students should be
provided supports and tutorials for computer
programming.

Akcaoglu [14] conveys that computer
programming can be used to teach students
about problem solving. In her study,
students were required to perceive designing
and problem solving skills, so that, the
assessment was performed under the aspects
of system analysis and design, decisision
making, and problem solving using case-
study approach on game design. The results
showed that there was a significant influence
of game designing on students’ learning and
problem solving skills. The computer
learning innovation involveda collaborative
problem-solving learning model to reveal
students’ problem solving skills, especially
in some schools in Shanghai [15]. The
implementation was confronted by an
obstacle on how to develop the students’
skills. Thus, a collaborative learning was
used to deal with the problem, of which
there were two models permeated namely
social interaction and problem solving
model using cognitive and metacogntive
approach. The study was conducted in two
months with 59 students who came from two
different classes. The results depicted that
the experiment class using collaborative
group model had higher problem solving
skills compared to the control class.

The new undertaken approach is
collaborative learning which is believed to

be an effective approach to increase

student’s interaction and introduce a

conducive learning environment that
provides new experiences. Interactions in
collaborative learning do not
automatically. Without strategies, proper
guidance, and appropriate supporting tools,
the results of this collaborative learning
approach will not show satisfactory results.

There are two classes with small samples

occur

used as research participants. One class
consists 25 students randomly selected for
the experimental class to implement
collaborative learning using posing-based
problem strategies. Another class consists 28
students as the control group, who learn with
conventional collaborative learning
activities.

The results show that the use of
posing-based problems shows a significant
impact on students’ learning achievement,
especially on programming and problem
solving skills. In addition, the results also
show that student collective efficacy in
learning increases and the cognitive load of
students decreases compared to those who
learn with conventional collaborative
learning approaches. This approach is done
by giving instructions to the control group
with programming tasks to solve given
problems. After that, the results of the
program are corrected by students
themselves and feedbacks given by the
teacher. Whereas, students in the
experimental group are given treatment with
examples of tasks at the beginning of
learning activities. The tasks are given with
different problems among several groups of
students to provide opportunities for them
solve problems with the other groups. Such
activities  strengthen  students' active
participation and responsible attitudes for
learning process, knowledge construction,

problem creation, problem solving, and
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reflection. This is the reason why the
experimental group is better than the control
group in terms of learning achievement and
lower cognitive load. However, the
limitation of this study is that the sample
size is relatively too small, so that the results
do not allow generalizations to represent
cases with large sample sizes and the
approach only focuses on programming
content. Consequently, the strategic impact
cannot necessarily be generalized to other
learning content related to computer science.
Further explanations portray that positive
results will be achieved if students are given
assignments related to student learning
content and guide them to be actively
involved in construction, creation, and
reflection activities to improve problem
solving skills [16].

Students should master problem
solving skills to compete and accelerate their
self-competence in digital world in which so
many technology is controlled by the use of
various softwares [17]. That is, problem
solving  skills  should always be
interconnected with computational thinking
skills especially on innovative education.

METHOD

Literature studies were used to
compose the present study by collecting
relevant theoretical references to the
problems proposed. The literature studies
were mostly in a form of surveys and
discussive literatures in certain fields
depicting a brief concept, of which each part
of the concept is used as a related source to
other studies in showing the chronological
or thematic linkages. In preparing this study,
a thematic structure approach was used in
which the obtained references had been

clustered according to the theme or topic.

This method was shorter in term of the
organization.

References used in the present study
were in the form of books, articles, and
journals that contained theory, analysis, and
research that had been conducted related to
programming and problem solving skills.
The journals, articles, and books used as
sources were published from 2009 to 2018.

The references
categorized as follows: basic programming
skills  concepts, the
programming  skills
related curriculum to programming and
problem solving skills, and the importance
of programming skills in developing
problem solving skills. The keywords used

used <can be

importance  of

given to students,

in the search to search the references were
programming and problem solving skills.

CONCLUSION

Programming has been introduced in
the school curriculum in several developed
countries. Different programming languages
support different programming styles, which
is called as programming paradigm. An
early introduction of programming concepts
to the students will impact on their reasoning
level, of which the result will lead to
perceiving high problem solving skills. By
giving the basis of programming skills,
students are expected to have a high
reasoning level so that the problem solving
skills are better. Four important things
related to programming include (1) using
algorithms in programming, (2) inserting
paired comments into program code, (3)
developing program code from the algorithm
in pairs, and (4) finding bugs in the program
code. The implementation of computer-
based services requires
skills, designing

problem solving
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skills, logical thinking skills, and
understanding of how computers and
networks operate. Those skills can be
considered as a set of programming skills.
Studies related to programming skills have
been done in many countries, one of which
is in Finland. The results of the study
suggest three approaches for learning
programming  skills namely  formal
education, informal education, and informal
forums.

Problem solving can be interpreted as
a goal, a process, and skills. Creative
competence and problem solving skills are
part of the 21% century skills using digital
technology as a tool to solve problems
related to CT. In many
computational thinking has been permeated
within  school to make a
challenge for teachers and demand teaching
strategies. Teachers are required to conceive

countries,

curriculum

competency of lesson planning, benefitting
learning sources, using learning media, and
facilitating learning feedbacks for better
curriculum implementation and development
[18].

One strategy that can be implemented
is the wuse of tools to help students
understand the programming logic and the
ability to think relevantly to the twenty-first
century in an easier way and to contribute to
the solution of problems experienced in
programming. The use of computer might be
helpful as learning media or a computer
programming that can enhance problem
solving skills. Results show that the
increasing students’ learning attainment is
influenced by  conducive learning
environment and atmosphere that can also
attract students’ learning eagerness [19]. The
results showed that the teaching of Scratch
programming more influences students’
involvement and reflective thinking ability

for problem solving skills than Alice
programming.

Another result of research supports
the concept of programming skills using
posing-based problem strategies. This
strategy shows significant results to improve
student’s learning achievement, especially in
programming skills, and to enhance students'

problem solving skills. By the application of

this  strategy, students can perceive
collective efficacy in conducting
collaborative  learning that increases

cognitive skills compared to those who learn
with conventional collaborative learning
approaches. Moreover, students can be
assisted by the use of the strategy and
introduced to a new learning strategy that
can lead them to master problem solving
skills.
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