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ABSTRACT: In everyday lives, people have to deal with a variety of problems, with each entailing a specific solution that
relies on how they perceive such a predicament. Clearly, problem solving requires the ability to identify and to apply relevant
skills systematically. Hence, the mastery of problem-solving skills is an important attribute of a competent teacher. Several
techniques and strategies are available to help solve problems in computer science, especially in programming. As such, this
study was carried out to determine the appropriate competency elements that programming teachers should have. A group of
experts (consisting of 22 public school teachers and university lecturers) was recruited to elicit their expert opinions. Collected
data were analyzed using the Fuzzy Delphi Method (FDM) to validate several elements of problem-solving competency.
Through the analysis, all the competency elements were validated to be important based on a consensus of the experts, which
exceeded the moderate level of agreements. The analysis also showed that the competency elements could be ranked in terms of
their importance. Thus, with an appropriate programming teacher’s competency model, consisting of such elements, efforts to
develop competent programming teachers can be improved significantly. More importantly, with more competent
programming teachers, student learning of programming can be further enhanced.
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1. INTRODUCTION

Essentially, problems are obstacles faced by individuals as
they strive to achieve certain goals in their everyday lives. To
help understand and discuss the nature of problems, a number
of scholars have proposed several definitions, such as [1] who
defined a problem as a space that separates a current situation
from the desired situation that entails a solution, containing a
list of steps in solving such a problem. In fact, problem-
solving has been recognized as on one of the important skills
that everyone must have to deal with many challenges
throughout his or her life. In short, problem-solving is a
continual process or an activity in which we need to apply all
the knowledge that we have in order to deal with unfamiliar,
challenging phenomena or events.

Understandably, such a process involves skills and abilities
that can help us to think intelligently in finding or
determining the appropriate solution to a problem that we are
faced with. In this regard, the main aim of education is
helping students to learn in such a way that they can
effectively apply all the knowledge that they have learned to
solve any problem in any situation. As such, teachers are
entrusted with the responsibility for developing and nurturing
problem-solving skills of their students.

Problem-solving is the ability to identify and solve a problem
using relevant skills systematically [2]. In essence, this ability
necessitates appropriate actions to help solve a problem by
making it more understandable, and therefore more solvable,
such as using accurate algorithms more systematically.
Clearly, problem-solving involves several cognitive processes
to guide the formulation of solutions to problems [3].
Furthermore, [4] assert that problem-solving is a method that
combines both cognitive and meta-cognitive process, which
need to be emphasized in the teaching and learning process.
Effectively, this amalgam of mental processes helps us to
choose appropriate solutions to problems that we are facing
with. Given the above prevailing issues, this study was
carried out with the aim to explore elements of teachers’
problem-solving competency in programming. As such, the

main research question of the study is as follows: “What are
the elements of problem-solving competency of programming
teachers?”

2. LITERATURE REVIEW

Teachers as Problem Solver

In understanding the role played by teachers as problem-
solver, [5] eloquently asserts that “the teacher should put
himself [or herself] in the student’s place, he [or she] should
see the student’s case, he [or she] should try to understand
what is going on in the student’s mind, and ask a question or
indicate a step that could have occurred to the student
himself.” His assertion clearly underscores the importance of
teachers to understand how their students think during the
learning process. Of course, in such a process, teachers can
use a variety of approaches or strategies to help stimulate
students’ reactions, such that the latter become active in the
learning process.

Being cognitively stimulated, students will be able to focus
on learning activities in which teachers can apply their
knowledge and experiences in helping the former to solve
programming problems. As students, naturally, their
problem-solving ability is relatively inferior compared with
their teachers’, given the former’s lack of experience or skills
in conceptualizing and developing effective techniques or
strategies in solving programming problems. Therefore,
teachers have to play an important role in teaching and in
guiding their students to acquire the right programming skills
by which the latter can confidently deconstruct and analyze
the logical components of a given problem that leads to a
precise solution.

Obviously, the competency of teachers is assessed in terms of
their ability in teaching a particular subject matter.
Furthermore, teachers need to diversify their expertise and
skills to help plan effective teaching activities in which their
students can learn efficaciously. In this respect, Gagne (cited
by Dwiyogo, [6]) emphasizes the important role of teachers
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in imparting knowledge of problem-solving to their students.
Underscoring such a role entails teachers to be consciously
aware of the most appropriate principles and strategies for
solving problems that are specific to a particular field.
Likewise, such an emphasis is shared by [7], who assert that
teachers play a vital role in guiding and facilitating teaching
and learning activities in the classroom.

Teaching Programming and Problem Solving

Undeniably, learning programming entails students to learn
and apply various complicated techniques or methods. Thus,
most students view the subject matter to be difficult to learn,
let alone to master it. Further compounding the problem,
virtually almost all programming topics contain many
abstract concepts that are not only unfamiliar to students but
also complicated. Thus, it is hardly surprising to observe
programming students to be overwhelmed in learning how to
solve a given problem, unless they have sufficient ability to
think logically and critically. Unresolved, such pressing
learning issues faced by students can result in poor
achievement in programming. Hence, a basic knowledge and
problem-solving skills are a prerequisite for successful
learning [8].

In essence, the process of problem-solving entails a number
of important aspects, including logical thinking, critical
thinking, problem analysis, testing, and problem-solving [9].
Such an emphasis on such aspects is echoed by [10], who
asserts that programming students need to have adequate
logical thinking ability, which is an ability that supposedly
has been developed when they were middle-grade students
learning mathematics. Ironically, despite having such an
ability, most students seem to struggle in applying their
logical knowledge and skills in solving a given problem-
solving task.

Moreover, [11] argue that the weakness of students in
programming is indicative of their failure to use logical
thinking in solving problems in their everyday lives. Thus, it
is common for programming students to lament their
hardships and difficulties in learning the subject matter.
Likewise, [12] contend that the major problem in learning
programming is attributed to weak problem-solving skills and
poor logical thinking of students Such a contention is
supported by a recent research finding of [13], who found
students pursuing programming courses lacked the most
important ability to learn to program, namely problem-
solving skills and logical thinking. As such, problem-solving
skills of programming students should be emphasized in
learning to help them develop strong creative and critical
minds. In this regard, a study by [14] found that training
using real-world problems, decomposition analysis, planning,
and specific domain knowledge could help improve students’
problem-solving skills. To help realize such improvement,
teachers should develop their teaching activities using
appropriate problem-solving principles that would help them
to teach complicated algorithms to their students more
effectively. Furthermore, according to [15], students should
be encouraged to solve problems related to programming
constructs of program development to help them develop
their problem-solving skills in programming. More
importantly, at the end of a learning process, students should
be able to apply their problem-solving skills in categorizing
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the main problem into several smaller problems such as to
manage all these problems using a similar solution.
Nonetheless, to achieve the above aims are not easy, given
the acute lack of expertise and skills in problem-solving
among teachers [16]. As such, learning becomes more
student-centred, not teacher-centred with the teachers playing
the role of a facilitator or a mentor.

From the teaching perspective, the research finding of [17]
underscores the extent to which programming teachers' meta-
cognitive and problem-solving skills will have an impact on
student learning. They found that such teachers' skills
provided opportunities for students to learn more
efficaciously. As such, teachers' skills are crucial to the
development of students' programming ability. As agreed by
all scholars, producing quality students in programming field
depends on quality teaching, with which programming
teachers use their expertise and skills to the fullest. Clearly,
teachers play an important role in the development of quality
students by imparting appropriate knowledge and logical
skills to students during programming activities.

Problem Solving Techniques

Often, a majority of people solve their everyday problems,
which manifest in varying degrees of difficulty or
complexity, without being consciously aware of the process
involved. In contrast, in the teaching and learning process,
students are usually given all the relevant information that
they need, such as explicitly stated problems, required input,
and expected output; thus they become fully aware of the
process that is needed to solve such a given problem.
However, in reality, such a process is not that easily
discernible to help determine a specific solution. In such a
case, students need to first identify the problem, then make a
decision by using available information, and finally
determine the expected outcome.

Arguably, applying a particular problem-solving method to
help solve problems involves a learning process through
which students need to think critically and decisively. In this
regard, several methods and strategies can be used to produce
a viable solution to a particular problem. However,
accordingly, to [6], strategies used in solving problems in a
particular domain may not be suitable to be applied to solving
problems in other domains.

Nonetheless, irrespective of different problem domains, all
problem-solving strategies must involve a set of
implementation activities to help formulate a particular
solution to a specific problem. Arguably, the successful
implementation of such strategies relies on existing
knowledge, skills, and experiences of individuals in dealing
with similar problems[18].

The improvement in students’ problem-solving skills can be
reliably ascertained if they can demonstrate their ability to
produce an effective strategy to solve a given problem [19].
Moreover, the performance of students during the problem-
solving process is not static. In fact, it will change from being
low at the beginning to high at the end of this process, thus
reflecting the gradual progression of an incremental
improvement in students' understanding [5]. To this end,
several models have been proposed in previous studies to
help students gain a sound knowledge of strategies for
problem-solving. For example, problem-solving model is one
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of the models that have been studied that focus on problem-
solving. Specifically, this model is based on a heuristic,
which is a strategy that is commonly used to solve
mathematical problems, which does not necessarily result in
producing solutions. Essentially, [5] model consists of four
phases, namely understanding the problem, planning the
solution strategy, implementing the solution strategy, and
evaluating and repeating the solution. Each phase of this
model has to be executed carefully and systematically to
ensure students will be able to improve their skills in making
a decision, judgement, and logical evaluation.

In the programming field, choosing the appropriate approach
to derive a solution to a given problem is not easy.
Nonetheless, some problems can be solved using a set of
fixed actions or steps called algorithmic solution. After
having determined a unified procedure, solutions can be
ascertained by implementing those steps in a complete
sequence called an algorithm. In the problem-solving phase
of programming, programmers need to design an algorithm,
not to follow an algorithm. As such, programmers need to be
fully aware of the appropriate strategy that is needed in
solving programming problems.

In a more detailed proposal, [8] proposed six steps in
problem-solving of programming, namely identifying a
problem, understanding the problem, identifying solutions,
selecting the best solution, preparing a set of solution steps,
and evaluating the final solution. However, these steps are
not rigid as they can change to help produce relevant
solutions in algorithmic or in heuristic form. However, a
solution formulated may be ineffective if programmers failed
to identify and understand a problem at the early stage of the
process. Moreover, such a solution formulated may not be
precise or incomplete, which can result in an unexpected or
unintended outcome.

On the other hand, [20] proposed three processes in problem-
solving, namely analysis and synthesis, development of a
common solution (algorithm), and validation of the
algorithm. Additionally, in their study, they implemented the
process of problem-solving by translating the algorithm to a
programming language (program) and testing the program to
determine whether the solution was able to solve a given
problem. After the program had been composed, it then
entered the third phase, which was the maintenance phase.
This phase involved program usability that was performed to
check whether the program could either be maintained as it
was or be modified further to meet changes in requirements
or to correct mistakes that emerged during its use.

In general, the problem-solving process in programming can
be viewed as a process that analyses a given problem, divides
the problem into several smaller problems (sub-problems),
and develops a common solution, called an algorithm, for
each sub-problem. Finally, the solutions to all sub-problems
are added together to form a program that helps solve the
main (actual) problem. Nonetheless, the process of
understanding and analysing problems will normally take
more time than what is usually anticipated by programmers.
Of course, a problem-solving process in programming can
become more complex, entailing longer time to complete, if
such a process starts on a wrong foot.
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3. RESEARCH METHODOLOGY

The main aim of this study was to identify the elements of
problem-solving competency, which will serve as guidelines
for the development of quality programming teachers of
secondary schools in Malaysia. To help validate such
elements, the researcher carried out a validation process
through which the elements were reviewed and analysed for
their importance. This process involved the analysis on a list
of the competency elements, which were conceptualized and
identified from the preliminary findings of a needs analysis
survey and from the findings reported in the literature. The
output of this analysis was a list of competency elements,
which was submitted to a panel of experts in the first round of
the wvalidation process. For this purpose, 22 experts
comprising practitioners in the field of programming
pedagogy and programming language were selected.

The research method used for this study was based on the
Fuzzy Delphi Method, which was originally proposed by [21]
and later revised by [22]. This method is used to obtain quick
and precise validation of factors or elements based on a
consensus of experts in a single round [23]. Furthermore, the
strength of the FDM lies in its ability to produce consistent
validation results [24], and it is efficient as it does not require
many rounds of validation. For this study, the researcher
engaged a group of experts, consisting of 22 expert teachers
and university lecturers who had vast experience in teaching
computer science and programing, as the respondents. Such a
number of experts is consistent with the recommended
number of 10 — 50 respondents, as suggested by [25].

4, DATA ANALYSIS AND RESULTS

To reliably apply the FDM, researchers have to fulfil two
requirements. First, the values of the triangular fuzzy number
need to have three scales that are translated from the Likert
scales. In this study, 5-point Likert scales were used to
measure the level of agreements of respondents as follows:
“1” for strongly disagree, ‘“2” for disagree, “3” for
moderately agree, “4” for agree, and “5” for strongly agree.
The triangular fuzzy number has three values, namely m1,
m2, and m3 that refer to the lowest, reasonable, and highest
value, respectively. The triangular fuzzy number must
produce a threshold value of less than 0.2 [26][27]. For the
second requirement, the percentage of agreement of experts
calculated by the defuzzification process must exceed 75%.
Table 1 summarizes the defuzzification value of each element
of the problem-solving competency, and all elements were
ranked based on their levels of importance.

As shown, all the three elements of problem-solving
competency fulfilled both requirements of the FDM, which
was made evident by the threshold value (d) of less than 0.2
and the percentage of agreement of experts exceeding 75%.
In addition, the findings showed that the definition of a
programming problem was rated as the most important
element, followed by the analysis of the problem. Finally, the
preparation of an appropriate solution to the problem based
on the level of students’ knowledge was rated as the third
most important element.
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Table 1. The defuzzification value of each element of problem-solving competency

Threshold

Defuzzification value

Percentage Expert

Element of competency (d) Values of Ranking  consensus
m2 m3 Fuzzy (A) agreement
1 Defining a programming problem. 0.12 054 0.74 0.94 0.74 100 % 1 Accept
Analyzing the programming problem. 0.05 058 078 098 0.78 95 % 2 Accept
Preparing a solution to the problem based 0.14 053 0.73 0.93 0.73 95 % 3 Accept

on the level of students’ knowledge.

5. DISCUSSIONS

The findings of this study suggest that, to be highly
competent, programming teachers must have three elements
of problem-solving competency. Firstly, they should be able
to define a programming problem holistically such that they
can help stimulate the thinking process of students to deal
with the given problem. Additionally, teachers need to guide
students in developing a sound understanding of the problem
by relating it with relevant information. Secondly, teachers
should emphasise the analysis of the problem by focussing on
relevant strategies that can help students solve the problem.
Achieving this relies on teachers’ ability to decompose the
main problem into smaller sub-problems that are manageable
for students to solve. Thirdly, teachers must have the ability
and skill to process all relevant solutions that have been
formulated earlier.

Moreover, teachers should also provide students with
appropriate concepts and information of relevant problem-
solving techniques that are appropriate for students based on
their current level of knowledge. Such a process entails
reviewing the impact of the solution method used and, if
required, reusing the method with a new set of procedures.
The validation process performed in this study showed that
all the elements of problem-solving competency received
high ratings, surpassing the moderate level of agreement
among the experts. Likewise, the same process showed that
such elements received different rankings, suggesting they
differed in terms of importance.

6. CONCLUSION

Evidently, programming teachers must possess strong
thinking skills, notably in interpreting and analysing
problems and in deciding the appropriate problem-solving
techniques to use, thus helping them to teach their students
more efficaciously. Effectively, the problem-solving process
helps strengthen students’ critical minds and provides
opportunities for teachers to gauge their students’ ability in
overcoming problems. In fact, the problem-solving steps
discussed in this paper can be transferred to solving everyday
problems, in particular to solving problems related to
programming. Moreover, solution techniques that can
deconstruct problems logically are both efficient and
effective.

In light of the above findings, the emphasis on teachers’
problem-solving skills cannot be overstated, as they will have
a huge impact on student learning, such that students can
become critical and creative as they learn to become good
programmers. Therefore, programming teachers need to

master all the elements of problem-solving competency to
help improve the current teaching practice in Malaysia.
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