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Abstract

Many studies have shown that students with poor problem-solving skills are prone
to failing programming courses. To help mitigate this problem, several problem-solving
methods have been recommended, including the Polya Model. Therefore, this study
aims to determine the impact of this model on matriculation college students’
performances in learning programming algorithms. A quasi-experimental study with
pre-test post-test research design was conducted to assess the performances in
programming algorithm among a group of 30 college students, who were selected
using the random sampling method. They were assigned into an experimental group
and a control group who underwent an intervention treatment that lasted for seven
weeks on two groups of students: control and treatment. The experimental and control
groups learned programming algorithms using the Polya Model and conventional
method, respectively. The research instrument used for the pre-test and post-test
consisted of six subjective questions with three levels of difficulty based on Bloom’s
taxonomy. Descriptive statistics and a series of t-tests were used to analyze the data.
The results of the t-test showed that there was a significant difference in the mean
scores of the post-test measurements between the two groups, which favored the
experimental group, especially for questions with a higher level of difficulty. This finding
suggests that the Polya Model is an effective problem-solving technique that
programming students need to learn to help improve their performances in learning
programming algorithms at the collegiate level.

Keyword: Programming Algorithms, Programming, Polya Model, teaching and
learning, HOTS, problem-solving skills.
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INTRODUCTION

Admittedly, the need for highly skilled and knowledgeable workforce has become
so urgent to help nations face the challenges in the highly competitive world. Therein
lies the imperative for nations to improve their educational systems, starting from the
elementary level upwards, to help students acquire the necessary skills in the twenty-
first century. In Malaysia, several efforts have been put in place to improve school
curricula to help students develop sound critical, creative, and innovative thinking
skills, leadership skills, and strong ethical values. To achieve this aspiration, the
Malaysian government has launched the Malaysian Education Blueprint[1], which
aims to improve the quality of Science, Technology, Engineering and Mathematics
(STEM) education by helping students to develop strong higher-order thinking skills
(HOTS). To ensure the continuity of STEM education at the post-secondary level,
several Malaysian matriculation colleges have conducted the Computer Science
course in their Mathematical Science program, with programming as one of the major
topics that students need to learn.

However, learning programming is considered a difficult, challenging task for most
students who are new to programming [2, 3]. In programming, students need strong
problem-solving skills are to help them learn the phases of algorithm development, the
failure of which can be detrimental to their passing of the course. A report of the final
Computer Science matriculation examination results for three consecutive years in one
of the Malaysian matriculations centers shows that many students performed poorly
due to a lack of problem-solving skills. For example, for the semester of 2017/2018,
the examiners reported that students’ skills in logic and programming were very low,
evidenced by their failures to identify the essential elements in problem solving based
on their wrong answers to questions regarding flow charts and programming.
Therefore, the examiners suggested that problem-solving skills should be emphasized
in the teaching and learning process. Likewise, the two semesters of 2016/2017
academic session saw similar results, with only 10 percent of the students (consisting
of 644 candidates) scored full marks and were able to answer the programming
algorithm questions correctly [4-6]signifying that they lacked the skills in developing
programming algorithms. As such, these findings reinforce the need to improve
matriculation college students’ problem-solving skills before they continue their study
at the university level.

Arguably, in programming, students need to have strong thinking skills to help them
develop reliable working algorithms. Thinking skills are essential in learning process
to form and understand concepts, engage in problem-solving, reasoning and creating
or developing solutions. In this regard, the implementation of higher order thinking
skills (HOTS) in the learning process helps enhance students' thinking ability, which is
badly needed in today’s competitive technology-driven world. [7]. assert that HOTS
should be applied in the teaching and learning process, especially at the higher
education level. Likewise, research conducted by [8] concluded that problem-solving
skills are most important skills that emphasized by the programming lecturers or
instructors and asserts that problem solving approaches in teaching computer
programming needs a special approach to be used as a pedagogy. In a nutshell, the
mastery of these skills is important to ensuring students can learn and understand the
basic concepts of programming.

A pilot study was conducted to get some feedback on students’ learning issues
from 10 computer science lecturers of a matriculation college. The lecturers noted that
the problem-solving steps prescribed in the Computer Science Curriculum
Specification [9] lacked depth and, to make matters worse, such steps were discussed
only in the lecture sessions. Some lecturers even claimed that they did not emphasize
the problem-solving process explicitly, making students to ignore it their learning
practices. Further compounding the problem was that lecturers used different teaching
and learning methods based on their expertise and experience. However, all lecturers
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agreed that students should have strong problem-solving skills to help them learn

programming, especially for the topic of algorithm development.

As acknowledged, there is a myriad of factors affecting student learning of
programming, including pedagogical strategies and teaching and learning methods
[10-12]. As such, new, innovative methods are needed to help facilitate the teaching
of programming, including the algorithm topic. Given that developing algorithms
involves problem-solving, it is imperative for teachers and lecturers to use problem-
solving models to help them teach such a difficult topic more effectively. For example
[12]used a problem-solving model called ADRI model in their teaching programming.
In addition, several studies have shown the use of several problem-solving models
had significant impacts on students’ achievements [13-17]

Among the models that commonly used in educational disciplines, notably in
Mathematics education are Polya Model [18-21]. These models, however, have not
been widely used in teaching programming at the tertiary level. Admittedly, this is a bit
ironic given that the CSCS [20] clearly stipulates that problem-solving step are among
the important concepts that programming students need to learn and master to ensure
they can understand the basic processes of solving programming problems.

Based on the above discussion, there is a need to use problem-solving models to
help improve existing teaching and learning practices such that students would be able
to develop the essential skills that can them develop precise, efficient algorithms.
Premised in this context, the researchers conducted this study to examine at the
effects of using the Polya Model in the teaching and learning of programming
algorithms on matriculation students’ learning performances. The research objectives
to guide this study are as follows:

1. To identify the elements in every phase of the adaptation of the Polya Model that
are deemed suitable for the teaching and learning of programming algorithms.

2. To examine whether there was a significant difference in students’ learning
performance of programming algorithms between students who learned using the
adaptation of Polya Model and those who learned using a conventional method.

Correspondingly, two research questions were formulated to address the above

research objectives as follows:

1. Are the elements identified in every phase of the Polya Model suitable for the
teaching and learning of programming algorithms?

2. Is there a significant difference in students’ learning performance of programming
algorithms between students who learned using the adaptation of Polya Model and
those who learned using the conventional method?

To answer the second research question, the researchers formulated a research
hypothesis as follows: There is no significant difference in the mean scores of students’
learning performance in programming algorithms between students who learned using
the adaptation of Polya Model and those who learned using the conventional method.

LITERATURE REVIEW
Learning programming algorithms

In principle, the learning process is a way in which a student focuses on
processing, interpreting, and acquiring new information, knowledge, and skills [22]
which varies depending on levels and contexts of learning. Thus, the learning process
at the collegiate level is different from that at the school level [23]. In matriculation
colleges, learning programming is implemented using the lecture method,
complemented with classroom tutorials to enhance students’ understanding of
contents learned in lectures, the process of which creates a learning cycle [24]. The
purpose of this cycle is to help students master algorithms, which is a foundation to
solving problems and to encode programs as a formal representation of algorithms.
However, a study conducted by [24] showed that most students were unable to master
algorithms, indicating that the existing learning cycle was not effective to help achieve
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the desired goals, which could be attributed to their lack of theoretical understanding
and skills needed to learn algorithms.

According to [17], problem-solving skills can help students develop strong
knowledge and improve their thinking skills. Admittedly, from the students’ standpoint,
problem-solving is the most difficult part in learning programming algorithms [12, 25].
Without these necessary skills, students will face some difficulties in learning computer
programming, as they probably may not be able to understand programming
guestions. Hence, there is a compelling need to help students develop strong problem-
solving skills using appropriate teaching approaches. In this regard, Yamashita et al.
[24] assert the need to develop and use learning support systems to help students
learn and understand programming algorithms more easily. Ideally, such systems
should be compatible with the teaching and learning of programming algorithms that
focus on problem solving through a systematic, effective learning process. They also
argue that lecturers need to work harder to make the learning of programming
algorithmic concepts more manageable and easier for students. Put simply, finding
appropriate methods to help students learn and master the basics of algorithm
development must be given a strong emphasis.

In Malaysian matriculation colleagues, lecturers teach computer programming
based on the guidelines prescribed in the CSCS. However, such guidelines are quite
general, providing no detailed information of the necessary steps and, thus, compelling
lecturers to teach based on their own methods and understanding. The guideline
consists of five (5) steps; (i) problem analysis, (i) design a solution, (iii)
implementation, (iv) testing and (v) documentation and for the algorithm development
classes, the lecturers only focus until second steps. Reviewing the algorithm that has
been designed (in step 2) which is very important neither is taught nor emphasize in
the class for algorithm development topic. This practice runs counter to the
recommendations of many scholars, such as [24] who stress the responsibility of
lecturers to use appropriate teaching strategies to help students learn and understand
algorithms more effectively.

Problem-solving skills and HOTS in learning programming

Thinking is the mental activity of the highest level that humans rely on to function
effectively and efficiently. From the learning perspective, thinking skills involve a series
of systematic processes that students perform in their learning activities [1]. According
to [26], thinking involves scientific process which requires the mind to engage in series
of sub-processes that can be divided into two categories: lower order cognitive process
and high order thinking. This process is applied to any problem given, regardless the
nature of problem. Admittedly, students have various levels of thinking skills that
determine their levels of learning efficacy. In the educational realm, Bloom's taxonomy
has been widely used to measure students' thinking levels. Essentially, this taxonomy
consists of a set of hierarchical models used to measure the various learning levels
that entail different skills that students need to acquire, as determined by their
teachers. Bloom's taxonomy posits that learning at a higher level depends on the
knowledge and skills acquired at the lower level [27].

In principle, higher-order thinking skills (HOTS) constitute a cognitive process that
helps students learn complex learning concepts [28]. According to Bloom's Taxonomy,
HOTS are associated with the three highest levels of mental activity, namely analysis,
evaluation, and creation, thus signifying their importance to help students learn,
understand, and master programming algorithms. As such, learning algorithms entails
students to have good HOTS to help them learn to solve programming problems
involving complex logic, which is very challenging to most students [2, 7, 9, 18, 22-24],
possessing highly developed thinking skills is a prerequisite to effective learning of
computer programming such that they can critically examine a given problem that
leads to the finding of the best solution. According to[29], humans tend to rely on
specific methods to solve problems by tapping on their prior knowledge and

3055



Volume 23 Issue 12022 CENTRAL ASIA AND THE CAUCASUS  English Edition

experience. In principle, problem-solving methods provide the means for students to
apply what they have learned (such as concepts, theories, and principles) in a new
context of learning, effectively helping students to develop strong critical, analytical,
logical, and rational thinking skills [30] and indirectly helping them to enhance their
confidence. Therein lies the imperative for teachers and lecturers to find and use
suitable teaching and learning strategies that can help students develop strong HOTS,
which can help them learn more efficaciously and attain better academic achievements
[7].

Arguably, one of the important aspects of learning programming courses is finding
a suitable programming environment in which students can practice programming in a
proper learning context. Essentially, algorithms taught in programming courses are
quite different from those taught in other fields, such as mathematics. Learning
algorithms in programming entails students to solve programming problems using the
computer and other tools, which collectively helps them to critically and logically
analyze such problems. As such, it is, therefore, important for teachers and lecturers
to determine and use effective teaching methods that can assist students develop
strong problem-solving skills, which ultimately can help them to learn programming
algorithms with better efficacy [31].

Problem-solving models

Over recent years, problem-solving skills have been recognized as the essential
learning skills that students should and must have to quickly and accurately solve
problems in many domains of learning, such as mathematics and physics. To date,
several problem-solving models, including Polya Model, Lester Model, and Meyer
Model, have been proposed and used in the teaching and learning of various courses
in a wide range of disciplines. Arguably, the use and adaptation of various problem-
solving models are driven by the urgent needs to innovate existing teaching and
learning techniques, with the main aim to improve students’ academic achievements
[14]. Arguably, the proper use of each problem-solving model relies on specific
learning contexts, as determined by various aspects, such as learning topics, learning
contents, levels of learning difficulty, and problem-solving processes. As such,
teachers and lecturers need to identify which model is deemed most appropriate to
help teach a particular topic of learning by factoring in all relevant aspects. The Polya
Model, which was introduced in 1945, is one of the early problem-solving models used
in solving mathematical problems involving four basic phases, namely understanding
problem, action planning, action execution, and review.

Understanding problem

Arguably, students often fail to solve a given problem due to their inability to
understand the constituent parts of the problem [25]. Thus, as prescribed by the Polya
Model, instructions given to students must be clear and unambiguous lest the students
may get confused, making it easier for them to understand the underlying aspects that
define a particular problem. By understanding such a problem, students can easily
identify the steps required to solve it. In the context of learning programming, the full
understanding of a given programming problem can help students determine the
required input, process, and output needed in developing the necessary algorithms.

Action planning

The Polya Model emphasizes on finding the appropriate strategies to help solve
problems. In this second phase of problem-solving, choosing the right strategies
depends on the skills learned through the iteration of the problem-solving process.
Ideally, students should choose strategies that they can easily understand and apply
in solving problems, which include drawing, sketching, and using formulas. In learning
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programming algorithms, however, students can rely only on two strategies, namely
pseudo-coding and drawing flowcharts.

Action execution

The third phase involves executing the action that has been planned in the
preceding phase. This stage is quite critical in that the execution of all the necessary
actions has to be carried carefully and systematically to achieve the intended
outcomes. Thus, this entails programming students to rely on their skills to develop
proper problem-solving strategies to help them create precise algorithms to help solve
programming problems.

Review

In this last phase, students need to devote some time to reviewing and reflecting
on the solutions to the problems that they have solved [15]. Such a process helps
improve their confidence, strengthen skills, and ensure that problems were resolved
correctly. This phase also allows students to determine and understand relevant
strategies that they can use to solve other problems in the future. As such, this phase
is an important step in solving programming problems that entail proper algorithms, as
logical errors may occur during the development of algorithms that will be difficult to
detect once they have been converted into programs.

To date, many studies have shown that the Polya Model is an effective, efficient
problem-solving technique that can help students to solve a range of problems,
including programming problems [2, 14]. This model enables students to describe
appropriate processes and plan appropriate actions that help them develop strong
critical thinking skills. Also, Whilst [12] assert that this model can help students become
more inquisitive, attentive, and confident in solving problems.

Over the years, new variants of the Polya Model have been developed and used
for problem-solving. These include the Lester model and Meyer model that were
developed to meet the different requirements of problem-solving methods. In principle,
the Lester model defines a problem as a situation where an individual or a group of
individuals performs a task without referring to any algorithm or procedure. Thus,
students must perform a few trials or experiments to develop a solution which can be
based on abstract results. Due to this limitation, the Lester model is inappropriate for
learning the topic of programming algorithms, because the final phase of the model
allows students to design results independently without any conditions, which is not
suitable for the development of programming algorithms as the processes are subject
to two techniques only: pseudo code and flow chart. Likewise, the Mayer model is also
unsuitable for learning programming algorithms. Despite being the latest version of the
Polya Model, the Mayer model lacks the review phase, which is an important step to
help ensure algorithms developed can meet the requirements of eliminating any logical
errors. Table 1 shows the steps or phases of the problem-solving process of the Polya
Model, Lester Model, and Meyer Model.
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Table 1: The phases of the problem-solving process of the Polya Model, Lester
Model, and Meyer Model

1st Step Understanding problem. Problem readiness. Interpret problem.
Understanding problem. Integrate problem.
Analyzing problem.
2nd Step Action planning. Strategy planning. Planning and
monitoring.
3rd Step Action execution. Strategy execution. Execute Solution.
4th Step Review. Solution procedure and Not available
evaluation.

As shown, there are some subtle differences between the three problem-solving
models, with each having its unique strengths that can help facilitate the learning of a
particular topic. Given that the Polya Model has more detailed steps, it is deemed the
most appropriate problem-solving model for learning programming algorithms. Such a
choice is in line with many studies that showed the Polya Model has been widely used
in various fields of study, signifying its effectiveness in helping students to improve
their problem-solving skills.

METHODOLOGY
Research design

This study was based on a quasi-experimental approach using the pretest-posttest
non-equivalent control group design to determine the difference in students’ learning
performances in programming algorithms between two groups, namely a control group
and a treatment group. According to [32], researchers are compelled to use such an
approach in cases where simple random sampling is not possible. In reality, true-
experimental approach is hardly possible as simple randomization sampling may
disrupt the learning process in the classroom, leaving researchers with no other
alternatives except convenient sampling by using intact classes [33]. In addition, there
are factors that many researchers have to deal with, such as time, cost, and logistics,
before embarking on a true-experimental study [34]. To mitigate threats to the internal
validity of the study due to the inhomogeneity of the study sample, pre-tests were used
as covariates in the statistical analysis. Figure 1 shows the research design used in
this study.

G O X 0O
G, O3 - O

G: = Treatment group.

G, = Control group.

X = Learning process using an adapted version of the

Polya Model

- = Learning process using steps provided by CSCS
(conventional method)
O; and O3 = Pre-test
O, and O, = Post-test

Figure 1: The quasi-experiment design of research
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Sampling and population

In this study, the study sample consisted of students majoring in science in one of
the matriculation colleges in Malaysia. They were purposely selected given that they
were only STEM students in this college. Altogether, there were 18 running classes
from which only two classes were selected based on a polling technique According
to[18], such a sampling technique helps determine a study sample that is
representative to a target population. In this study, 30 students were selected from the
two classes, with each class consisting of 15 students.

Research Instrument

In this study, the instrument was based on an adapted version of the Polya Model,
which was used in the teaching and learning process of programming algorithms. The
model consists of four phases or stages, namely understanding the problem, planning
the appropriate actions, executing the actions, and reviewing the outcome, which must
be strictly followed as each phase helps students to learn and understand the problem-
solving process systematically[34]. In this study, some minor adaptions were made in
some elements of the phases to make them compatible with the requirements of CSCS
[9] for the learning of programming algorithms in the matriculation program, as shown
in Figure 2. Each of these proposed elements refers to the learning process of
programming algorithms in general and the CSCS for the Matriculation Program in
Malaysia. In addition, a total of 5 experts in Computer Science field were consulted to
obtain the validity of the elements for each phase.

Phases Elements:
. 1. Input.
Understanding problem 2. Output.
3. Process.
) A
Planning actions 4. Identify control structure.
5. Use formula.
i 6. Solve problem logically.
Executing actions 7. Draw flow charts or
write pseudo-codes
25
Review 8. Check the final answer.
9. Use dummy data to
check the programming

aloorithms.

Figure 2: An adapted version of the Polya Model for the learning of programming
algorithms

The pre-test and post-test questions were based on the test specification table
(TST) derived from a collection of matriculation final semester examination papers
developed by computer science lecturers from several universities and matriculation
colleges, which had been validated by three expects. A pilot study was conducted to
determine the validity and reliability of such items and to assess respondents' ability
to understand and answers the test questions. A set of pre-test questions was
distributed to the respondents before the learning treatment, while a set of post-test
guestions was distributed after the completion of the learning treatment. Their
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responses to the pre-test and post-test items were analyzed, revealing Cronbach’s
Alpha values of 0.71 and 0.76, respectively, signifying their reliability was acceptable.

Each set of the test questions consisted of six subjective questions with three
levels of difficulty (namely, low, moderate, and high levels) based on the Bloom's
taxonomy, as shown in Table 2. To facilitate the process of data analysis, their
responses were dichotomized to indicate a right or a wrong answer. Also, the scoring
format was divided into three ranges, namely low, moderate, and high.

Table 2: The control structure of pre-test and post-test questions by the levels of
Bloom Taxonomy and the types of solution

( J

Sequential 1 Easy InpUt/OLETESE/PrOCESS
Selection 2 Easy IPO
Repetition 3 Intermediate Flow chart

2 Selection 4 Intermediate Pseudo Code

Repetition 5 Difficult Flow chart

Selectl.o.n & 6 Difficult Pseudo Code

Repetition

Research procedure and data collection

To meet the requirements of data, students’ test results were collected in phases.
As for the teaching and learning process, the treatment group learnt algorithm
development using adaption of Polya model as shown in Figure 2, whilst control group
were based on the conventional method using guidelines prescribed in the CSCS until
second steps only without reviewing phase and these sessions were carried out in a
two-hour tutorial session spanning seven (7) consecutive weeks by the same lecturers.
The learning treatments were conducted at the beginning of a new semester based on
the timetable set by the management of the college. Figure 3 shows the flow of the
data collection procedure.

Pre-test Pre-test

T&L process (Conventional T&L process (Adapted
method) version of the Polya Model)
7 weeks 7 weeks
Post-test Post-test

Figure 3: Data collection procedure

Data analysis

Both descriptive analysis and parametric analysis were carried out to answer the
research hypotheses. Table 3 shows the types of data analysis performed to address
the research questions.
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Table 3: Data analysis for each research question

( )

1. Are the elements identified and Post-test Students’ post-test
defined in every phase of the answer sheets.
adapted Polya Model suitable for Notations made on
the teaching and learning of the answers sheets.
programming algorithms?
2. Is there a significant difference Post-test Students’ marks.
in students’ learning performance Notations made on
of programming algorithms the answers sheets.

between students who learned
using the adapted Polya Model and
those who learned using the
conventional method?

RESULTS

This first objective of the research is to identify and define the elements in each
phase of the Polya Model that are suitable for learning programming algorithm. In the
original Polya Model, there are four phases that need to be implemented, namely
understanding the problem, planning the actions, implementing the actions and
reviewing, some of which are deemed not suitable for the learning of programming
algorithms. Thus, the researcher made some amendments to the model by adding
new elements and detailed descriptions in each phase as shown in Figure 2. To ensure
the elements in each phase of the adapted model would be appropriate for the learning
of programming algorithm, post-test questions of the intermediate level of difficulty
were chosen for the ensuing analysis. Prior to treatments, students in the treatment
group were explained about the details of every phase of the adapted Polya Model
that they had to follow, the solutions of which had to be demonstrated on the answer
sheets. On the other hand, students in the control group learned the problem-solving
principles based on the conventional method. By examining the answer sheets, it was
revealed that more than half (50%) of the students in the treatment group were able to
perform all the phases of problem-solving as required. By contrast, only a handful of
the students in the control group, constituting about 20%, were able to do so. Table 4
summarizes the percentages of the number of students who were able to perform all
phases of problem-solving.

Table 4: The percentages of the number of students who were able to perform all
phases of problem-solving

L

Understanding 10 66.7% 5 33.3%
problem

Planning 9 60.0% 3 20%
actions

Executing 9 53.3% 2 13.3%
actions

Review 9 60.0% 3 20%

The examination of the notations made on the answer sheets by the students in
the treatment group, a sample of which is shown in Figure 4a, indicated that about half

3061



Volume 23 Issue 12022 CENTRAL ASIA AND THE CAUCASUS  English Edition

(50%) of them were able to correctly identify the elements of the questions that were
related to the problem-solving steps. Specifically, the examination revealed that most
of the students managed to identify the required inputs and outputs, but not the
processes, based on the notations that they made. Such findings, however, were not
replicated by the control group, as a majority of the students were unable to identify
the elements of the questions that were related to the problem-solving steps needed
in developing algorithms. Figure 4b shows a sample of the notations of elements of
the questions relating to the problem-solving steps made by students in the control
group. These findings suggest that the first phase of problem-solving of the adapted
Polya Model is appropriate for the learning of programming algorithms.

3. A person is charged an enfrance fee omoo when he parked his car at 2 hotel VIP
paring area. An additional parking fee of RMA.00 pe hour wil e charged f he parked
more than fie hours. Caleulte and display the payment that wil be charged for a

person[Based on the hours he parked his car.

-

s
Draw a flow chartto represent the solution ofthe problem based.

Figure 4a: An example of notations made on an answer sheet by a student in the
treatment group

3, A personis chargedan entncefe of RMHO.00 when he prked is car at ahoel VP
parking aea. An addional parking e of RM.00 perhour vl b charged f e prked
more than fve hours, Calulte and isplay the payment that il be charged for &

nerson based on the hours he parked his car.

Figure 4b: An example of notations made on an answer sheet by a student in the
control group

Next in the second phase of action planning, the researcher has identified the
necessary elements which is to determine the control structure used in developing the
programming algorithm. Over here, students need to identify the control structure
involved as well as determine the formula or formulas that need to be used to complete
the process to obtain the correct output result. Figure 5 shows the implementation of
the elements in the second phase on the post-test answer sheet of the treatment
group. However, students in control group did not specify any control structure that
need to be applied in the solution.

3, Aperson is charged an entrance fee of RM0.00 when he parked his car at a hotel VIP

parking (aresa. An addtional parking fee of RM2.00| per hour)will be charged if he parked
fon (>

n )
*3 gel‘n%?e than h)ve hours. Calculate and display the payment that wil be charged for a

person based on the hours he parked his car.

Figure 5: An example of notations (identifying selection control structure) made on
an answer sheet by a student in the treatment group.
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The third phase of problem-solving of the adapted model is to perform the
necessary actions to develop the required algorithms in the form of either pseudo-
codes or flow charts based on a given question. Figure 6a and Figure 6b show two
examples of flow charts drawn by a student in the treatment group and a student in
the control group on their answer sheets, respectively.

(start ) A
yE
\

/n:ev% hours/ 7~
A Y
|

v .
T AL g
—Nbours £

~_

[

f - |
Payment = p+ (hour¢ad)

,
| paymend = hours s ko

e

.

~ /pﬁi p/l.r'-]rr,ir‘i/,
|

“end )

Figure 6a: An example of a flow chart drawn on the answer sheet by a student in the
treatment group

/Vl
A
Figure 6b: An example of a flow chart drawn on the answer sheet by a student in the

control group.

As clearly shown in the above figures, the student in the treatment group
demonstrated a higher level of skill in developing programming algorithms compared
to his counterpart in the control group. In particular, he was able to identify the correct
formula and process to develop the required algorithms. Examining the answer sheets
of all students in the treatment group revealed that more than 80% of them were able
to develop complete algorithms correctly. By contrast, about half (50%) of the students
in the control group were able to do so, which is best exemplified by Figure 6b, showing
an incomplete flow chart made by one of the students in this group. Evidently, most
students in the control group could only correctly identify the elements of the first phase
of problem-solving, namely inputs, processes, and outputs, but they failed to identify
the control structure, operations, and formulas involved in the problem-solving
process, rendering them unable to plan and develop complete algorithms. This
particular finding reinforces the importance in determining the proper elements in each
phase of problem-solving to help students develop accurate, efficient programming
algorithms.

Scrutinizing the answers sheets of students in the control group showed that most
of them did not recheck their answers after they had developed the algorithms, as
there were no signs or notations made on their answer sheets to suggest some
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corrections were made as deemed necessary. This was in stark contrast with students
in the treatment group in which 60% did recheck their works by performing one of the
two reviewing methods as follows: by using dummy data in the chosen formula or
process or by repeating the previous phase of problem-solving several times to obtain
the correct answers (algorithms). This shows that reviewing the answer from the first
step is important to get the final result correct. The proposed adaptation model in
Figure 2 did not emphasize or point out that the review process must done either from
the first step or any other steps. However, based on the notations that done by
students from treatment group shows that the review process must either start from
first step or any step which is essential to get a correct answer. Accordingly, a slight
modification was made to revise the Polya Model by incorporating the above findings
in its fourth phase (review phase) of the problem-solving process as shown in Figure
7. Overall, the above findings helped the researchers to validate the elements
proposed for the adapted Polya Model, which were observed to be effective for the
learning of the development of programming algorithms.

Phases Elements:
Tt > !
| 1
: v
| Understanding 1. Input
- problem 2. Output
i 3. Process
1

1

1

: 4. ldentify control structure.
i 5. Use formula.

| 6.  Solve problem logically.
: 2

Executing actions 7. Draw flow charts or
write pseudo-codes

A 4
Review

8.  Check the final answer.

9.  Use dummy data to check
the programming
algorithms.

Figure 7: The revised Polya Model after reviewing students’ answer sheets.

To address the second research objective, the researchers performed a series of
independent-t tests to determine if there were significant differences in students’
learning performances of programming algorithms between the two groups. An
independent t-test performed on students’ pre-test measurements showed that there
no significant difference in their learning performances before the learning treatments,
t(28) = .621, p > 0.05, signifying that both groups were equivalent in terms of their
knowledge of programming algorithms. After the completion of the learning
treatments, both groups were post-tested with the same research instrument. Table 5
summarizes the descriptive statistics of students’ post-test measurements of learning
performances in programming algorithms.
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Table 5: Students’ learning performances after the learning treatments

Conventional 15 27.6 6.057

Based on the

adapted Polya Model R 4.014

An ensuing independent t-test performed on the students’ post-test measurements
showed there was a significant difference in the mean scores of learning performance
in programming algorithms between the treatment group and the control group, t (28)
= -6.39, p < 0.001, thus providing the evidence to reject the null hypothesis. In other
words, students in the treatment group outperformed those in the control group. Table
6 summarizes the results of the independent t-test performed on students’ post-test
measurements.

Table 6: The results of the independent t-test of students’ learning performances
after learning treatments.

Learning
performance in
programming
algorithms.

-6.39 28 0.0001

Detailed descriptive analysis was also performed to highlight the differences in
students’ mean scores of learning performance based on the level of difficulty. As
discussed earlier, the set of questions used for pre-testing and post-testing consisted
of six questions with three levels of difficulty based on Bloom’s Taxonomy, namely low,
intermediate, and high, with each being represented by two questions. Table 7
summarizes the mean percentage points of students’ learning performances in the
three categories of questions after the learning treatments.

Table 7: Mean percentage points of students’ learning performances based on three
levels of difficulty.

Treatment 100 72.9 81.39

Control 89.17 56.67 42.78

As shown, students in both groups scored high mean percentage points (100 vs.
9.17) for the first two questions that were based on the low level of difficulty, the
difference of which was 10.83%, which was considered quite small. For the third and
fourth questions of intermediate level of difficulty, their mean percentage points (72.9
vs. 56.67) dropped quite significantly, resulting in a difference of 16.3%. Such a drop
in performance indicated that students, especially in the control, had some difficulties
to solve the questions at this level of difficulty. For the remaining last two questions of
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high level of difficulty, the mean percentage points of learning performance of students
in the treatment group and in the control group dropped to 81.39 and 42.78,
respectively. Clearly, the drop in learning performance of the former was quite small
compared to that of the latter, which at 38.61% was massive. This finding indicated
that students in the control group were overwhelmed by the difficult questions, making
them unable to solve such questions correctly. Overall, the above findings suggest that
the use of the adapted Polya Model can help programming students gain strong
HOTS, with which they can solve a range of problems in programming algorithms,
especially those of high level of difficulty.

DISCUSSION

In principle, the Polya Model involves four phases of problem-solving, namely
understanding the problem, planning actions, executing actions, and reviewing. In this
study, the researchers used the same terminology for each phase of the problem-
solving process but the elements in each phase were adapted to the learning of the
topic of algorithms to ensure students can learn to solve programming problems more
easily and systematically. The analysis of students’ notations on the post-test answer
sheets in the treatment group showed they were able to identify such elements
correctly, indicating that the elements of first phase of the problem-solving process
helped them to understand the problems posed in the questions more clearly.
Evidently, such an understanding of problems in this phase helped them to confidently
proceed to the next phase of the problem-solving process. By contrast, most students,
except a handful, in the control group were not able to clearly understand the same
problem, given the lack of evidence in the form of notations made on their answer
sheets. This finding suggests that the conventional learning method does not provide
a clear guideline to help students discern the appropriate requirements of how to solve
guestions (especially those of high level of difficulty) at the early stage of the problem-
solving process. Clearly, a lack of such discernment will complicate students’ attempts
to carry out the next phase of the problem-solving process.

In the second phase of the Polya Model, namely the action planning phase,
students were required to determine the control structure involved in the construction
of algorithms, which could be a single control structure, a sequence of control
structures or a repetition of control structures. This process of determining the
appropriate control structure was proposed by Yew [36], who stressed its importance
in ensuring the final algorithms developed would free of errors. The analysis of post-
test answer sheets of students in the treatment group showed that all of them managed
identify the control structures involved correctly for all questions. On the other hand,
the same analysis showed only a handful in the control group were able to do so. More
revealingly, it was observed that there were some students in this group who did use
any form of control structure in developing their algorithms, signifying their inability to
decompose the given problems. Clearly, such a failure in this phase would be
detrimental to their efforts to successfully carry out the ensuing phases of the problem-
solving process.

The ensuring phase, namely the execution phase, of this adapted model entailed
students to develop the required algorithms by identifying the relevant types of
algorithms which could be developed in either pseudo-codes or flowcharts. To perform
these tasks, the student had to rely on the elements that they had identified earlier in
the first and second phases. Surely, the development of complete, correct algorithms
depended on their abilities to identify such elements to meet the requirements of the
given questions. The analysis of students’ post-test answers of the treatment group
showed that they were able to develop correct, complete algorithms. Arguably, this
stemmed from students having correctly identified the appropriate inputs, outputs, and
processes in the first phase and the correct control structure in the second phase. By
contrast, more than half of students in the control group were unable to develop such
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algorithms. It could be reasonably argued that they, unlike their counterparts in the
treatment group, had not been able to correctly determine the required inputs, outputs,
processes, and control structure in the preceding phases.

The fourth and final phase of the adapted Polya Model entailed students to review
of the algorithms that had been developed. The analysis of students’ post-test answers
of the treatment group showed they applied the two reviewing methods taught in their
classes. The first method involved using dummy data as substitute values to test
whether the development process of algorithms chosen was correct. On the other
hand, the second method involved repeating the steps taken in the previous phase to
finally produce complete, precise algorithms. These findings demonstrated that
students did review their answers (algorithms), helping them to identify the
inaccuracies of or errors in their algorithms. Such reviewing steps were, however, not
performed by their counterparts in the control group, as evidenced by a lack of
evidence in terms of notations scribbled on the latter's answer sheets. Arguably, this
particular finding might be attributed to a lack of emphasis by the conventional learning
method on the needs to review algorithms that had been developed. Moreover, many
strategies, models, or techniques that commonly used in learning programming does
not emphasize in reviewing the algorithm [2, 3, 9-12] Mostly the focus is on
programming coding and the reviewing process is done after the code is developed
which is debugging process. The disadvantage of this strategy is that the students will
be more focusing on syntax errors instead of logic errors. Furthermore, by reviewing
the algorithm before the coding the phase, chances of logic error occurring in coding
can be reduced.

Overall, the above findings showed the use of the detailed elements of the Polya
Model in the learning of algorithms helped guide students in the treatment group to
solve programming problems more systematically and enhance their problem-solving
skill. By using such elements of the problem-solving phases of the adapted model,
they were able to apply the principles and concepts of algorithmic programming that
they had learned to correctly determine the correct solutions in developing precise
algorithms. As such, these findings underscore the imperative of using relevant
problem-solving techniques or models in the teaching and learning of computer
programming, which have been widely used in previous studies [8, 16, 22, 23, 25, 34].

Another important revelation of this study concerns the differences in students’
learning performances between the treatment and control groups, with the former
outperforming the latter. Such differences were not significant for questions of low and
intermediate levels of difficulty based on Bloom Taxonomy. But for questions of high
level of difficulty, the differences were massive. Arguably, from the cognitive
perspectives, solving problems based on the first two levels of difficulty only
necessitated low-level thinking skills. By contrast, higher-order thinking skills were
required to help students solve problems of high level of difficulty, with which they
could analyze such problems more critically.

According to Persaud [27], the highest cognitive levels of Bloom Taxonomy are
evaluation and creation. Arguably, students in the treatment group might have reached
such levels, as they had successfully created appropriate pseudo-codes and
flowcharts by incorporating several control structures in the solution to problem given
in the final question of the post-test. Effectively, this showed that their strict adherence
to the problem-solving steps of the Polya Model helped them to develop or create
complete working algorithms. By contrast, most students in the control group did not
answer this question, indicating that they lacked the thinking skills required to help
them identify and use the elements of logic in generating the proper solution, which
they should have done in the previous phase. The above findings are consistent with
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previous findings that show the use of appropriate problem-solving models, including
the Polya Model, in the teaching and learning of computer programming can enhance
students’ understanding and improve their learning performances [2, 18, 31]

As demonstrated in this study, the use of the Polya Model can assist students to
think at the highest level of thinking, which can certainly help them to solve complex,
difficult problems [7]. Likewise, the use of such of a model can help students to improve
their problem-solving skills, which had been demonstrated in this study that showed
students in the treatment group were able to perform the abstraction process in solving
the problems. Additionally, as revealed in their answer’'s sheets, they seemed to
possess a firm understanding of the concept of programming at the early stage of
solving the programming problems before they started the coding process. In this
regard, according to Stefania et al. [16], a lack of exposure to computing features will
make it difficult for students to understand the underlying concepts of programming.
Thus, it can be reasoned that the use of the Polya Model can help students learn
programming languages more efficaciously by focusing on basic programming
concepts, such as the control structure, before they start learning more difficult or
abstract programming concepts, such as functions, arrays, and pointers

Finally, the findings showed that the use of Polya Model helped expose students
to the proper learning cycle that trained them to perform all the steps of the problem-
solving phases by first completing the steps of the first phase before proceeding the
subsequent phases. Effectively, by strictly following the learning cycle, students can
understand the basic underlying concepts and acquired the necessary skills, as
emphasized by [24]. Collectively, the findings of this research suggest that the use of
such a model is effective in enhancing students’ problem-solving skills, which tends to
concur with the recommendations made by other researchers [10, 15, 17]. The
imperative to use the Polya Model has become more pressing of late, given that the
learning of computer programming has been found to be extremely challenging [31,
33]due to a lack of problem-solving skills among programming students [10, 14]The
findings of this study also revealed by tapping on HOTS students make connections
between new knowledge and previous ones, thus allowing them to construct
meaningful learning. Thus, we can conclude that the use of Polya Model adaptation
helps students master programming skills and knowledge more quickly and
meaningfully.

CONCLUSION

Obviously, effective teaching and learning methods are essential to helping
students, especially novice students, to learn challenging, difficult courses at the
collegiate level, such as computer programming. As demonstrated in this study, the
use of an adapted version of the Polya Model as an innovative problem-solving method
in the teaching and learning of the development of programming algorithms can help
students learn more systematically and meaningfully. Finding shows by using Polya
model as a teaching and learning method in algorithm development in the matriculation
center has helped the students’ enhance their skill in programming. In other words, the
elements of the problem-solving phases of the model were made more explicit and
detailed to guide students to solve programming problems more effectively, which they
demonstrated by their abilities to create accurate algorithms, the process of which
helped them develop strong HOTS. Thus, the findings of this study reinforce the
importance in tailoring any problem-solving methods, such as the Polya Model, to meet
the specific needs and requirements of a particular course, which in the final analysis
can help improve students’ learning performances and thinking skills.
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