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Abstract

This study aimed to test the effect of flow charts on math achievement and thinking skills of
third year students. A quasi -experimental design of unequal groups was used. A quasi -
experimental quantitative approach of unequal groups was used in this study. The selection
of study participants was done by group random sampling to involve 60 third year students
in a national school in Petaling District, Selangor. Respondents were divided into two groups,
namely 30 students in the treatment group and 30 students in the control group. The study
used two main instruments, namely the mathematical achievement test and the high -level
thinking skills test. Data were analysed using t-test to see the mean difference. The findings
showed that there were significant differences of post-test between the control group and
the treatment group. The findings show that the flow chart method has a positive effect on
the mathematical achievement test and the critical thinking skills test. In conclusion, the flow
chart method can be used as an alternative method for students and teachers to solve
sentence -length mathematical problem-solving questions. It is hoped that this study can be
used as a reference and give implications to teachers' teaching methods. It is also hoped that
this will support the efforts of the Ministry of Education Malaysia in achieving the aspirations
of students.

Keywords: Mathematical Problem Solving, Flow Map Method, Higher Order Thinking Skills
Mathematics Education, Mathematic Teaching Technique

Introduction

Human capital development is a National Mission that needs to be achieved. This aims to
produce citizens who are knowledgeable, skilled, and highly skilled. In addition, students will
be equipped with communication skills, leadership, information and communication
technology skills, thinking skills and practice lifelong education (Ministry of Education
Malaysia, 2006). The importance of developing human capital can be seen in the success of
example countries such as Japan, South Korea, China and European countries. With
knowledge, trained skills and high expertise, these countries have successfully developed
their country.
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The Ministry of Education Malaysia (2007) through the National Strategic Plan for Higher
Education outlines one of the seven main thrusts is to improve the quality of teaching and
learning. This provides an opportunity for teachers, lecturers and educators to strive to form
quality human capital. In line with current needs, students need to be able to be independent
and take advantage of the learning session experience. The application of the elements of
thinking skills in particular needs to be implemented so that the human capital that is born
has added value so that they can be competitive in the job market later.

Improving the level of individual thinking skills is the first step in producing a group of thinkers.
Thinking is a process that involves the human mind through the interweaving of knowledge,
skills and values. Thinking skills are defined as the management of the mind while processing
the information received whether in the form of knowledge, skills or values (Ministry of
Education Malaysia, 1994). According to the Ministry of Education Malaysia (1994) again,
thinking skills are divided into two groups, namely critical thinking skills and creative thinking
skills. These skills occur when individuals use the mind in defining, generalizing,
characterizing, analysing, predicting, interpreting, exploring and solving information or
problems. These skills help individuals formulate opinions, generate ideas, critique, make
mental pictures, draw conclusions and relate the information received. Thinking skills are also
divided into elements of interpretation, evaluation, analysis, inference, explanation -making
skills and self -control skills (Gelerstein et al., 2016). These skills can be applied through verse
problem-solving questions in mathematics subjects.

In Malaysia, curriculum changes were implemented starting in 2011 by naming the curriculum
as the Primary School Standard Curriculum (KSSR). The goal of KSSR in the subject of
Mathematics is to develop students' understanding of basic counting skills and number
concepts correctly. In addition, the KSSR curriculum also forms a balanced and competitive
human being to the level of globalization. One of the subjects that can improve such thinking
skills is mathematics. Hidayah and Zanaton (2017) stated that mathematics is a challenging
subject especially for primary school students. At this level, mathematics is a core subject that
emphasizes understanding of concepts, mathematical language, counting skills, problem
solving skills and mastery of the noble values associated with Mathematics.

The operations of addition, subtraction, multiplication and division are the four basic
operations that need to be mastered by students (Bachri & Nurdyansyah, 2017). However,
there is a constraint faced by most students that is lack in problem solving skills. Their failure
to master problem -solving skills has disrupted the subsequent learning process and caused
them to fail in primary school assessments. Analysis from the study of Ariffin and Aziz (2016)
shows that there are non-routine question forms in problem solving questions. Non-routine
guestions require students to think outside the box and cause students to be less confident.
Thus, there is a need for teachers to develop teaching aids that can help students master
these skills. Teachers should create a variety of learning experiences in the classroom so that
they can improve the level of knowledge and skills of students (Yap & Rahaimah, 2018). This
has been implemented by Afifi et al (2019) who have implemented innovations for teaching
and learning approaches. The new technique or innovation developed is also expected to
have a positive effect on students' critical thinking skills. Therefore, this study aims to test the
effect of flow chart method on mathematical achievement (problem solving) and thinking
skills of year 3 students.
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Flow Map Method

The Polya problem -solving model was introduced by a Hungarian mathematician named
George Polya by publishing the book “How to solve it” in verse problem-solving questions. He
describes four phases for good problem solving. However, the first phase is to understand the
problem. Without understanding the meaning of the problem, students can plan strategies
to solve the problem. There are various strategies such as trying to succeed, patterns, drawing
pictures, using models, acting, making lists and so on. Next, implement appropriate strategies
for solving sentence -length problems. The fourth phase is to review the solutions that have
been completed. Therefore, the researchers still used the phases of the Polya model but
modifications were made according to the level of understanding of the third-year students.

The flow chart method is a modification of the Polya (1957) model. This method is a method
built specifically on mathematical sentence problem -solving questions for year three addition
topics. The transformation of the Polya (1957) model to the flow chart method can be seen
in Figure 1.

e N

[ Polya Model ]

Understand Make a Plan Carry out Look Back at
\The Problem the Plan Solution /

4 N\

[ Flow Map Technique ]

[ Given ][ Wanted ][ Operation ] Execute the
‘ strategy \

Figure 1. Flow Map Versus Polya Model

To explain the method of using this flow map, the researcher gave an example of a question
that is “Mrs. Safiya bought 2632 white buttons and 3956 black buttons. How many buttons
did Mrs. Safiya buy?.”

In the first stage, the researcher names the initial steps as given. Here, students need to
understand the sentence and gather the information given by the question.

Given: This means every piece of information needs to be listed.
Mrs. Safiya bought 2632 white buttons
Mrs. Safiya also bought 3956 black buttons
Wanted: At this second level, students need to write down what the question requires
Based on the sample of questions, then the amount sought
Operations: At this stage, students need to identify what operations need to be used
Based on the example, then the appropriate operation is addition
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Execute the strategy: At this stage, the student performs or completes the operation.
This method has shown detailed steps that help students solve sentence-length math
problems. The flow chart method is more appropriate and easier for students to understand.
This method also focuses on information that can guide students to interpret the solution of
verse problems more clearly.

Methodology

Research Design

To test the effect of this flow chart method, researchers have used a quasi -experimental
design of uneven groups. The process began by dividing the study sample into two groups.
The groups were called the treatment group and the control group. At the beginning of the
study, researchers gave pre-math achievement tests and pre-tests of high-level thinking skills
to both groups. The selection of an experimental method is appropriate if a study wants to
look at the relationship between cause and effect (Fraenkal et al., 2012; Gay et al., 2009). The
design of experimental studies is divided into two, namely true experiments and quasi
experiments (Campbell & Stanley, 1963; Cohen et al., 2007). Since the researchers did not
randomly divide each group member, the researchers chose quasi -experimental as the study
design. Interventions were given to both groups where the treatment group was taught using
the flow chart method, while the control group used the conventional. The intervention
lasted for 4 weeks. Upon completion of the fifth week, post-test of mathematics achievement
and post-test of high-level thinking skills were given to both groups. The implementation of
this study can be illustrated in Figure 2.

Pre-Test Conventional Posttest

Pre-Test Posttest
Flow Map method

Figure 2. Implementation of the Study

Population and Sample of the Study

The population of this study is year 3 primary school students in Petaling district, Selangor.
According to Creswell (2012), cluster sampling techniques can be implemented as follows.
Researchers have chosen Selangor as the research location. In the state of Selangor, there are
9 districts. District selection was done using a simple random sampling technique through the
fish bowl technigue. The implementation of this election is done with the following steps:

Write a list of districts on torn white paper.

l. Roll up and Put the white paper in the container.

Il. Select one paper to be the sample location (district).
This process is also carried out for the selection of schools in the Petaling district. 60 students
have been selected. The students were then divided into two groups, namely 30 students in
the control group and 30 students in the treatment group.
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Research Instruments

The data collected in this study were mathematical achievement (addition) and high -level
thinking skills. To collect the study data, the researchers have used the mathematical
achievement test of the topic of addition and the test of high -level thinking skills in the topic
of addition. The math achievement test and the thinking skills test contain 10 subjectively
shaped questions. Researchers have implemented a validation process on both instruments.
The value of content validity for both instruments is equal to 1. The researcher has appointed
3 experts in the field of mathematics and 3 experts in the field of thinking skills during the
content validation process. A pilot study was conducted and the reliability value of the
instrument has exceeded 0.70. So, the instrument has good validity and reliability

Data Analysis Methods

Researchers initially analysed the initial data with normality tests to determine the
distribution of the data studied. Subsequent analysis was made based on the distribution of
the data. The findings indicate that the data collected are normal based on significant values
exceeding 0.05 for the Shapiro-Wilk test. This test is suitable for use to review the normality
of data less than 100 (Coakes, 2007). Since the data were normal, the researchers used
independent samples t-test and repeated measurement t-test to identify the difference
between the mean.

Findings

The findings are explained through the hypotheses made. First, there was no significant
difference in the mean of pre -test mathematical achievement and high -level thinking skills
between the treatment group and the control group. Independent sample t -test analysis
showed that there was no significant difference in pre -test mathematical achievement scores
between the control group (mean = 2.40, sd = 0.50) and the treatment group (mean = 2.63,
sd = 0.49), t (29) = - 1.88, p 2 0.05 i.e. 0.70). The mean score difference between these two
groups was 0.23. While the findings of high -level thinking skills also showed no significant
difference for pre -test between the control group and the treatment group. Mean for control
group (mean = 1.76, sd = 0.41) and treatment group (mean = 1.72, sd =0.29), t (29) =0.47, p
2 0.05 i.e. 0.64. The mean difference of high -level thinking skills between these two groups
was 0.39. These findings can be seen through Table 1 and Table 2. This indicates that both
groups have similar levels of mathematical achievement and high-level thinking skills. Thus,
both groups were considered to have equivalence in both variables.

Table 1
Findings of independent sample t-test analysis for Pre-mathematic achievement
test between control group and treatment group

Group Mean Standard Differences t df Sig.
deviation

Control 2.40 0.50 -0.23 -1.88 29 0.70

Treatment 2.63 0.49
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Table 2
Independent sample t-test analysis of the pre-test of High Order Thinking Skills between the
control group and the treatment group

Group Mean Standard Differences t df Sig.
deviation

Control 1.76 0.41 0.39 0.47 29 0.64

Treatment 1.72 0.29

The second hypothesis for this study was that there was no significant difference in mean
scores of achievements and high -level thinking skills between pre -test and post -test in the
control group. The findings indicate that the mean comparison in achievement scores and
high -level thinking skills in the control group. The results of repeated measurement t-test
showed no significant difference of mean score of mathematical achievement score and high-
level thinking skills for the control group between pre-test and post-test. This means that the
intervention process carried out did not successfully show changes to both variables. Findings
can be seen in Table 3 (t (29) = 0.81, p 2 0.05 which is 0.42) and Table 4 (t (29) = -1.34, p 2
0.05 which is 0.17).

Table 3
Analysis of t-test repeated measurement of mean mathematic achievement test for Pre and
Post-test of Control group

Test Mean Standard Differences t df Sig.
deviation
Pre 2.40 0.50 0.07 0.81 29 0.42
Post 2.33 0.48
Table 4

Analysis of repeated measurement t-test for pre-test and post-test of Higher Order Thinking
Skills control group

Test Mean Standard Differences t df Sig.
deviation

Pre 1.76 0.41 -0.15 -1.34 29 0.17

Post 1.91 0.40

The third hypothesis is that there is no significant difference in the mean score of
mathematical achievement and high-level thinking skills between pre and post-tests in the
treatment group. The results of repeated measurement t-test showed that there was a
significant difference between pre-test and post-test for both enablers variables namely
mathematical achievement t (29) = -24.08, p < 0.05) and high -level thinking skills t (29) = -
41.94, p = 0.00. Both p values show less than 0.05. So, there is a significant difference. This
can be seen in Table 5 and Table 6.

Table 5
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Analysis of repeated measurement t-tests for mathematic achievement between Pre- and
Post-tests of the Treatment group

Test Mean Standard Differences t df Sig.
deviation
Pre 2.40 0.50 -0.23 -1.88 29 0.70
Post 2.63 0.49
Table 6

Repeated measurement t-test analysis of mean high order thinking skills pre-test and post-
test treatment group

Test Mean Standard Differences t df Sig.
deviation

Pre 1.72 0.29 -2.81 -41.94 29 0.00

Post 4.53 0.30

The findings show that the flow chart method successfully has a good effect on both variables

The fourth hypothesis was that there was no significant difference in the mean scores of
achievements and thinking skills in the post -test between the control and treatment groups.
In the findings of the study found that there is a mean difference in mathematical
achievement scores and high -level thinking skills for the post-test between the control group
and the treatment group. The findings can be seen through Table 7 (t (29) = 19.34, p 0.00)
and Table 8 (t (29) = 28.17, p 0.00). where both variables have a p value of less than 0.05.

Table 7
Independent sample t-test analysis for post-test of mathematic achievement
between Control group and Treatment group

Group Mean Standard Differences t df Sig.
deviation

Control 2.33 0.48 -2.30 -19.34 29 0.00

Treatment 4.63 0.49

Table 8

Post-test independent t-test analysis of high order thinking skills between the
Control group and the Treatment group in the post-test

Group Mean Standard Differences t df Sig.
deviation

Control 1.91 0.40 -2.62 -28.17 29 0.00

Treatment 4.53 0.30

Thus, the flow map method has had a positive effect on students ‘mathematical achievement
and high -level thinking skills.
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Discussion and Conclusion

The use of the flow chart method implemented in this study is indeed effective for third year
students on two main variables, namely mathematical achievement and high -level thinking
skills. This study also contributes to the use of teaching techniques as implemented by
(Muhamad et al., 2018; Afifi et al., 2019). If a transformation is made to a teaching approach,
method or technique. Thus, a positive impact will result.

Thus, the flow map method can be used by teachers to teach students to solve sentence
problem -solving questions in addition operations. These skills are very important to be
mastered by students so that they do not fall behind in mathematics. These skills are
fundamental to other skills in mathematics (Yazgan, 2015; Hassan et al., 2019). If students can
master mathematical problem -solving skills, they can also master high -level thinking skills
(Ismail et. al., 2020).

The flow map method introduced has systematic steps that can be used as a guide by
students. This method is also suitable to be practiced by teachers during the teaching and
learning process. Teachers can act as facilitators as suggested by (Abdullah et al., 2019). Thus,
teachers can diversify methods to help students in mastering and solving verse math
problems. This method can be used as an alternative method by teachers. It is hoped that this
will help the country to achieve the aspirations of students indirectly so that international
assessment scores such as Trends in International Mathematics and Science Study (TIMSS)
and the Program for International Student Assessment (PISA) can be improved.

In conclusion, the use of flow map method in sentence problem solving questions can help
students deal with mathematics learning problems. Pupils are also able to improve their math
achievement scores and master high order thinking skills. Therefore, Mathematics teachers
need to use interesting, creative and innovative teaching methods in the teaching of
mathematics learning. Questions in the form of daily life can be constructed and solved using
this flow chart method. This in turn gives a clear picture to students that mathematics exists
in their daily lives. The use of this method may also be able to increase student motivation.
Therefore, research related to motivation can be conducted later. This method contributes
towards the development of national aspirations.
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