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Abstract: - This study aims to develop and assess the effectiveness of the HOTS Mathematical Problem Solving Framework (HMPSF) with
the Bar Model Strategy on the achievement of Year Five Students. This study is a design and development study involving three phases.
The first phase is a needs analysis study administered to 65 National School Mathematics teachers and 102 Year 5 students. The second
phase is the design and development phase using the Fuzzy Delphi method involving 15 experts in Mathematics Education. Phase three is
the implementation and testing phase of HMPSF with the Bar Model Strategy. In this phase, the study was conducted through a quasi-
experimental design of a non-equivalent group of pre-post analysis involving 63 Year Five students from two schools in Kinta Utara
district, Perak, Malaysia. The sampling process is done randomly. Data were analyzed through ANOVA and MANOVA. The needs analysis
conducted show that 92.2% of teachers and 98.04% of students stated that there is a need to develop the HMPSF. Fuzzy Delphi analysis
showed that the three main conditions were met (i) Threshold value, D < 0.2, (ii) Percentage of expert agreements,> 75% and (iii) a-cut
value (Fuzzy score), > 0.5. This finding shows that the HMPSF with the Bar Model Strategy has been successfully developed through the
agreement of 15 experts. The findings in phase three indicate that there is a significant difference in the mean of the post-group test for
student achievement. The findings of the Multivariate Pillai’s Trace test also show that there is a significant effect between the pre and post-
test. In conclusion, the HMPSF with the Bar Model Strategy developed is proven can enhance student achievement. Conclusively, the
HMPSF with the Bar Model Strategy is suitable as a main guide for teachers and students in strengthening problem-solving skills in the
field of Numbers and Mathematical Operations.
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I. INTRODUCTION

The concept of higher-order thinking skills (HOTS) has been the emphasis through the transformation of the
curriculum implemented in the Malaysian Education Development Plan (PPPM) 2013-2025. It aims to increase
the creativity and ability of students to solve problems to meet the challenges of the 21st century in order for
Malaysia to compete internationally [1]. Through PPPM, the number of problem-solving questions in the form
of HOTS, especially in Mathematics, will increase yearly in public examinations in Malaysia [2]. In addition,
the performance of our country's education at the international level will also be assessed by the extent to which
our students are able to solve problems in the form of HOTS in international assessments such as TIMSS and
PISA. Based on PPPM, our country's target in TIMSS and PISA is to be in the top third group within the next 15
years [2].

A. Problem Statement

The increase in the number of HOTS problem-solving questions, as high up to 80% in public examinations in
Malaysia by 2016 as contained in the MEB [2] is seen as a surprise to students and could not be very well
handled [3]. The results of the Elementary School Achievement Test (UPSR) 2016 which is a public
examination in Malaysia for Year 6 students showed that the student’s performance significantly declined
compared to the previous years. The National Average Grade points that showed a significant decrease in the
2016 UPSR Examination occurred due to the existence of HOTS problem-solving questions where that
challenge the candidate's level of thinking [3]. Meanwhile, the UPSR results in 2018 and 2019 showed that the
largest percentage of students' marks for the subject of Mathematics was in grade D, which only reached the
minimum level with 29.8% in 2018 and 30.23% in 2019 [4], [5]. Moreover, the student’s poor performance in
solving mathematical problems was also proven in international assessments, especially TIMSS and PISA. For
Mathematics subjects, the performance of our students in TIMSS which started in 2007, and PISA which started
in 2009, did not reach the target and were below the international average achievement [6]-[8]. This caused our
country to be in the bottom third group until the latest round.
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The study shows that the HOTS problem-solving questions that prevailed in it are the main cause of this
problem [6], [9]. Malaysian students are still having difficulties solving problem-solving questions, especially
the HOTS level Mathematics [10]. Mathematical facts, knowledge and skills were unable to be applied when
solving mathematical problems, especially when involving HOTS elements [9], [11]. Students were also not
used to solving problem-solving questions in Mathematics involving HOTS elements [12].

This problem exists because the pupils cannot comprehend the problems posed in the problem-solving
questions, students are unable to understand the concept, accompanied by a lack of basic mathematical facts and
various other related problems [6]. If this situation is allowed to continue, it is feared that the most worrying
problem will arise in learning Mathematics, that students will not be interested in solving Mathematics problem-
solving questions [13].

The inability of students to answer HOTS Mathematics problem-solving questions is a serious matter and needs
to be given extra observation. This is because students who constantly face this cycle of failure, not only will
affect their motivation, but also their attitude and self-confidence [14]. Simultaneously, it will also affect the
educational performance of our country globally. Therefore, we need to identify an appropriate strategy or
method to help students understand and be able to solve problem-solving questions involving HOTS in
Mathematics better [3]. In this matter, teachers have to play a very important role. Teachers who have a good
HOTS strategy will produce students who are HOTS literate [15].

Studies that have been carried out by [9], [16], [17] as well as [18], found that the Bar Model strategy is an
effective method that can help enhance pupils' performance in solving mathematical problems with HOTS
elements. The Bar Model Strategy is one of the best methods for solving mathematical problems in Singapore
[19]. Singapore always reaches the top in TIMSS and PISA on every round to date. However, not many studies
have been carried out until now to develop a framework that teachers can use as guidance to apply the Bar
Model strategy effectively in their teaching and learning (TnL) sessions. This gap provides a reasonable
justification to researchers in the need to develop the HOTS Mathematical Problem-Solving Framework
(HMPSF) with the Bar Model Strategy. This framework that was developed will be able to provide the best
reference to teachers in their efforts to guide their students to solve problem-solving questions involving HOTS
elements in Mathematics well through the Bar Model strategy.

B. Research Objective and Research Questions

The objective of the research are (i) to identify the need to develop a HOTS Mathematics problem-solving
framework; (ii) to develop a framework for solving-problems in HOTS Mathematics with the Bar Model
strategy based on the agreement of experts and (iii) to test the effect of using the HMPSF framework with the
Bar Model Strategy on the achievement of Year Five students on Number and Mathematical Operations HOTS
problem-solving, compared to conventional methods. The research questions that need to be answered are (i)
What is the need to develop a problem-solving framework for HOTS Mathematics?, (ii) Does the developed
HMPSF framework with the Bar Model Strategy attain the expert agreement? (iii) Is there a significant
difference in the mean of the HMAT post-test, between the treatment group and the control group? (iv) Is there
a significant difference in mean HMAT achievement, between pre-test and post-test for the treatment group?
and (v) Is there a significant difference in mean HMAT achievement, between pre-test and post-test for the
control group?

Il. PROCEDURE
A. Research Design

In this study, the Design and Development Research (DDR) proposed by [20] was used. This DDR is a
modification of the DDR proposed by [21]. According to [20], DDR is capable of providing reliable and useful
information. Three phases that need to be carried out in this modified DDR. The first phase is the needs
analysis, the second phase is the design and development and then the third phase is the implementation and
evaluation. In the first phase, a needs analysis was conducted to identify the need for the development of the
HMPSF framework with the Bar Model Strategy. Needs analysis was administered to 65 teachers and 102
students based on McKillip's 1987 Mismatch Model.
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In the second phase, the Fuzzy Delphi Method (FDM) was the main method used to obtain the expert
consensus. FDM is an appropriate method to be used as a tool to obtain expert agreement [22]. In this phase, 15
experts in Mathematics education were appointed as the expert assessors of the HMPSF framework with the Bar
Model Strategy developed based on the recommendation of [23]. This experts group consists of three
Mathematics Lecturers from Public Universities, three Mathematics Lecturers from the Teacher Education
Institute, three Excellent Mathematics Teachers and six Teachers with experience teaching Mathematics for
over 10 years. Through FDM, the process of obtaining expert agreement is carried out in two rounds. The first
round is through a structured interview while the second round is through a questionnaire developed from the
result of the interview findings in the first round and also the needs analysis findings. Structured interviews were
administered until reaching a saturation level [24] involving seven out of 15 experts to determine what
components are required in the framework of the HMPSF with the Bar Model Strategy as well as to verify the
need to conduct this study. After the structured interviews were completed, a prototype of the HMPSF
framework with the Bar Model Strategy
was developed to obtain expert agreement along with an expert evaluation questionnaire. The questionnaire that
was developed was referred back to seven experts who were interviewed to obtain validity through the Content
Validity Index (CVI) method before it was administered in the second round of FDM. Findings show that this
expert evaluation questionnaire has satisfactory validity with the S-CVI value of 1.0 [25]. After the validity was
obtained, this questionnaire was administered to 15 experts to obtain their agreement on the prototype of the
HMPSF framework with the Bar Model Strategy that was developed. In FDM, three conditions can be used in
verifying whether a component, item or element developed is agreed upon by a group of experts [22], namely:

i Requirement 1 : using the value of Threshold, d [26], [27]. The Threshold value, d determined by using
this formula :

d(m, ) = \/% [(my —ny)? + (my —ny)% + (M3 — n3)?

If d < 0.2, the item is accepted. If d > 0.2, the item is not accepted or a second round need to be done with
experts who disagreed.

ii. Requirement 2 : According to Delphi Tradisional method [28], [29]. This requirement states that an
item will be accepted if the percentage of the expert consensus is > 75%

iii. Requirement 3 : Based on a-Cut [30], [31]. The a-Cut value is the middle value or the median between
the fuzzy (0 — 1) number. This means the value of a-Cut is 0.5. If the value score fuzzy (Amax) is more than 0.5,
then the item is accepted based on the expert consensus.

In the third phase of DDR, the HMPSF framework with the Bar Model Strategy developed was tested for its
effectiveness by evaluating the achievement of Year Five students in the classroom. The effectiveness of this
framework was tested using a quasi-experimental method through a quasi-experimental design of pre-test and
post-test unequal groups based on the Concept-Input Process-Product Model. Testing the effectiveness of this
framework is conducted through TnL sessions in the classroom over 8 weeks. For this purpose, the module for
using the HMPSF framework with the Bar Model Strategy was developed based on Sidek's Module
Construction Model as a guide for applying the HMPSF framework with the Bar Model Strategy in the
classroom. A quantitative approach was utilized to see the difference in the mean score of students' achievement
in solving math problems in the form of HOTS before and after undergoing treatment using the HMPSF
framework with the Bar Model Strategy. The difference in mean student achievement scores in solving math
problems in the form of HOTS is deducted through the pre-test and post-test. This approach contains two
groups, the Control Group (CG) consisting of 33 students and the Treatment Group (TG) consisting of 30
students. CG went through the TnL process conventionally while TG went through TnL using the HMPSF
framework with the Bar Model Strategy through the framework usage module. Overall, the process of
developing and testing the effectiveness of the HMPSF framework with the Bar Model Strategy on the
achievement of Year Five students in answering problem-solving questions and mathematical operations in the
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form of HOTS using Isman's Instructional Design Model (2011) as a backup model. Isman's Instructional
Design Model has been the interest of many DDR study practitioners [20].

B. Research Instrument

In the first phase, two instruments were utilized, namely the teachers' needs analysis questionnaire and the
students' needs analysis questionnaire. In the second phase, two instruments were used which structured
interviews and a questionnaire. Through FDM, the process of obtaining expert agreement was done in two
rounds, namely a structured interview (round 1) and an expert validity questionnaire (round 2). This
questionnaire was adapted from the questionnaire proposed by [22]. The developed questionnaire was referred
back to the 7 experts for confirmation through the CVI Method. A validated expert validity questionnaire was
administered to all 15 experts in the second round to obtain their agreement on the components contained in the
HMPSF framework with the Bar Model Strategy

In the third phase, the HOTS Mathematics achievement test instrument (HMAT) was used. HMAT consists of
eight problem-solving questions and Mathematical operations in the form of HOTS. The validity of HMAT was
obtained through the CVI method from 10 Mathematics education experts, including three Mathematics
lecturers, three excellent Mathematics teachers and four teachers with more than 10 years of experience teaching
Mathematics. Findings show that the HMAT Instrument has satisfactory validity as the S-CVI/Ave value is 0.89
[32]. The reliability of the HMAT instrument was obtained through a pilot study conducted through a test and
retest method on 33 Year 5 students with a Cronbach's Aplha value of .971.

C. Data Analysis Method

In the first phase, the data was analyzed quantitatively. In the second phase, the findings of the structured
interviews were analyzed through thematic analysis while the findings from the Expert Evaluation
Questionnaire form were analyzed using FDM. As discussed earlier, in FDM, three conditions that can be used
in verifying whether a component, item or element developed is agreed upon by a group of experts, namely: (i)
requirement 1 : using the value of Threshold, d (ii) requirement 2: According to Traditional Delphi method and
(iii) requirement 3 : Based on a-Cut value. In the third phase, the findings from the HMAT pre-test and post-test
were analyzed using ANOVA and MANOVA analysis.

I1l. RESULTS AND DISCUSSION

The needs analysis conducted show that 92.2% of teachers and 98.04% of students stated that there is a need to
develop the HMPSF. Findings from the structured interviews have identified four main components in HMPSF
with the Bar Model Strategy namely (i) concept, (ii) procedure / algorithm, (iii) representation and (iv) strategy.
There is one item under the procedure / algorithm component which is the Polya Model, and one more item
under the representation component and the strategy component which is the Bar Model Strategy. These four
items will be covered by two special components which are Values and Cybergogy. Cybergogy is a framework
for creating engaged learning online [33]. Through cybergogy, pupils can discuss online with their teachers or
friends to solve HOTS mathematical problems. Cybergogy components are identified based on three factors,
namely (i) the views of experts who were interviewed, (ii) literature studies that have been conducted and (iii)
the experiences of teachers and students when our country was hit by a pandemic and the movement control
order came into force.

All components and items have been identified through the guidance of a senior lecturer in Mathematics
education who is also one of the expert panel who has been interviewed. This selection is further strengthened
through a literature review that has been carried out. All of these components and items have secured expert
agreement in the second round of FDM. The findings from the questionnaire conducted in the second round of
FDM are shown in Table 1.

Table 1. Fuzzy Delphi Method Analysis For Expert Validity Questionnaire Form

Component Threshold Percentage Skor Expert
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& Item Value, d of Expert Fuzzy Consensus
Consensus  (A)
(%)
Concept 0.076 100 0.920 ACCEPT
Procedure 0.068 100 0.933  ACCEPT
Model Polya 0.092 100 0.902 ACCEPT
Representative 0.068 100 0.933 ACCEPT
Strategy 0.093 93.33 0916 ACCEPT
Bar Model 0.060 100 0.940 ACCEPT
Value 0.094 93.33 0.909 ACCEPT
Cybergogy 0.076 100.00 0.920 ACCEPT

Based on Table 1,

i Requirement 1: calculate the value of Threshold, d for each component and item < 0.2. So, this means
all components and items are acceptable.
ii. Requirement 2: it is found that the percentage of expert agreement for each component and item is >
75%. So, this means all components and items are acceptable.
iii. Requirement 3: obtained the value of a-Cut (Fuzzy score) for each component and item > 0.5. So, this
means all components and items are acceptable.

The overall findings from Table 1 show that all three conditions in the FDM have been met. This means that all
components and items in the HMPSF with the Bar Model Strategy have obtained expert consensus, have
satisfactory validation,are acceptable and can be used. Figure 1 shows the final framework of HMPSF with the
Bar Model Strategy

HOTS
4. Mathematical
Strategy

2.
Procedure

Problem Algoritin
Solving

3
Representative

Figure 1. HMPSF with the Bar Model Strategy

Based on Figure 1, the HMPSF with the Bar Model Strategy framework consists of four main components
(Concept, Procedure/Algoritm, Representative, Strategy) and two items (Polya Model, Bar Model Strategy).
These four main components and two items are covered by two special components namely Values and

Cybergogy.

In phase 3, before the MANOVA and ANOVA analysis was carried out, the basic conditions of its use, namely
normality, linearity, equality of variants [34] and outliers [35] were checked and tested first. Findings show that
all the basic conditions for the use of MANOVA and ANOVA have been met.
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For the third research question, the findings from the Pillai's Trace test show that, overall, there is a significant
group effect (independent variable) on the HMAT post-achievement test. Findings from the analysis of the
between-subject effect test show that there is a significant post-test mean difference between the groups at the p
<.05 level for HMAT achievement [F(1,61) = 73.527, p = 0.000]. The partial value of eta square shows that the
treatment has contributed as much as 54.7% of the change in HMAT achievement. So, all these findings show
that the HMPSF framework with the Bar Model Strategy has an effect on students' HMAT achievement after the
treatment is given.

The results from the one-way ANOVA test analysis between the treatment group and the control group show
that the mean difference of the HMAT post-achievement test between the groups is significant [F(1,61) =
73.527, p = .000] overall with a large effect size through the partial value of eta square = 0.547 [36]. Through
pair wise comparison analysis by controlling type 1 error using the Bonferroni method, it was found that the
mean value of HMAT achievement of the treatment group was greater and significantly different from the
control group (mean difference = 28.382, p < 0.05). This means that the treatment group has better HMAT
achievement compared to the control group. For the fourth and fifth research questions, the results of the
Multivariate Pillai's Trace test through the repeated measurement MANOVA test conducted show that there is a
significant effect of treatment on student achievement. There is a significant difference between the pre-test and
post-test mean for HMAT achievement [F(3,59) = 557.56, p = .000]. This proves that the treatment process has
had a positive effect on student achievement. The results of the difference test between the subjects conducted
showed a significant effect on HMAT achievement [F(1,61)=621.55, p =.000]. This finding shows that the
treatment given can improve the level of student achievement. Figure 2 shows a comparison plot of the pre-test
and post-test of HMAT achievement for the treatment group and the control group.

Estimated Marginal Means of UPMK

Kumpulan
Kawalan

Estimated Marginal Means

PraPasca

Figure 2. Comparison Plot of Pre-Test and Post-Test HMAT Achievement Differences

Based on Figure 2, the shape of the linear line graph shows that the disparity at the initial stage is small. This
means that the HMAT achievement levels of the treatment group and the control group were almost the same at
the beginning of the study. After the intervention was carried out, the results from Figure 2 show that the mean
post-test of the treatment group was significantly higher than the control group. This means that the disparity in
HMAT achievement between groups is getting bigger where a very significant improvement has been shown by
the treatment group. This finding shows that the TnL method of the treatment group has a better effect on
aspects of HMAT achievement compared to the control group.

IV. CONCLUSION

The findings of the study in the first phase showed that 92.2% of the teachers and 98.04% of the students
involved stated that there is a need to develop a framework for solving Mathematical problems in the form of
HOTS. This finding has answered the first research question. The FDM analysis that has been carried out shows
that the prototype of the HMPSF with the Bar Model Strategy framework developed has successfully obtained
the agreement of 15 experts when all three basic conditions in FDM have been met. With this, the actual
HMPSF with the Bar Model Strategy framework has been successfully formed as shown in Figure 1.
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At the beginning of the study, which was before the treatment was given, the respondents for the treatment and
control groups had no difference in terms of HMAT achievement. This is proven through the Pillai's Trace test
as well as the MANOVA test analysis of the mean difference of the students' pre-HMAT tests that have been
conducted. The test that has been carried out shows that there is no significant group effect with an independent
variable on the students' HMAT achievement at the beginning of the study. In conclusion, there is no significant
difference in the mean of the pre-test of the HMAT between the treatment group and the control group.

The mean change of the HMAT achievement variable of the treatment group also shows that the effect of the
HMPSF framework with the Bar Model Strategy on the achievement of the treatment group is better than the
effect of the conventional method on the achievement of the control group. This is proven through MANOVA
and ANOVA analysis of the post-test mean difference between the control group and the treatment group which
shows a significant difference. In conclusion, there is a significant difference in the mean of the HMAT post-test
between the treatment group and the control group. For the mean aspect of the HMAT post-achievement test,
both groups showed an improvement compared to the pre-test. However, the mean of the treatment group
showed a better improvement pattern than the control group. This proves that the treatment using the HMPSF
framework with the Bar Model Strategy on the treatment group provides a better improvement effect than the
conventional method on the control group. In conclusion, there is a significant difference in mean HMAT
achievement between the pre-test and post-test for the treatment group. The same goes for the control group.
However, the increase in post-test achievement compared to pre-test for the treatment group was higher than in
the control group.

All of the findings summarized above show that the HMPSF framework with the Bar Model Strategy has
succeeded in obtaining expert agreement and provides higher effectiveness in improving student achievement
compared to conventional methods.
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