Al-Jabar: Jurnal Pendidikan Matematika

ﬂ Volume 12, Number 2, 2021, Pages 457 — 466
http://ejournal.radenintan.ac.id/index.php/al-jabar/index

Problem-based learning: Its effect on higher-order
mathematical thinking skills in terms of student's
initial abilities and mathematical beliefs

Dion Aris Simanjuntak!”, Makmuri!, Wardani Rahayu!?

L Universitas Negeri Jakarta, Indonesia
dionarissimanjuntak@gmail.com

Abstract

Article Information The higher-order thinking ability of students in Indonesia is still in the
Submitted Oct 26, 2021 low category. This research aims to see the effect of the application of a
Revised Dec 27, 2021 problem-based learning model on higher-order mathematical thinking
Accepted Dec 28, 2021 skills in terms of student's initial abilities and mathematical beliefs. This

research uses a quasi-experimental design with a Non-Equivalent Control
Keywords Group Design. Data on students' higher-order mathematical thinking
Higher-Order Mathematical skills were taken using a test instrument. This research was conducted at
Thinking Ability; Problem Based = SMP Negeri 27 Jakarta with a total of 165 students obtained from cluster
Learning; Initial Mathematical random sampling. Based on the analysis of the three-way ANOVA test, it
Ability. was found that the problem-based learning model had a positive effect on

students’ higher-order thinking skills. Problem-based learning model
gives better results than conventional learning models. This also applies
to students with the initial ability and mathematical beliefs in the high
category. Problem-based learning can be an alternative for teachers to
improve students' higher-order mathematical thinking skills.

INTRODUCTION

In Indonesia, students' higher-order mathematical thinking skills are still low (Purbaningrum,
2017; Ramadhan et al., 2020). When faced with math problems at a higher-order, students
tend to be unable to connect and manipulate (Albay, 2019), and transform the knowledge and
experience they already have to think critically and creatively in an effort to make decisions
and solve problems in these situations (Hwang et al., 2020).

The low level of higher-order mathematical thinking skills of students shows that
around 8.33% of students have difficulty in understanding questions, 15.59% in
transformation, 32.53% in process skills, and 1.34% in mathematical encoding when faced
with questions that require a higher level of analysis (Hadi et al., 2018). Tanudjaya &
Doorman, (2020) also stated that only about 1% of students in Indonesia can imitate
mathematically complex situations when working on problems that require higher-order
thinking skills. The presentation of these data shows that students' higher-order mathematical
thinking skills are still low.

As is known, higher-order mathematical thinking skills refer to students' ability to
perform complex thinking related to procedural and conceptual knowledge (Volk et al., 2017).
Therefore, in mathematics, separating procedural and conceptual knowledge is not
recommended even though it will have an impact on the development of student knowledge
(Rittle-Johnson & Schneider, 2015). Heong et al., (2012) revealed that higher-order thinking
skills are very important for students because they can be used as an effort to train students to
be able to think critically and creatively before entering the working world. Therefore, higher-
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order mathematical thinking skills are of course very important for students. Internal factors
that are strongly suspected to influence this low ability are the initial abilities and
mathematical beliefs of students.

Initial ability can be everything that students already have regarding material that is a
prerequisite for studying further material that is continuous (Firmansyah, 2017). Good or bad
student learning outcomes are determined by their initial abilities (Astuti, 2015; Hevriansyah
& Megawanti, 2017; Purwaningrum & Sumardi, 2016). Several previous studies also
concluded that students' initial abilities greatly affect communication skills (Nurmantoro,
2017) and students' understanding of mathematical concepts (Astriani, 2017). This is the
reason why researchers want to see the effect of this variable on students' higher-order
mathematical thinking skills. Not only that, but Mathematical Belief also needs to be
observed its effect on students' higher-order thinking skills.

Mathematical Belief is important in learning mathematics. Learning something without
having faith in what is being learned becomes meaningless learning. The higher the
mathematical belief that students have, the higher their learning achievement (Isharyadi,
2017). This makes mathematical belief an important variable that needs to be observed in the
learning process. However, several studies also show that students' mathematical beliefs have
no effect on students' mathematical communication skills (Syarifah, 2017; Syarifah &
Firmansyah, 2016). Thus, it is necessary to study more deeply how influential this variable is
on students' higher-order thinking skills.

In relation to higher-order mathematical thinking skills, of course, the teacher's role is
also to be able to guide students to have better higher-order mathematical thinking skills.
Teachers' understanding of higher-order thinking was able to improve students' higher-order
mathematical thinking skills and help students to solve problems with more difficult levels
(Abdullah et al., 2016). Not only that, but the facts in the field also state that teachers already
understand the importance of students' higher-order thinking skills and teach them using
various innovative learning models (Seman et al., 2017). Based on the data presented by
several researchers, the low level of higher-order mathematical thinking skills of students can
be overcome by involving learning models that are in accordance with student needs so that
students have better higher-order thinking skills. One of the learning models that are thought
to be able to improve students' higher-order thinking skills is the Problem Based Learning
model (PBL).

The PBL model is expected to improve students' higher-order thinking skills because
the PBL learning model focuses on students being more active in asking, analyzing,
synthesizing, interpreting, concluding, reasoning, applying, and using intuition in creativity
(Majeed et al., 2021; Seibert, 2021). The PBL model also involves students to conceptualize,
prioritize problems, identify what is known and what is not known, test assumptions, assess
different points of view, identify possible interventions, examine alternatives, and reflect on
the process so that the learning model can have a good impact to help students in dealing with
their mathematical problems (LaForce et al., 2017; Yew & Goh, 2016).

Based on the results of previous research, it is known that the Problem Based Learning
model has a good impact on helping students to improve mathematical thinking skills
(Tarmizi & Bayat, 2012), effective in learning (Alkhasawneh et al., 2008), and learning can
be student-centered (Park & Ertmer, 2007). In addition, the PBL model also encourages
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students to make good decisions by encouraging students to identify sources that will assist in
data collection and decision making (Surya & Syahputra, 2017). However, there has been no
research related to the application of the PBL model to higher-order critical thinking skills.
This is important to do to overcome the low level of higher-order thinking skills of students.

Based on the explanation above, this paper aims to fill research gaps related to the
application of the PBL model to improve students' critical thinking skills. In addition,
students' initial abilities and mathematical beliefs also need to be seen how much influence
they have on students' higher-order thinking skills.

METHODS

This research is quasi-experimental research with a non-equivalent control group design. The
experimental and control group were selected randomly. The authors obtained two classes to
be used as research samples, each of which became an experimental class (applied PBL
model) and control class (applied conventional learning model). The treatment was given for
four weeks, starting with giving a learning outcome test that was useful for dividing the
sample into groups of initial ability (high and moderate) and a questionnaire to divide the
sample into the mathematical belief group (high and low). It should be noted that apart from
differences in learning models, there is no other treatment that is different, including the same
tasks, media, and topics taught. After that, a post-test was given as reference data to see the
effect of each treatment on higher-order mathematical thinking skills.

The population in this research were students of SMP Negeri 27 Jakarta. The research
samples consisted of 7 classes and totaled 165 students. The sample has been tested for
normality and homogeneity using SPSS 25 software with the provision of sig. > 5%. The
research instrument is an essay test that is used to measure higher-order mathematical
thinking skills and a mathematical belief questionnaire. Before the test instrument is given, it
is first tested to determine the level of validity, reliability, level of difficulty, and
discriminatory index. From the validity and reliability test, this instrument is declared valid
and reliable and has good distinguishing power and level of difficulty. The students' initial
ability data uses the data from the last exam results on the sample that has been owned by the
teacher. The mathematical belief questionnaire is used to classify students with high and low
mathematical beliefs. Hypothesis testing in this research used a three-way ANOVA test,
which had previously been tested for normality and homogeneity. The description of the steps
for implementing the PBL model which is thought to be able to increase student learning
activities is presented in Figure 1.
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Figure 1. Problem Based Learning Process
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RESULTS AND DISCUSSION

Descriptive Statistics

The research data used for analysis are in the form of initial mathematical ability test (IMA)
data, mathematical belief, and the result scores of higher-order mathematical thinking skills
(HOTS) which are treated with Problem Based Learning and conventional learning models.

Table 1. Comparison of Descriptive Statistics Scores of Higher-Orders Mathematical Thinking Ability
(HOTS) of Each Group of Students Based on Treatment, IMA, and Mathematical Belief

Conventional Problem Based Learning
Descriptive Low IMA High IMA Low IMA High IMA

Statistics Low High Low High Low High Low High
Belief Belief Belief Belief Belief Belief Belief Belief

Total 17 16 24 11 16 13 11 26
Min 34.13 18.13 33.75 37.25 24.75 35.25 37.25 31.38
Max 73.50 83.25 83.25 93.75 79.00 80.13 86.00 93.75
Average 47.29 47.63 55.30 62.58 49.15 59.60 66.14 67.48

Briefly, the description in Table 1 shows that at the same level of initial mathematical
ability (IMA) and mathematical belief, the higher-order mathematical thinking ability (HOTS)
scores of students who received problem-based learning model treatment are higher than
students who received conventional learning models. However, further testing will be carried
out in the following discussion to obtain research objectives.

Data Analysis Prerequisite Test

The comparison of the increased scores in students' higher-order mathematical thinking skills
(HOTS) can be seen by testing the hypothesis using the Analysis of Variance (ANOVA) and
t-test. Before testing the hypothesis, the data analysis requirement tests are carried out which
include the normality and homogeneity tests.

Testing the normality of the data after the treatment aims to determine the normality of
the class data that has been studied. The normality test was carried out using the Lilliefors test
at a significance level of a = 0.05 with the help of SPSS software. The data used is the score
of the higher-order mathematical thinking ability (HOTS) based on the treatment group, initial
mathematical ability (IMA), and mathematical belief.

Normality test is done by testing the following hypothesis:

Ho : Data is normally distributed
Hi : Data is not normally distributed
a=0.05

Test Statistics : P-value or Sig. Value on the results of the Lilliefors Test
Critical Area  : Holis rejected if P-value or Sig. Value < a (0.05)

The results of the data normality test for higher-order mathematical thinking ability
(HOTS) test scores based on the treatment group, initial mathematical ability (IMA), and
mathematical belief can be seen in Table 2.
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Table 2. Higher-Order Mathematical Thinking Ability Score (HOTS) Normality Test

Shapiro Wilk Test - Lilliefors Significance Correction

HOTS Normality Test

Statistic df Sig Conclusions
Based on the Treatment of Learning Model
Conventional 0.973 68 0.148 Data is normally distributed
Problem Based Learning 0.977 66 0.271 Data is normally distributed
Based on Initial Mathematics Ability (IMA)
Low IMA 0.971 62 0.151 Data is normally distributed
High IMA 0.972 72 0.104 Data is normally distributed
Based on Mathematical Belief
Low Mathematical Belief 0.967 68 0.072 Data is normally distributed
High Mathematical Belief 0.976 66 0.229 Data is normally distributed

Table 2 shows the data on the higher-order mathematical thinking ability (HOTS), both
based on the treatment of the learning model, initial mathematical ability (IMA), as well as
mathematical belief, all of which have met the prerequisites for a normal distribution.

Meanwhile, the homogeneity of variance test is carried out with the following
hypothesis:

Ho: 61?=62° Hi: 612# 622

a=0.05

Test Statistics : P-value or Sig. Value on the results of the Fisher - Levene Test

Critical Area  : Hois rejected if :

P-value or Sig. Value < a (0.05)

The results of the homogeneity of variance test for higher-order mathematical thinking
ability (HOTS) scores based on the treatment group, initial mathematical ability (IMA), and
mathematical belief can be seen in Table 3.

Table 3. Higher-Order Mathematical Thinking Ability Score (HOTS) Normality Test
Shapiro Wilk Test - Lilliefors Significance Correction

HOTS Group Levene

Statistic df2 Sig Conclusions

Learning Model 0.001 1 132 0.973

Treatment . .
— - The variance of the two groups of data is
Initial Mathematical 0.001 1 132 0.973 homogeneous
Ability (IMA) ' ' g
Mathematical Belief 2.827 1 132 0.095

Table 3 shows the homogeneity test of the data variance of higher-order mathematical
thinking ability (HOTS) in each group of students based on the treatment of learning models,
initial mathematics ability (IMA), and mathematical belief, all of which show a homogeneous
variance.

After the analysis prerequisite test is fulfilled, then the next step is to test the effect of
learning model treatment on higher-order mathematical thinking skills (HOTS) in terms of
initial mathematical ability (IMA) and mathematical belief, which was carried out using the
ANOVA test on the 23 factorial design method.
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Hypothesis Testing — Three-Way ANOVA 23 Factorial Design

Hypothesis testing will be carried out using analysis of variance (ANOVA) to see the effect of
treatment, initial mathematical ability (IMA), and mathematical belief as well as the
interaction of each of these variables on the higher-order mathematical thinking ability
(HOTYS) scores. After that, it will be continued with a t-test to determine the effect of the
learning model treatment on the higher-order mathematical thinking ability (HOTS) scores in
each group of initial mathematics ability (IMA) and mathematical belief.

Before testing the difference in Higher-Order Mathematical Thinking Ability (HOTS)
scores between learning model treatments using the ANOVA table, an F test will be carried
out first to see in general whether there is an effect of each factor, including the interaction
between factors.

Hypothesis testing on the F test as follows:

Ho: B1=P2=P3=Pr2=P13=P23=P123=0, Hi:Thereisatleast1 P #0

Test Statistics : P-value or Sig. Value on the results of the ANOVA Test

Critical Area : Holis rejected if: P-value or Sig. Value < a (0.05)

The summary table of the ANOVA test results can be seen in Table 4 using the F test to
investigate whether there is an effect of each factor, including the interaction between factors.

Table 4. Summary of ANOVA Test Results on the Effect of Learning Model Treatment, Initial
Mathematical Ability (IMA), Mathematical Belief and Their Interaction on Higher-Order
Mathematical Thinking Ability (HOTS)

. Test .
No. Hypothesis Conclusions
yp Results
Differences in HOTS based on Ho i There is a difference in HOTS scores between
1  Learning Model Treatment Re'zcte d conventional learning model and problem-based
J learning model
) Differences in HOTS based on Initial Ho is There is a difference in HOTS scores between
Mathematics Ability (IMA) Rejected  low and high IMA students
3 Differences in HOTS based on Failedto  There is no difference in HOTS scores between
Mathematics Belief Reject Ho  low and high Mathematics Belief students
The dlfference in HOTS because _the . There is no difference in the HOTS score
interaction between the learning  Failed to . .
4 - . . because of the interaction factor between the
model treatment and the initial ability = Reject Ho treatment of the learning model and IMA
of mathematics (IMA) g
The difference in HOTS because the There is no difference in the HOTS score
interaction between the learning Failedto  because of the interaction factor between the
5 . . .
model treatment and the Mathematical  Reject H,  treatment of the learning model and the
Belief Mathematical Belief
Differences in HOTS based on the In the group of students with low IMA, there is
Treatment of Learning Models in . no difference in HOTS scores between students
- Failed to . . .
6  Groups of Students with Low IMA . who received conventional learning models and
Reject Ho . .
students who received problem-based learning
models
Differences in HOTS based on the In the group of students with high IMA, there is
Treatment of Learning Models in Ho i a difference in HOTS scores between students
7 Groups of Students with High IMA Rechted who receive conventional learning models and

students who receive problem-based learning
models
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No. Hypothesis R-er:LSultts Conclusions
Differences in HOTS based on the In the group of students with low Mathematical
Treatment of Learning Models in . Beliefs, there is no difference in the HOTS
- Failed to .
8  Groups of Students with Low Reject Ho scores between students who received
Mathematical Belief conventional learning models and students who
received problem-based learning models
Differences in HOTS based on the In the group of students with high Mathematical
Treatment of Learning Models in Ho is Beliefs, there is a difference in HOTS scores
9  Groups of Students with High Rejected between students who receive conventional

Mathematical Belief learning models and students who receive

problem-based learning models

Table 4 shows which factors have a significant influence on the Higher-Order
Mathematical Thinking Ability (HOTS) score. There are 4 (four) things that affect the
Higher-Order Mathematical Thinking Ability (HOTS) scores, namely:

1. The difference in the treatment of learning models (conventional learning models

and problem-based learning) affects the Higher-Order Mathematical Thinking
Ability (HOTS) scores of students.

2. The differences in Students' Initial Mathematical Ability (IMA) affect students'
Higher-Order Mathematical Thinking Ability (HOTS) scores.

3. In the group of students with high IMA, there are differences in HOTS scores
between students who receive conventional learning models and students who
receive problem-based learning models.

4. In the group of students with high Mathematical Beliefs, there is a difference in
HOTS scores between students who receive conventional learning models and
students who receive problem-based learning models.

The results of data analysis both descriptively and by statistical testing showed that
students who received the problem-based learning model had higher-order mathematical
thinking ability (HOTS) scores that were higher than the higher-order mathematical thinking
ability (HOTS) score of students who received the conventional learning model. In
accordance with its understanding, this higher-order mathematical thinking ability (HOTS)
has 4 (four) aspects, namely, mathematical communication, mathematical reasoning,
mathematical connection, and mathematical problem-solving. To be able to fulfill higher-
order mathematical thinking skills (HOTS), certainly, an alternative learning model is needed
that includes the four aspects mentioned above. The problem-based learning model is an
alternative learning method that uses an approach in which students are faced with authentic
and meaningful problems as a starting point for gaining or integrating new knowledge. The
problem-based learning model that is applied has a positive influence on students' higher-
order mathematical thinking skills (HOTS). It is as mentioned by Alkhasawneh et al., (2008)
that the problem-based learning model makes students more effective in teaching and learning
activities. Contradictory thing mentioned by (Park & Ertmer, 2007), which stated that the
PBL model does not significantly change students' beliefs in using technology. However, the
pattern of learning that was originally teacher-centered turned into student-centered.

Furthermore, the results of data analysis both descriptively and by statistical testing also
showed that students with the high initial mathematical ability (IMA) had higher higher-order
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mathematical thinking ability (HOTS) scores than low initial mathematical ability (IMA).
This is in line with the research results of Lestari (2017) and Hevriansyah & Megawanti,
(2017) which stated that the initial mathematical ability in the high category has better
learning outcomes than students with low initial ability. Students' initial abilities are abilities,
backgrounds, and characteristics that students already have before participating in learning
which can be measured by giving a pre-test or pre-requisite test. In learning mathematics,
mathematical concepts are arranged hierarchically, structured, logically, and systematically
starting from the simplest concepts to the most complex concepts. This concept is important
to be able to increase the meaningfulness of learning, which in turn has an impact in
facilitating the internal processes that take place in students when learning. Initial
mathematical ability (IMA) can be defined as the initial prerequisite ability or the basic ability
of students which is an image of student readiness as well as a provision for students to
receive mathematics learning materials with higher concepts. Initial mathematical ability
(IMA) has an influence on students’ higher-order mathematical thinking skills (HOTS). Initial
mathematical abilities can be a student's initial provision for students to receive mathematics
learning materials with higher concepts.

The results showed that for students with high mathematical beliefs, the higher-order
mathematical thinking ability (HOTS) scores of students who received the problem-based
learning model are higher than students who received the conventional learning model.
Students with high mathematical beliefs have a high preference for the discipline of
mathematics which is needed in formulating mathematical ideas to solve mathematical
problems. Therefore, problem-based learning can be a solution for teachers in implementing
learning models in the classroom.

CONCLUSIONS

The results of the research can be summarized into three things, namely: 1) Problem-based
learning models have a better effect on students' higher-order thinking skills than
conventional learning classes that teachers usually use; 2) students with high initial ability
have higher-order thinking skills better than students with low initial abilities; 3) students
with high mathematical beliefs have higher-order thinking skills better than students with low
mathematical belief. Based on this, it can be concluded that problem-based learning is good
for use in the classroom in improving students' mathematical thinking skills.

This research can be further developed to see the effect of problem-based learning on
other mathematical abilities. For educators, it can also observe students' confidence in
mathematics in the learning process.
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