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Abstract: The background of this study is the weakness of higher-order thinking skill of elementary education
major students. Thus, we need a suitable learning model used to improve the higher-order thinking skill of
elementary education major students. The purpose of this study is to determine the effectiveness of problem-
based learning, problem-solving and problem-posing in improving the higher-order thinking skill of students of
elementary education major. This research uses a factorial design. The sample used in this study is a random
sampling technique. The sample includes three classes of fifth-semester students. Three classes apply different
learning models. The first class uses a problem-based learning model, the second class uses the problem-solving
model and the third class uses the problem posing model. The sample used in this study is 117 students. The
result shows that the higher-order thinking skill of students with problem-based learning has a significant
difference compared to those with problem posing, but it is not significant as students with problem-solving. This
research shows that problem-based learning is the most effective model in improving the ability of higher-order
thinking skill of elementary education students compared with problem-solving and problem posing. This study
implies that the lecturers of elementary education major can improve the higher-order thinking skill of related

students by using problem-based learning.
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I. INTRODUCTION

Mathematics learning is compulsory learning taught
starting from the basic to the higher level of education [1]
[2] [3]. Learning mathematics must be continuously done.
The purpose of this continuous mathematics learning is to
make mathematics learning basic learning to continue
learning until a higher level [4]. Mathematics is a universal
science which underlies science and technology with other
multi-disciplines [5]. Thus, mathematics is a basic object
in the development of other sciences, this is why learning
mathematics must be carried out continuously.

Learning mathematics becomes mandatory because it
connects with everyday life [6]. Mathematics plays a role
in carrying the future of individual as mathematics can
train the ability to think and take initiative in solving
problems in everyday life [7]. Mathematics has two useful
development visions for achieving the demand of the
future and the present [8]. The first vision aims to direct
the learning of mathematics in understanding concepts and
ideas to solve problems related to mathematics and other
sciences. While the second vision aims to develop the
ability to think logically, systematically, critically, and
creatively [9]. Therefore, mathematics should be owned by
everyone to face and solve all problems encountered in
everyday life.

Following the purpose and role of mathematics in
developing thinking skill such as critical thinking skill,
creative and problem-solving skill, it has a very close
relationship with higher-order thinking skill. Thinking
ability consists of two parts, namely lower-order thinking

skill (LOTS) and higher-order thinking skill (HOTS).
LOTS is the ability to solve ordinary problems (in general
context) and apply existing concepts [10]. Whereas HOTS
is defined as thinking process in retrieving information
stored in individual memory and linking it with others to
expand information to get various possible answer for the
problem from an unusual situation [11].

HOTS is rather the ability to think than the ability to
memorize, the ability that requires students to analyze,
interpret, argue, synthesize and evaluate in specific
situations [12]. Marzano identified that HOTS consisted of
13 skills namely skills of comparing, classifying, inducing,
deducing, analyzing errors, constructing supporting facts,
analyzing perspectives, abstracting, decision making,
investigating, solving problems, discovering experimental
inquiry [13]. From the opinion above, it can be concluded
that HOTS is a high-level thinking ability not only limited
only to memorizing information but rather thinking to find
unusual answers from different situations

HOTS generally consist of critical and creative
thinking skills [14] [15]. Ennis stated that the ability to
think critically is the ability to argue, to think reflectively
and to decide what needs to be done and what needs to be
trusted [16]. The ability to think critically consists of the
ability to utilize concepts, utilize prediction of impact and
the ability to solve problems [17]. The ability to use
concepts consists of having basic skills, providing
explanations and inferring the assumptions needed. The
ability to utilize principle consists of the ability to question
concepts, analyze concepts, synthesize, relationships
between concepts. The ability to predict impacts consists
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of determining the effect of assumptions, stringing
assumptions and using concepts in a well and balanced
manner. The ability to solve problems consists of the
ability to find the source of the problem, suspect the cause
of the problem, and gather information in solving
problems [18].

Creative thinking ability is the ability to develop new
ideas and concepts and make connections between them
[19]. Creative thinking ability is a process to make
someone think of thoughts normally [20]. Students with
this ability can answer a variety of problems given [21].
Tanujaya divided critical thinking skills into working on
competence, trying something new, thinking divergently,
and thinking imaginatively [18]. The ability to work above
competence consists of rejecting standard techniques,
optimizing knowledge, and having high motivation. The
ability to try something new consists of having broad
interests, having an optimistic orientation, and enjoying
challenges. The ability to think divergently consists of the
ability to think freely, develop concepts and modify
concepts. The ability to think imaginatively consist of the
ability to approach trial and error, have original and new
ideas.

The development of HOTS is very important in the
learning process. HOTS is a common part of thinking
skills that must be trained in all learning processes.
Students with higher-order thinking skill will enable
students to learn optimally, improve the quality of
learning, and reduce problems occur in the learning
process [18]. Furthermore, HOTS can train students in
developing, connecting, and expanding their thinking not
just to remember and memorize but also to develop
existing information [20]. Therefore, the teacher must train
HOTS students in learning mathematics to achieve the
objectives of learning mathematics optimally including at
the college level, including elementary education major
students who will become elementary school teacher
candidates. Elementary education students must be able to
develop their HOTS thus when they become a teacher,
they can develop HOTS from elementary school students.

However, previous research stated that HOTS of
elementary education students is still low. Kenedi stated
that the ability of elementary education students is still
low, only a few of them is in the medium category [20].
Moreover, Ahmad's research revealed that only 16.67% of
elementary education students had HOTS in the medium
category, 60% with a low category and 23.33% with a low
category [22]. Based on these studies, it can be concluded
that the HOTS level of elementary education students is
still low. Therefore, the solution to improve HOTS for
elementary education students is needed.

One way to improve HOTS is to use a contextual
learning model [23]. Contextual learning models that can
be implemented are problem-based learning model,
problem-solving learning model, and problem posing
learning model. The problem-based learning model is
suitable to improve HOTS in the learning process [24].
The problem-based learning model is a contextual learning
model that becomes a problem as a foundation in the
learning process [25].

Krajcik stated that Problem Based Learning is a
learning approach that acquires knowledge through
teamwork and problem solving using scientific method
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[26]. Torp and Sage stated that problem-based learning is
one of the learning models that help students interact and
improve higher-order thinking skill by using ill-structured
problems related to the subject area and student center
[27]. Problems used as learning are described as
unstructured problems and have many problem solutions.
It can be concluded that problem-based learning is student-
centered learning which makes ill-structured problems the
foundation in the learning process. Therefore, problem-
based learning is considered suitable for increasing
students' HOTS.

The contextual learning model considered capable of
increasing HOTS is problem-solving [28]. Problem-
solving is a learning model that requires thought processes
to find relationships between principles and concepts
obtained from learning to solve problems [29]. In
problem-solving, students will be trained in thinking,
increasing self-confidence and curiosity and getting used
to solving existing problems [30]. It can be concluded that
problem-solving is a learning model that requires the
ability to think in solving problems.

Further, a contextual learning model that can improve
thinking skills is a problem-posing model. The problem
posing model is a learning model that emphasizes students
to form and submit questions based on the information or
situation provided [31]. The principle of problem posing is
a learning model that makes students reformulate the
problem given with the purpose to increase understanding
and the teacher facilitates students in solving problems
[32] [33]. With students giving/submitting questions, it
will create a better understanding of the concepts of the
material provided. This activity will make students more
critical and creative in shaping their knowledge and
ultimately students' understanding of a concept becomes
better [34]. It can be concluded that problem posing is a
learning model allowing students to ask questions of
knowledge given to find solutions to these problems.

Problem-based learning, problem-solving and problem
posing are learning models that can be used to improve
HOTS. Each model has the characteristics to improve the
HOTS. Therefore a hypothesis arises, which learning
model is better in increasing the Higher-Order Thinking
Skill of Elementary Education Students? Therefore, this
study aims to find out which learning model is more
appropriate to be wused in the learning process at
Elementary Education Students to improve Higher-Order
Thinking Skill (HOTS).

Il. METHOD

This study uses experimental research with factorial
design to compare HOTS of Elementary Education
students by using three different learning models namely
problem-based learning, problem solving and problem
posing at different levels of ability (high, moderate and
low). Sampling uses a random sampling technique. There
are three classes chosen.

The first class as an experimental class and two other
classes as control classes. The first class as an
experimental class uses a problem-based learning model,
while the second class as a control class uses a problem
posing model and the third class as a control class uses
problem-solving model. The research design can be seen
from the Table 1.
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TABLE I. THE TABLE OF RESEARCH DESIGN
Group Subject | Pre-Test Treatment Post-Test
Experimental | R1 01 X 02
(Problem
Based-
Learning)
Control 1 R2 02 C1 02
(Problem
Solving)
Control R3 03 c2 02
(Problem
Posing)
Description:
R1 = Experimental class students using problem-based learning model

with a total of 39 students.

R2 and R3 = Control classes students using problem-solving and problem posing
learning model with a total of 39 students.

Oldan O2 = Pre-test and post-test used to measure the HOTS (test results can be
divided into low, moderate and high ability)

X = Application of the Problem Based Learning model in the learning
process

Cland C2 = Application of problem-posing and problem-solving models in the
learning process

Before the action is implemented wusing a
predetermined learning model, students are grouped based
on initial abilities. This initial ability is obtained from the
results of previous studies. Each class consists of 13
students with low, moderate and high initial abilities

The research instrument used is a test question aimed
at measuring the HOTS of Elementary Education students.
The questions used are validity and reliability tests. The
validity test and the reliability test are tested on 30
students. Calculation of validity tests and reliability tests
uses the SPSS 17.00 application. Based on the validity
test, the validity coefficients > 0.30 and the calculation of
the reliability test, obtained r 11 of 0.93. Hence, we
conclude that the questions used to measure HOTS of
elementary education students are valid and very reliable.
For the question score, a value of 1 if students answer
correctly and a value of O if students answer incorrectly.
Ability data is determined by the N-gain score. N-gain is
determined and grouped based on the student's initial
ability. Data analysis used ANOVA and continued with
the Tukey test with a significance level of 5%. The
analysis uses ANOVA factorial design

The hypotheses in this study are (1) Hoi: there is no
difference in students' HOTS abilities by using different
learning models, (2) Hoz: There are no differences in
students' HOTS abilities based on differences in students'
initial abilities. (3) Ho3: There is no significant interaction
between learning models and students' initial abilities in
HOTS.

I1l. RESULT AND DISCUSSION

This study shows that HOTS OF Elementary
Education students who use problem-based learning is
higher than those who use problem-solving and problem-
posing learning models. This can be seen from the value of
N-gain in the Table 2.

Table 2 shows the results of the N-gain value from the
pretest and post-test of the experimental class and the
control class based on the students' initial abilities. The
results show that problem-based learning has a higher

average N-gain value than the problem solving and
problem posing learning model of all levels of students'
HOTS ability.

0,7
0,6
0,5
0,4
03
0,2
0,1

0

High Maoderat Low

EPBL mPS mPP

Fig. 1. The N-gain value of the experimental class and control class
students in terms of the students' initial abilities (high, moderate, and
low)

Furthermore, statistical analysis is performed to
determine differences in HOTS ability of students from the
three learning models based on initial abilities. Tests
carried out by ANOVA statistical analysis can be seen in
the table below.

TABLE II. ANOVA ANALYSIS OF STUDENTS' N-GAIN VALUE
BASED ON INITIAL ABILITIES AND LEARNING MODELS
Learning Model Mean Difference Sig
Learning Model 532.362 .000
Initial Ability 0.917 401
Intf_zr_action Models*Initial | 421 784
Ability

Table 2 shows the significant differences between the
use of learning models (problem-based learning, problem-
solving, and problem-posing). Therefore, it is necessary to
conduct post hoc test (further test) using the Tukey test.
Besides, the results show that there are no significant
differences between students with different initial abilities
(high, moderate and low), thus there is no need for further
test. Also, the calculation results show that there is no
significant difference in the interaction between the use of
learning models with the initial abilities of students (high,
moderate, and low) thus no further tests are needed. The
results of further tests (The post hoc test) regarding the use
of learning models using the Tukey test can be seen in the
Table 3.

TABLE III. THE RESULT OF THE POST HOC TEST
Source F Sig
PBL-PS 0,0594 .298
PBL-PP 0,1452 .004
PS-PBL -0,0594 .298
PS-PP 0,0725 .169
PP-PBL -0,1452 .004
PP-PS -0,0725 .169

Based on Table 3, it can be seen that Problem based
learning-problem posing has a significant N-gain
difference to HOTS of students while the others (problem-
based learning-problem solving and problem solving-
problem posing) do not have significant N-gain
differences. Then, we can conclude that significant N-gain
differences occur in the use of problem-based and problem
posing learning models. These results indicate that the
problem-based learning model is not different from
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problem-solving in improving students' Higher-Order
Thinking Skills. Nonetheless, the problem-based learning
model differs from problem posing, hence further tests
must be conducted to determine differences in students'
HOTS abilities by using problem-based learning and
problem posing. A further test to be done is T-test. The
hypothesis in this test is (HO) is "there is no difference in
the average HOTS of students with problem-based and
problem posing learning model”. The T-test results of
students using these learning model can be seen in the
Table IV.

TABLE IV. THE RESULT OF T-TEST OF STUDENTS USING PBL
Pair N Df T P
PBL High >< PP High 13 12 1,175 | 0,258
PBL Medium >< PP Medium 13 12 2,452 | 0,027
PBL Low >< PP Low 13 12 1,905 | 0,033

Table 4 Shows that there are significant differences in
HOTS of students with medium and low categories on the
use of problem-based learning and problem posing.
Whereas there is no significant difference in HOTS of
high categorized students by using problem-based learning
and problem-posing models. This shows that the problem-
based learning model can improve students’ HOTS
abilities rather than the problem posing model with
moderate and low categories.

This study shows that the problem-based learning
model is more effective in improving the HOTS ability of
Elementary Education students in mathematics learning
than the problem posing model. However, it does not have
differences in results with the problem-solving model
especially for students with moderate and low abilities.
The results of this study conclude that the problem-based
learning model is the most recommended model to be
applied in mathematics learning to improve higher-order
thinking skills of Elementary Education students.

This research proves that problem as a foundation in
the learning process can improve the quality of
mathematics learning because it is related to students' daily
lives [35]. Learning that begins by presenting a problem in
everyday life can stimulate the brain to improve critical
and creative thinking skills. This is because problem-based
learning requires students to learn from problems in
everyday life, with problem-solving will enhance the
ability to think as higher-level students. Additionally,
students are required to solve problems and analyze
problems that exist in everyday life [36].

Based on the classroom observation, it shows the
increase in student activity in the process of problem-
based learning thus students feel the enthusiasm to practice
higher-order thinking skills. This also happens in classes
with problem-solving models. While there is no significant
student activity in problem posing classes. In problem-
based learning, lecturers act as facilitators [37]. Problem-
based learning opens opportunities for students to explore
all their knowledge and to find information from other
learning sources both reading references and other
activities that support them independently. This process
requires students to search for information critically and
creatively to solve the problem.

This study also shows that problem-based learning is
attractive to students because students can collaborate in
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finding solutions to problems. This is because problem-
based learning is learning that solves problems
cooperatively and collaboratively [38]. This also happens
to problem-solving learning. Student activities also
increased. Problem-solving knows how to improve student
learning activities because the problem solved categorized
as a non-routine problem related to student life thus
students are required to actively find various strategies in
solving these problems [39]. Students are automatically
guided to think critically and creatively in solving a
problem. Therefore, the research shows that there is no
significant difference between problem-based learning and
problem solving because both models make problems as a
learning process and require students to solve problems
critically and creatively. This way can improve their
ability to think at a higher level. Yet, problem-based
learning is more effective than the problem posing model.

The ineffectiveness of the problem-based learning
model compared to the problem-posing model can be seen
from the level of motivation and activity of students in the
learning process. Based on observation, most students get
bored when reading the information presented, then
students are demanded to ask questions about problems
that occur (in problem posing), even though the problems
presented are closely related to everyday problems.
Besides, just reading information and finding problems
without being connected with other information is less
able to train students' ability to think critically and
creatively.

In problem-based learning, lecturers only present
information without explaining the problem as a whole,
and then students are required to find problems from
information served by lecturers. Consequently, the
students feel motivated to figure this problem out which
then cause their activities to increase. Problem-based
learning provides ill-structured information where the
information only served partly. From this condition,
students can develop hypotheses, practice creative
thinking skills and obtain solutions [40].

Problem-based learning is very suitable for students
with moderate and low-order thinking skill. The increase
in HOTS of students with moderate and low abilities is
higher than those with problem posing. While the use of
problem-based learning and problem posing for students
with high HOTS is not much different. This result shows
that problem-based learning is more suitable for students
with high and low-order thinking skills.

The right learning model will improve the quality of
learning [41]. The learning model has a big role in creating
a learning atmosphere that will determine the achievement
of learning objectives. Slavin stated that a good learning
model makes learning atmosphere  cooperative,
collaborative and use thinking skills [42]. From this,
problem-based learning is collaborative, cooperative and
requires thinking ability. It can be said that problem-based
learning is a good and appropriate learning model used for
Elementary Education students in improving Higher-Order
Thinking Skills.

IVV. CONCLUSION

The researcher concludes that problem-based learning
can improve Higher-Order Thinking Skills of Elementary
Education students and the same goes to the problem-
solving model. Problem-based learning is more effective
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than the problem posing model in improving the higher-
order thinking skills of Elementary Education students.
However, the research also found that problem-based
learning is more suitable for students with moderate and
low-order thinking skills compared to problem-solving and
problem-posing
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