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Abstract

The ability to think mathematically includes many mental activities which involve the workings of the brain. To
describe students’ mathematical thinking ability, one of the efforts that can be done is to apply the mathematical
problem-based learning model. It involves students to solve a problem through scientific method stages, so that
students can learn the knowledge related to the problem and also have the ability to solve the problem. This study
aims to describe students’ mathematical thinking ability through Mathematical Problem-Based Learning
Model.This type of research is qualitative. The subjects of the study were senior high school students in the city of
Parepare. The data collections were conducted by observing the learning process in class and giving the
assignment/test to the students. The collected data were then analyzed qualitatively. Based on the results of
research and discussion it is concluded that the students ability to think have sequences in the activities of
mathematical thinking with the application of mathematical problems-based learning model. Therefore, the
students’ mathematical thinking ability is described as follows: (1) identification stage of the problem, (2) the
grouping stages, and (3) drawing conclusions.

Keywords: mathematical, thingking ability, mathematical problem, learning model
1. Introduction

Research on Problem Based Learning (PBL) has been carried out by many people, for example Setyorini et al.
(2011) research revealed that concluded that Problem Based Learning (PBL) model can increase the students’
critical thinking in learning ununiformly accelerated motion. The other, Duch et al. (2001) stated that this model
has the ability to improve critical thinking skills and be able to analyze and solve problems related to the real
world.

In the learning process, thinking activity involves the whole person, feeling and will of the students (Mustafa et al.,
2017). Thinking includes many mental activities that involve the workings of the brain. According to Alvonco
(2012) thinking is the process of the brain processing and translating information (stimulus) that goes through the
senses to the conscious or subconscious part of the brain that generates meaning and a number of concepts.

Various theories reveal the notion of thinking, Solso (2008) argues that "thinking is a process of the brain that
accesses previous representations to understand or create a new model if it does not exist yet". Thinking is a new
process of mental representation through the transformation of information with interactions that involve mental
attributes, such as abstraction, imagination, and problem solving. Thinking includes many mental activities
involving the workings of the brain (Mustafa, 2015).

Furthermore, mathematical thinking can be viewed as a way of understanding mathematical problems by
compiling various sources of study of mathematical objects. Mason, Burton & Stacey (2010) reinforces with their
expression that mathematical thinking is a process and is a very complex activity, so to understand it can be done
by giving an example. The process of mathematical thinking describes sequences in thinking activities, for
example if in a student arises a problem to be solved, a schematic/chart is still unclear. In addition, the
scheme/chart is solved or correlated, and compared carefully to a conclusion (Mustafa, 2015).

The students’ mathematical thinking ability when doing mathematical problems in this research adapted the
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process that was revealed by Mustafa (2016) as follows:

1) Identify problems, carried out through activities of making perceptions, analyzing and establishing identity.
Perception is defined as the act of composing, recognizing, and interpreting sensory information in order to
provide a picture and understanding of the object. This is in line with the phrase Solso (2008) that perception
refers to the interpretation of things seen, heard, perceived, or experienced more than just sensory
stimulation. Furthermore, sensory events are processed/analyzed according to the knowledge the student has
about the object he observes, then determines the identity of the object.

2) Categorize the problem, is the ability to connect objects based on the characteristics of equations or
differences. Categorizing problems is done through activities of making perceptions, analyzing and defining
groups.

3) Summing up the problem, the idea reached at the end of the process. Summing up the problem is done
through linking schemes, analyzing and summarizing. The scheme in question is a category of knowledge
that helps students in interpreting and understanding the object being observed. According to Marshall (2005)
the formation of schemes involves selective attention and processing, and the attribution is processed
simultaneously and sequentially.

To understand the students’ mathematical thinking ability, the one of the efforts that can be done is by applying the
learning model that accommodates students’ ability in solving math problems. Problem-based learning model is a
learning model that presents contextual problems, thus stimulating students to learn (Pierce, et al, 1996). In a class
that implements problem based learning, students work in teams to solve real world problems.

Problem-Based Learning is one of the innovative learning models that can provide an active learning condition.
According to Arends (2001) as cited in Trianto (2009) problem-based learning is a learning approach in which
students work on authentic issues with the intent to develop their own knowledge, inquiry and thinking skills,
independence, and confidence.

Problem-Based Learning is one of the innovative learning models that can provide active learning conditions to
learners. Involving students to solve a problem through the stages of the scientific method so that students can
learn knowledge related to the problem and have the skills to solve the problem (Ward & Lee, 2002; Stepien et al.,
1993).

The syntax of learning model based on mathematical problem in this research is adapted from syntax of problem
based learning model (Mustafa et al., 2017). The following table shows the syntax of the mathematical
problem-based learning model.

Table 1. Syntax of mathematical problem-based learning model

Stage Learning Activity

Stage 1:

. € . Explanation of learning objectives required logistical explanations, phenomena or demonstrations or

Students orientation towards the . L . . .
stories to raise issues, motivate students to engage in problem solving.

problem
Stage 2: . .
. Define and organize learning tasks related to the problem.
Organizing students to learn
Stage 3:
Guiding individual and group Gather appropriate information; carry out experiments, to get explanations and troubleshooting.
investigations.
Stage 4: Planning and preparing the appropriate work like reports, videos and models and helping them to share
Develop and present the work. the task with their friends.
Stage 5:
Analyze and evaluate the Reflecting or evaluating their investigations and the processes they use.

problem-solving process.

According to Pierce and Jones (1996) in the implementation of learning models there are processes that must be
raised, such as: engagement, inquiry and investigation, performance, debriefing. The process is described as
follows:

1) Involvement aims to prepare students to act as a self-directed problem solver that can work with others,
confronting students in situations that are capable of being able to find problems, researching and solving
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them.

2) Inquiry and investigation which involves exploring various ways of explaining and implications, as well as
activities of collecting and distributing information. Performance aims to present the findings obtained.

3) Frequently asked questions and discussions, are testing the accuracy of the solution and reflecting on the
problem solving, for example mathematical problems.

In this research, the problem formulation is how is the Implementation of mathematical problem-based learning
models that can improve students’ mathematical thinking ability?. This research aims to describe students’
mathematical thinking ability; one of the efforts that can be done is to apply the mathematical problem-based
learning model, and useful for the development of learning in the world of education.

2. Research Method

This research uses qualitative approach. The subjects of the research are high school students in Parepare, who
observed as many as thirty-six people. Data collections wereconducted by observing the learning process in class
(teacher and student activities), and provide test sheets. Data analysis techniques used are qualitative data analysis
techniques. The collected data were then analyzed explorative, which is to explore widely all activities during the
learning process including the analysis of the subject’s work. The qualitative strategy used was descriptive. The
main instrument in this study were the researchers themselves, because the researchers themselves who collect
data through the observation (Creswell, 2012) To strengthen the research data used supporting instruments, namely
paper test (student worksheet).

3. Research Findings and Discussions

The results of the research that will be presented below are strengthened by U. Adiga and S. Adiga (2015), and
Duck et al. (2011). In This research, the observation of the activity during the application of mathematical
problem-based learning modelin class is described as follows:

a. Orientation Phase

The activities undertaken in this phase are the students’ orientation to the mathematical problems that will be
discussed. Orientation activities aimed at preparation include explanation of learning objectives, explanation of
required learning tools (including tasks to be assigned to students), submission of phenomena or demonstrations
or stories to raise issues, and motivate students to engage in solving mathematical problems selected.

Illustration:

The teacher provides an
explanation of the leaming
objectives and other things
neededinthelesson

Figure 1. Illustration of orientation phase

b. Organizing Phase

In this phase, the teacher defines and organizes the students’ learning tasks related to the math problems that will
be discussed.
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I1lustration:

Teacherisorganizing the
students

engagement

Figure 2. Illustration of organizing phase

c. Mentoring Phase

In this phase, the teacher mentoring the investigation of the tasks that students do individually or in groups.

I1lustration:

The teacher distributes the
assignment andthen
mentoringthemto do the
given assignments

inquiryand

investigation

Figure 3. Ilustration of Mentoring Phase

d. Developing Phase

In this phase, teacher develops and presents the students’ work.

[lustration:
Properplanning and
preparationofworks suchas
reports, videos, and teachers
help students to share the
R — tasks with their friends.
discussion

Figure 4. Illustration of developing phase (performance)

e. Analysis Phase

In this phase, the teacher analyzes and evaluates the student problem-solving process. Analysis of students’
mathematical thinking abilities is explored from the tasks assigned. The following describes students’
mathematical thinking abilities after applied the mathematical problem-based learning model.

There are two angles, A and B with their respective angular values are sin 4 = gandsin B = % The A is an obtuse
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angle and B is the acute angle. Please determine:
1) sin(A+B)

2) sin(A—B)

Answer (Subject A):

). & sw(Ats) -7 P la-8).-? e i
ofthe problem andthe

/5 . maka, CO5A V1~ (smp)? -

%y waka, (05 B 2 \1-Rw e

elementsbeing asked orthe
Figure 5. Problem identification

problemto be solved.

an b°

The process of identifying the problem of the subject begins by making the perception, which is doing the act of
recognizing the problem by arranging/interpreting the known elements. This step leads the students to group the
next trigonometric problem as shown in the following Figure 6.
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Figure 6. Grouping the problems

The process of grouping the problem by substituting the value of sinA = gandsinB = g in each of the shapes

identified in Figure 7. Furthermore the results obtained from the grouping process are used to determine the final
value as asked in the question.
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Figure 7. Conclusion

sin(4 + B) = (sinA.cos B) + (cos A. sinB)

The student’s conclusions about the trigonometric problem are directed to the actual use of the formula, so that the
value obtained from the process of grouping the problem can be directly substituted. The problem-solving process
performed by the students indicates the ability of mathematical thinking that explicitly shows the ability of
students to make abstractions to mathematical problems (Mustafa et al., 2017). Tall (2002) reveals that if a student
develops his ability to consciously create abstractions from mathematical situations, then the student has reached

121



ies.ccsenet.org International Education Studies Vol. 12, No. 2; 2019

the advanced level of mathematical thinking. The achievement of the ability to make this abstraction is the most
important goal of mathematics education. Abstraction is the main construction process in building mental structure
from mathematical structure (Tall, 2002).

Mathematical problem-based learning model is directed to sustain the achievement of optimal target or learning
objectives that have been set. Learning objectives are divided into the main objectives that are immediate or urgent
to achieve (instructional effect) and the purpose of followers or accompaniments that are goals that cannot be
achieved immediately or the results are not immediately be picked after the learning took place, but expected in a
relatively long time.

Based on research results, mathematical problem based learning model has several advantages as follows:

1) Mathematical problem solving is a pretty good technique for understanding students’ mathematical thinking
ability

2) Mathematical problem solving can challenge the students’ mathematical thinking ability to provide
satisfaction infinding new knowledge for learners.

3) Mathematical problem solving can improve learners’ learning activities, so mathematics learning can be fun.
4) Mathematical problem solving can help students transfer knowledge to understand real-life problems.

5) Mathematical problem solving can help students develop new and responsible knowledge in the learning they
are undertaking.

6) Through problem solving students can learn other subjects (mathematics, science, history, etc.), as way of
thinking, and something that must be understood by learners, not just learning from teachers or from books
only.

7) Mathematical problem solving can also develop students’ ability to think critically and develop students’
ability to adapt to new knowledge

8) Mathematical problem solving can provide opportunities for students by applying the knowledge that
students have in the real world.

9) Mathematical problem solving can develop students’ interest to continually learn even when learning in
formal education has ended.

Next, the weaknesses found in this learning model as follows:

1) If the student has no interest or no belief that the problem learned is difficult to solve, then the student will
find it difficult to try.

2) Need longer time for the preparation.

3)  Without understanding why students are trying to solve the problem being studied, then students will not
learn what they want to learn.

The mathematical thinking ability that students demonstrate is in line with what being expressed by Mustafa
(2016). In identifying the problem, the students firstly determine the known elements, giving mathematical terms
or symbols, then designing the solution. At the grouping stage, students place some terms and make presentation in
a simple form, such as drawing illustrations so as to better guide students towards problem solving. At this stage,
students can construct the image by bringing the problem into everyday life. The final stage of problem solving by
students is to make a conclusion. Conclusion is the final idea that students get based on the problem solving steps
that have been done.

The students’ mathematical thinking ability is explored according to the result of the work given after all activities
in the mathematical problem-based learning model is applied.

4. Conclusion

Based on the research findings and discussions abovewhich is based on observations of thirty-six students, it is
concluded that the mathematical problem-based learning model can help to understand the high school students’
mathematical thinking ability. Each phase of the learning model has an impact on students’ ability to uncover
students’ ideas towards mathematical problems, so they can illustrate the thinking process of the students. Phase
consists of Orientation Phase, Organizing Phase, Mentoring Phase, Developing Phase, and Analysis Phase.
Therefore, the students’ mathematical thinking ability is described as follows: (1) identification stage of the
problem, done by uncovering the known elements, the element in question, giving the term and using the
mathematical symbol, and designing the settlement, (2) the grouping stages, by placing identified terms/symbols
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and solving problems according to plan, and (3) drawing conclusions, done by linking math problems in everyday
life.
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