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Abstract. Humans are commanded by God to think in order to get the truth and
avoid being misled. Asking is part of thinking, so that to solve math problems
students are required to ask quality questions. This case study research aims to
explore students' questions when solving open-ended mathematical problems.
This case study involved three junior high school students who could provide
more than one solution. Mathematical tests and unstructured interviews were
used to collect data. The results showed that there were three types of questions
that were in students' minds while solving open-ended mathematical problems,
including investigative questions, data collection tool questions, and validation
questions.
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1 Introduction

Being able to solve problems well has been the main goal in learning mathematics since
ancient times until now [1]-[3]. The various stages of problem solving are initiated by experts.
Polya provides four stages of problem solving which are widely used by teachers and students
in solving math problems [4]. Posamentier & Krulik provide strategies that are seen as
efficient in solving mathematical problems [5],[6]. However, when one looks at the idea of
how mathematical problems are solved, he has not examined the role of the questions posed in
the problem.

In surah Al An' am verse 50, Allah SWT commands people to think in order to get the
truth and avoid error [7]. In addition, to build knowledge, a person needs to ask and ask is a
divine command in surah An ahl verse 43 [8]. Usually, someone will think when they have a
complex problem. A problem means something that needs examination or resolution [9]. The
type of problem that is often encountered is an open-ended problem. Open-ended problems are
widely used in various countries to improve thinking skills [10]. According to Foong, open-
ended problems provide students the opportunity to demonstrate mathematical knowledge,
skills, and understanding [10]. Therefore, open-ended problems must challenge students to
reason and think, and require students to apply various approaches and strategies.

Asking questions is a cognitive activity that is very important in solving problems [11],
[12]. Asking questions should be a serious concern for students in solving problems. In fact,
Polya in each stage of problem solving asked what questions could help solve each stage of
problem solving [4]. In addition, Strachan initiated several questions in the learning process
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in the form of questions about making assumptions about the topics or problems at hand,
questions about understanding interests and power relationships, questions to explore
alternative ways of acting, and questions about making ethical choices [13]. Wallace &
Jefferson provide four question criteria, namely regarding topic, class, description, and
relevance [14]. Thus, the right form of questions is the key to successful solving of
mathematical problems.

Previous studies have shown the important role of questions posed by teachers in learning
mathematics in the classroom [15]-[20]. The questions asked by the teacher depend on the
teacher's teaching style [15]. Students provide longer answers to open-ended problems when
the teacher asks "how?" and "why?" [19]. These studies show the very important questions
teachers ask during mathematics learning. To improve thinking skills, students need to have
the urge to ask questions. In fact, maybe as long as students think to solve math problems
independently, students ask questions in their mind. So, every student needs to be a good
questioner in solving problems. Therefore, the aim of this study is to explore students'
questions while solving open-ended problems.

2 Research Method

This study explored the problem and developed a detailed understanding of unique and
occurring phenomena. Therefore, this study used a qualitative research design with a case
study approach [21]. This study focuses on the characteristics of students' questions posed in
their minds while solving open-ended mathematical problems. The subjects of this study were
students who were able to solve open-ended math problems. Subjects could provide more than
one answer for the area of the quadrilaterals, and are also communicative in the interview
process. The researcher took three subjects, including a student who answered with two
solutions, a student who answered with three solutions, and a student who answered with four
solutions.

The research instruments included tests and interviews. The test was in the form of an
open-ended mathematical problem, in the form of "Given the rectangle with a size of 8 cm and
5 cm, determine the area of the rectangle!". This problem adopted an open-ended problem as
exemplified by [10]. Students were asked to work with a duration of about 30 minutes. Then,
students were directly interviewed to get thought process data that focused on any questions
that were on the student's mind while doing the test. The unstructured interview type was used
in this study.

After the research data were obtained in the form of student answers and recorded
interviews, then the data were analyzed to get a conclusion. The stages of data analysis in this
study began by copying the data from the recorded interviews from audio to written form.
Then, reduce the data by focusing on the questions that were in students' minds while solving
open-ended mathematical problems. After the data were reduced, the data were coded and
categorized based on the stages of problem solving. The final stage was to make conclusions
on the characteristics of the questions generated by students.

3 Result and Discussion

The results of the analysis of students' answers in solving open-ended problems found
three subjects, including the 1st subject with the initials LMN which provided two solutions,



the 2nd subject with the initials AA provided three solutions, and the 3rd subject with the
initials NA provided four solutions to the area of a rectangle. The results of the interview of
the three subjects showed that there were questions in the subject's mind when solving the
questions.

3.1 The First Subject

The first subject with the initials LMN. The subject gave two answers for the area of the
quadrilateral, namely 24 ¢m? and 40 cm?. The first question that showed in the subject's mind
during the process of understanding the problem were “What kind of shape was it? Was it a
parallelogram or something else?” The subject tried to identify a rectangular shape that met
the criteria for the problem. Then, the subject focused on the size of the rectangle. So that the
subject asked himself, “Did you think if the size is two and different, it was means that the
rectangle was a rectangle and a parallelogram?”. After the subject decided that the
appropriate rectangle shape was a rectangle and a parallelogram, the next question arose.
“What were formula the area of the rectangle and parallelogram? Then if the height of the
parallelogram was not known, then did I have to find the height first?”. This question invoked
a schematic regarding the formula for the area of a rectangle and a parallelogram, and the
height of a parallelogram. Furthermore, the subject substituted the known size in the formula
for area of the rectangle and parallelogram. Since the area of the two shapes was obtained,
then the question arose to the subject, namely "did my answer correct? May be it could be
wrong?”. Figure 1 below is the subject's answer to the open-ended problem which is given
with two solutions.
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Fig. 1. Written Answers to the LMN subject
3.2 The Second Subject

The second subject with the initials AA. The subject gave three answers to the area of the
quadrilateral, namely 40 ¢cm?, 20 ¢cm?, and 40 ¢cm?. The first question in the subject's mind
while understanding the question were "what was the shape of the rectangle?" and " how
many squares could be formed?". This question existed due to the subject's confusion in
determining the exact shape of the quadrilateral on the problem. The next question was the
size of the rectangle. This question the subject raised in his mind. Because the subject argued
that the area of a quadrilateral depended on a clearly known size. If the area was rectangular,
then the length and width of the side of the rectangle must be clearly known. If the area was



the rhombus, then the length of the diagonals needed to be clearly identified. However, the
subject decides on the quadrilateral in question, namely the rectangle, parallelogram, and
rhombus.

Then the subject asked himself about the formula for obtaining the area of the three shapes.
When the subject had obtained the formula for the area of a rectangle, a parallelogram, and a
rhombus, then substituted the size of the rectangle for the three shapes, and finally got the area
of the quadrilateral, the subject asked himself, "did the formula correct or not correct?". This
question was a form of doubt by the subject on the formula for the area of the given
quadrilateral. The subject also asked whether there was a possibility of another quadrilateral
shape such as a trapezoid. However, the subject argued that if it was trapezoid, then the size of
the unknown would be the height of the trapezoid. The subject felt confident in the answer.
The subject did not double-check the answer. Figure 2 below is the subject's answer to the
open-ended problem which is given with three solutions.
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Fig. 2. Written Answers to the Subject AA
3.3 The Third Subject

The third subject with the initials NA. The subject gave four answers to the area of the
quadrilateral, namely 20 cm?, 40 cm?, 40 cm?, and 20 cm?. The first question that came to the
subject's mind after reading the question many times was "what is the shape of a rectangle?
And what size is it?". Next, the subject decided to try all the quadrilateral. Then, the subject
chose the quadrilateral that matches the data known in the problem. The subject decided that
the square and trapezoid are not the quadrilateral in question. The square was not a
quadrilateral in the problem, because two different sizes are known in the problem. According
to the subject, the trapezoid is not a rectangle in the problem, because to find the area of the



trapezoid, the height of the trapezoid is needed. Finally, the subject chose a quadrilateral shape
which may include a rectangle, a parallelogram, a rhombus, and a kite.

The next step, the subject determined the initial size of the quadrilateral on the problem.
The two measurements in the problem were the length and width for the rectangle, and the
length of the diagonals for the rhombus and kite. Then the subject determined the formula for
the area of a rectangle, parallelogram, rhombus, and kite. The specified size was substituted in
the formula for the area of the given rectangle. After the subject got the area of the specified
rectangle shape, then the subject checked the area again. The subject asked himself "was there
an error in my answer?". Figure 3 below is the answer to the NA subject to the open-ended
problem with four solutions.
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Fig. 3. Written Answer of Subject AA

From the questions that were in the minds of the three subjects when solving open-ended
mathematical problems, it can be summarized that are adapted to the stages of Polya [4], in
table 1.

Table 1. Characteristics of Subject Questions
Polya's stages Question characteristics
Understanding the problem  a. Identifying the shapes of the quadrilateral
b. Make predictions about the shape of a specific quadrilateral based
on the known size properties of the problem
c. Determine the unknown height of the parallelogram on the problem

Devising a plan a. Define the formula for the area of the claimed quadrilateral
b. Determine the correctness of the memorable area formula.
Carrying out the plan No questions asked.

Looking back Check the correctness of the answers




The results showed that during the process of solving open-ended mathematical problems,
the three subjects asked questions in the subject's mind. The stages of solving open-ended
mathematical problems can be divided into four stages of solving [4] problems, including
understanding the problem, devising a plan, carrying out the plan, and looking back. When
understanding open-ended mathematical problems, the subject's questions are related to
identifying the rectangular shapes that exist in the subject's memory, making guesses about the
special shape of the rectangle that corresponds to the size known in the problem, and the
question of the length of the trapezium, because there is no measurement to the problem.
Questions at this stage could be referred to as investigative questions. Through this
questioning, the subject carefully examines the specific form of the universal form, then
makes conjectures and claims based on known data.

At the devising a plan stage, the subjects already knew that in order to get the area of the
quadrilateral that were claimed, the area formula was needed. The area of the plane that was
claimed to be obtained by substituting the dimensions of the shape. Therefore, the
characteristic of the question that arose in the mind of the subject were to determine the area
formula of the claimed rectangle and the correctness of the area formula specified. Questions
at this stage could be referred to as “data collection tools” questions. This question encouraged
the subject to remember the right formula that could be use based on the claimed data so that
what they were looking for can be found.

At the carrying out the plan stage, the subject does not raise any questions in his mind. The
subject is sure that what each stage of the calculation is doing is correct. At the looking back
stage, ask himself about the truth in terms of the area of the quadrilateral obtained. This
question motivates the subject to examine each stage of the calculation until the area value of
the quadrilateral is obtained. Therefore, the characteristic of questions that arise in the mind of
the subject is to test the correctness of the answer. Questions at the looking back stage can be
referred to as validation questions. This question moves the subject to test the correctness of
the final answer or the entire answer made.

The questions posed in the mind of the subject were basically the subject's attempt to
engage and solve open-ended mathematical problems. In line with the research results of Ley
et.al that the type of question greatly affects the level of student involvement in solving math
problems [22]. The two types of questions were procedural questions and conceptual
questions. Procedural questions were related to the fluency of students using procedural
knowledge, while conceptual questions were related to how students remember and build
understanding of new concepts to be used in solving problems. In Browne & Keely provide an
idea of what questions students need to ask when solving problems, including what is the
problem? What words are ambiguous about the problem? Are there any assumptions needed to
solve the problem? Was there an error while troubleshooting? What is the conclusion of the
solution obtained? [23],[24].

4 Conclusion

There were three types of questions that arose in students' minds while solving open-ended
mathematical problems, including investigative questions, data collection tool questions, and
validation questions. Investigative questions arose when understanding a problem, data
collection tool questions arise when devising a plan, and validation questions arise when
reviewing the final answer or overall answer. The results showed that the characteristics of the
questions in students' minds would affect thinking skills in solving open-ended problems.
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