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Abstract

Problem-solving in school geometry is one of the indispensable abilities for prospective
mathematics teachers as a provision for their future careers. This research aims to investigate
learning and teaching processes on problem-solving in school geometry and its corresponding
impact on prospective mathematics teachers’ abilities. To investigate this, we conducted a
qualitative case study in the form of online classroom observations and their corresponding
written assessment for the case of problem-solving in school geometry, involving 47
mathematics education students (20-21 years old) in one of the universities in Indonesia. The
results of this study showed that the learning and teaching processes are implemented through
the use of a combination of deductive and inductive teaching approaches in which students
contribute actively to problem-solving activities. From written student work, we found various
solution strategies and conceptual difficulties in solving school geometry problems. We
conclude that the use of the deductive and inductive approaches has influenced students’ ability
and creativity in solving geometry problems. This implies that the combination of the teaching
approach has contributed to the development of prospective mathematics teachers’ ability in
dealing with non-routine geometry problems.

Keywords: Geometry Education, Problem-Solving, Prospective Mathematics Teachers, Teaching and Learning
Approaches.

Introduction

One of the abilities needed for the 21st century is problem-solving (Funke et al., 2018;
Jamaludin & Hung, 2017). Problem-solving has become a central goal in school mathematics
curricula all over the world (e.g., Doorman et al., 2007; Kemdikbud, 2013; National Council
of Teachers of Mathematics, 2001; Thompson & Kaur, 2011). Problem-solving ability can be
developed in school mathematics through, inter alia, learning geometry topics (Bokosmaty et
al., 2015; Erbas et al., 2005). This problem-solving ability, particularly in geometry, is not only
important for school students but also for mathematics education students as prospective
mathematics teachers for their future life and careers (Jupri & Syaodih, 2016; Jupri, 2017;
Koyuncu et al., 2015). Addressing the problem-solving ability of prospective mathematics
teachers is therefore important for the future of teacher education (Richmond et al., 2019;
Zeichner, 2022).

Previous studies concerning prospective mathematics teachers’ problem-solving ability in
geometry have, however, shown various results. Koyuncu, Akyuz, and Cakiroglu (2015) found
that prospective mathematics teachers prefer to have geometric rather than algebraic solutions
in solving plane geometry problems. Prospective mathematics teachers encountered difficulties
in dealing with geometry problems related to base concepts (Horzum & Ertekin, 2017) and in
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dealing with problems related to diagonals of quadrilaterals (Ayvaz et al., 2017). In Indonesia,
investigations on prospective mathematics teachers’ ability in problem-solving geometry
topics, to a limited extent, have been carried out with different focuses. For example, Darminto
(2013) found that problem-solving ability is influenced by creativity, while Astuti (2017)
emphasized that experience in solving various problems is crucial for further problem-solving
activities. Other results have shown that prospective mathematics teachers encountered
difficulties in problem-solving related to proving in geometry (Masfingatin et al., 2018) and
related to contextual problems (Nasrullah et al., 2019). The results of these studies motivated
us to further investigate how Indonesian prospective mathematics teachers engage in problem-
solving activities, particularly in the learning and teaching processes of geometry topics. To a
certain extent, this are of research is underexplored.

Selected Topics in School Mathematics (STSM) is one of the courses for prospective
mathematics teachers in Indonesia. In this course, essential mathematics topics, including
school geometry, are addressed to strengthen conceptual understanding, procedural skills, and
problem-solving abilities. We wonder how the learning and teaching processes are
implemented to strengthen the problem-solving ability of prospective teachers, particularly in
the case of geometry topics. Considering this account, this study aims to investigate the
implementation of the learning and teaching processes of the STSM course and its
corresponding impact on prospective mathematics teachers’ ability in problem-solving
geometry topics.

To investigate the aim of this study, we use two main theoretical frameworks, including
types of teaching and learning approaches and problem-solving. Regarding types of teaching
and learning approaches, in general, they can be distinguished into deductive and inductive
approaches (Cardino & Cruz, 2020; Prince & Felder, 2006; 2007). In the deductive approach,
the teaching and learning process is implemented from general ideas, such as explaining
concepts and principles, to more specific ideas, such as giving examples and exercises that
apply concepts and principles (Jupri et al., 2021; Prince & Felder, 2006; 2007). In the inductive
approach, the teaching and learning process is implemented from more specific ideas, such as
exploring problems, to more general ideas of developing concepts and principles from
exploring activities (Jupri et al., 2021; Prince & Felder, 2007). The combination of these two
teaching approaches means that both characteristics of the approaches appear simultaneously
in the teaching and learning processes (Lackner, 1972; Prince & Felder, 2006; 2007).

Concerning problem-solving, in general, it refers to a process of applying acquired
knowledge for solving new previously unfamiliar (or non-routine) problems (Doorman et al.,
2007; Posamentier & Stepelman, 1990). In the context of geometry, therefore, problem-solving
can be described as an activity of applying geometry knowledge to solving non-routine
geometry problems. According to Polya (1973), in the general situation and in mathematics, in
particular, there are four main stages that should be passed through in a problem-solving
process, i.e., understanding the problem, devising a plan, carrying out the plan, and looking
back (checking and extending). These four stages can be applied in the teaching and learning
process as a kind of teaching strategy or in assessing processes and products of problem-solving
(Lam et al., 2011). In this study, the four stages of problem-solving are used for analysing the
process and the product of prospective mathematics teachers’ written work in solving non-
routine geometry problems.
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Methods

A qualitative case study in the form of self-observations was conducted to investigate the
implementation of teaching and learning processes of the Selected Topics in School
Mathematics (STSM) course for the case of problem-solving in school geometry. In the
preparation stage, the first author prepared the initial draft of a lesson plan and the tasks for the
formative test. The first version of the lesson plan and formative tasks was then reviewed by
the second and third authors. Next, based on the review and the discussion among the authors,
we revised the plan and formative tasks to obtain ready teaching materials. In this preparation
phase, we also decided on how to use a combination of deductive and inductive teaching
approaches.

In the second stage, the self-observations of the teaching and learning processes included
two parts. In the first part, we observed the teaching and learning processes of two meetings on
problem-solving of school geometry for the topics of triangles and quadrilaterals, lasting for 2
x 100 minutes, involving 47 mathematics education students (20-21 year-olds) in one of the
state universities in Bandung, Indonesia. In the second part, we observed the results of a
formative individual written assessment, which lasted for 30 minutes, on solving non-routine
geometry problems. The non-routine geometry problems were taken from a module for pre-
service mathematics teachers and from other relevant textbooks containing non-routine
geometry tasks (e.g., Aziz & Budi, 2013; Junaedi, 2019; Kurniawan & Suryadi, 2007). In this
self-observation, the first author did the teaching, made notes on the teaching activities,
analysed written student work, and reflected upon his PowerPoint slides and the additional
teaching notes; the second author observed the teaching and learning process; and the third
author checked written student work, PowerPoint slides, and pictures of the teaching and
learning process. From the two parts of the observations, the data that we collected included
field notes of the teaching processes, PowerPoint slides, written student work, and pictures
from the meetings.

In the third stage, to analyse the data on the teaching and learning processes, we used the
framework of types of teaching approaches. To analyse written student work, including
problem-solving strategies and difficulties, we used problem-solving stages according to Polya
(1973). In this analysis, the second and third authors checked PowerPoint Slides, pictures of
the teaching process, and written student work. Initial results of the checking process were then
discussed with the first author. Finally, based on the discussion among authors, the final results
of the analysis were obtained.

Results and Discussion

To address the results of the investigation of the implementation of the learning and teaching
processes and their corresponding impact on prospective mathematics teachers’ ability in
problem-solving geometry, this section presents the results and discussion of two parts of the
self-observations. The first subsection presents the results of the observation on the teaching
and learning process on problem-solving of geometry, and the second subsection outlines the
results of the analysis of written student work from the formative assessment.
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Teaching and Learning Processes on Problem-Solving of Geometry

The teaching and learning processes in the course of Selected Topics for School
Mathematics (STSM), for the case of problem-solving in geometry, were started by the lecturer
by reminding students about the concepts, properties, and formulas for quadrilaterals and a
triangle. Next, the lecturer gave two problems (shown in Figure 1) as examples of how to use
the concepts, properties, and formulas of the triangle and quadrilaterals in the problem-solving
processes. In terms of Polya (1973), Problem 1, in Figure 1 (a), concerns a problem to find;
and Problem 2, in Figure 1(b), concerns a problem to prove.

Problem 1. Consider the following figure. Problem 2. Consider the following figure. If PORS
Y B is a trapezoid, prove that ¢ = a? + b2,
i S
IE
R
b c
G
@ D a
If AD =4 cm, AB =3 cm, CD =9 cm, then find the
area of the triangle AEC. P a il b Q
(a) (b)

Figure 1. Two geometry problems in the teaching and learning process:
(a) Problem to find, (b) Problem to prove

Before discussing solutions to the two problems above, the lecturer provided time for
students to work independently. After waiting for about 10 minutes, the lecturer guided the
classroom discussion for the case of Problem 1. The lecturer asked students what the unknown,
the condition, and other information given in the problem. Next, he guided the problem-solving
process. During the guidance, i.e., for each step of the solution (from understanding the
problem, devising a plan of solution, carrying out a solution, and looking back to the solution),
the lecturer posed relevant questions to students and would not continue if they did not provide
relevant responses. This means that the guidance and explanation processes were combined
with the use of a question-and-answer strategy. Figure 2 presents the solution for Problem 1,
which is rewritten concisely. A difficult moment for students in this classroom discussion,
which took time, occurred when devising a plan, i.e., it was found difficult to come to an idea
of the similarity of two triangles for determining the length of AE.

For the case of Problem 2, which is classified as a problem to prove, the classroom
discussion was initiated by one of the students. The student proposed proof by applying
formulas of the area of a triangle and a trapezoid. In the proving process, before applying area
formulas, mathematics education students should see that the whole quadrilateral is a trapezoid
consisting of three triangles. The proof is rewritten concisely and is presented in Figure 3. After
discussing these two problems, the lecturer guided students to draw conclusions about the
process of problem-solving that needs more than only a conceptual understanding of geometry
concepts. Next, he gave two more problems as a formative individual written assessment. We
address the results of this written student work in the next subsection.
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Let AE = x, which therefore DE = 4 — x.
A B
X

(6] D

Because ZBAE = £CDE, and ZAEB = £DEC, then AAEB~ADEC.
As a consequence, we obtain

AE _AB 3 1

DE DC 9 3

=2 A

4-x 3
©3x=4—x.
© 4x = 4. Therefore, the area of AAEC = L AE.cD=119=2cm2
== 2 2 2

Figure 2. Solution to Problem 1

L& 2PTES = 200000 = @7, el 219510 = QJ0R = /8-
As a consequence £RTS = 180° — (a+p) = 90°.
This means ARTS is a right triangle.

Area PST + Area QTR + Area RTS = Area PQRS.
& 2ab+zab+2c = (a+b)(a+b).

& ab + ab + c? = (a + b)?.

& 2ab + c? = a® + b? + 2ab.

e =lat B

Figure 3. Solution to Problem 2

From the description of the findings, we can discuss two main points. First, we can
summarize that the sequence of the teaching and learning process is as follows. It starts from
reminding the concepts, principles, and formulas of a triangle and quadrilaterals that can be
used for problem-solving activities; to giving problems and an opportunity to students to work
independently; to guiding classroom discussion, including giving opportunities for students to
propose their ideas in problem-solving; and to providing an individual written assessment.
Taking this sequence of teaching and learning into consideration, which starts from general
ideas of reminding concepts and principles of geometry to provide students opportunities to
propose their ideas and guiding classroom discussion as well as the conclusion, we consider
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that the lecturer uses a combination of deductive and inductive teaching approaches in the
teaching and learning process (Jupri et al., 2021; Ndemo et al., 2017; Prince & Felder, 2006;
2007). This means that the teaching and learning process has created a situation in which a
balanced active contribution between the students and the lecturer during the problem-solving
process.

Second, we noted that even if only expressed verbally during the teaching process, the
lecturer guided students in problem-solving activities by implementing four stages of problem-
solving according to Polya (1973). In line with other relevant studies (e.g., Bokosmaty et al.,
2015; Gulam & Arenas, 2024; Lam et al., 2011), from a pedagogical perspective, this study
provides an example of how to use Polya’s heuristics of problem-solving in the teaching and
learning practice.

Analysis of Written Student Work on Problem Solving of Geometry

The individual written assessment assessed mathematics education students to solve two
geometry problems, i.e., Problem 3 and Problem 4 (shown in Figure 4). These problems are
considered to be non-routine problems and, in terms of Polya (1973), are classified into
problems to find. Problem 3 invites a problem-solving activity that needs the use of
quadrilateral and triangle concepts. Problem 4 invites a problem-solving activity that is mainly
related to the concept of the area of a triangle. Next, the two problems were addressed in the
next meeting of the course.

Problem 3. If ABCD and DEFG are squares, AB =6 Problem 4. In the triangle ABC below, 4D = DF, EF = FC,
cm, and DE = 4 cm, find the area of the shaded region. and BE = ED. If the area of triangle DEF is 2 cn’, then find
= the area of the triangle 4BC.
B 4 -
Q\c
y \ o= F
S A
C D E B €

Figure 4. Two geometry problems in the individual written assessment

From the analysis, for the case of Problem 3, we found that 36 out of 47 students solved this
problem correctly. This means that the problem is relatively easy for about 76% of the
participating students. In addition, we found four different strategies for solving this problem.
Two different strategies, i.e., Strategy 1 as the most frequently used (49%) and Strategy 2 as
the least frequently used strategy (6%), are shown in Figure 5. In our view, both strategies show
creativity in the problem-solving processes. In particular, for the case of Strategy 2, students
should construct a rectangle CEHB, which is not known previously, to simplify the calculation
of the area of the ACFG.

Other two different strategies for obtaining the area of ACFG are carried out consecutively
as follows: (1) adding areas for triangles AGC and FGC, and (2) using a similarity of two
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triangles to obtain K as the intersection point for CF and GD, adding areas for triangles FGK
and AKC. These different strategies were discussed in the further meeting of the course. During
the discussion, the lecturer asked a representative student for each different strategy to explain
it such that other students could learn his/her strategy. Also, during the explanation, the lecturer
asked the student to explain in terms of Polya’s problem-solving stages verbally. Difficulties
encountered by students in solving Problem 3 include finding an appropriate altitude of a
triangle for a given corresponding base of the triangle, applying the similarity concept of two
triangles, and making careless mistakes in calculation.

4 A Ay H
| ) x E?a. O
“ ++
. [l N
| 4cm F Q4 O,
@ 6 cm 0O Acm ¢t b €

LAcea = LABCD + LDEFG — Laasc - LyeF
= ( AB xpe) +(DE #6F)- (V2 AB-6c)-(/2- CE - EF) Lacre * Leena = Lanee = Lase - Lacer

= (bem r6cm) +(4 cm x4cm) - (V4 - ben x bem) T (10 e 6 Cm) ~ (4 om. 2 cm)
~(Yax10em x4 cm) —(f-Cem.cem)-(4:10 om.qem)
= 26em* £ 16cm*- (Bem®- 20 cm*® =160 ki — 3 lom —~ 13 (Gt = 30 lcon®
z |4 cm? - £ 14 omt.
(a) (b)

Figure 5. Two different strategies from written work of mathematics education students
for solving Problem 3: (a) Strategy 1, and (b) Strategy 2

For the case of solving Problem 4, we found that 9 out of 47 students solved the problem
correctly. This means that the problem is relatively difficult for most of the participating
students. Even if we observed some different ways of solution processes, we found only one
strategy for solving this problem. Figure 6 presents a representative example of written student
work showing the solution process of Problem 4. As observed in written student work and
revealed during the classroom discussion, the main difficulty for students in solving this
problem concerns seeing a common altitude for two triangles having the same length of their
bases. For example, a student could not see a common altitude of the two triangles DEF and
ADE, having the same length of bases, namely AD = DF. As a consequence, the student could
not conclude that these two triangles have the same area. Other difficulties include constructing
AE, CD, and BF; and finding appropriate geometric concepts to solve the problem. For
example, some students tried to use the similarity of triangles to find areas for ADB and CFA
but then failed because of a lack of information on the problem.
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Figure 6. A representative example of written student work for Problem 4

From the description of the findings in this section, we note two points. First, we consider
that a problem-solving activity, which is supported by the use of open-ended problems,
facilitates the development of creativity. The results of this study are in line with the results of
other studies (e.g., Jupri & Syaodih, 2016; Kwon et al., 2006; Szabo et al., 2020) in terms of
the emergence of various solution strategies in problem-solving activities. In terms of
creativity, the use of different strategies indicates the use of divergent thinking in general and
flexible thinking in particular (De Vink et al., 2022; Kwon et al., 2006; Sawada, 1997).

Second, the findings on the difficulties in dealing with geometry problems, for instance,
difficulties in seeing the same geometric figures with different perspectives, indicate that
mathematics education students need more practice in visual perception, that is, in perceiving
and processing visual information by sensory or mental processes (Gal & Linchevski, 2010).
Other difficulties, such as translating geometry problems into algebraic models and making
mistakes in arithmetical calculations, are in line with previous studies on the difficulties in
mathematization processes (De Lange, 2006; Jablonksi, 2024; Jupri et al., 2021).

From the two subsections above, we observed that the teaching and learning process
applying Polya’s framework, although it was implicit, has influenced mathematics education
students’ ability in dealing with non-routine problems in geometry. The students
independently, confidently, and flexibly were able to solve problems with open-ended
characters. The two test problems invited participants’ creativity in terms of the use of different
solution strategies and visualisation. Therefore, the two parts of observations, i.e., the teaching
and learning process and the written individual test, are not separable. They are one unity in
the process of analysis.
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Conclusion

Based on the description of the findings and discussion in the previous sections, we draw
the following three conclusions. First, the teaching and learning process on problem-solving in
school geometry for mathematics education students, as prospective mathematics teachers, is
implemented by combining deductive and inductive approaches. The teaching process, under
the lecturer’s guidance, proceeds consecutively from recalling relevant concepts, principles,
and formulas of geometry for problem-solving; to exploring given problems by students
independently; to conducting classroom discussion, including the provision of opportunities
for students to propose their ideas in problem-solving; to administering individual written
assessment; and to drawing conclusions based on the whole teaching and learning activities. In
our view, recalling relevant knowledge of geometry concerns the use of the deductive
approach, while providing opportunities for students to explore and propose ideas in the
classroom discussion concerns the use of the inductive approach. This combination has brought
the teaching and learning process into student-centered and teacher-centered teaching in a
balanced manner. As a reflection of the observations, we note that some students seem to
encounter difficulties in applying stages of problem-solving taught verbally by the lecturer in
the teaching process. Therefore, to improve the quality of the teaching process in future
research, we suggest applying the problem-solving stages explicitly either in the teaching
process or in the form of written work during the process of problem-solving.

Second, we conjecture that the use of the combination of the deductive and inductive
approaches, in which the inductive characters are quite dominant, has influenced students’
creativity, particularly in the case of solving geometry problems having open-ended characters.
This can be observed from the findings of various strategies for solving the problems, which
shows flexibility in thinking and in solving visual geometry problems. For further research, we
recommend doing an in-depth investigation on the use of open-ended geometry problems
toward students’ creative ability, not only on the aspect of flexibility but also on other aspects,
including fluency and originality.

Third, the difficulties encountered by students in dealing with geometry problems include
perceiving and processing visual information by visual or mental processes, translating
geometry problems into algebraic models, and making careless mistakes in arithmetical
calculations. These difficulties probably can be reduced by giving students more experiences
in problem-solving, such as by providing students with independent or group assignments on
problem-solving. In this way, the process of problem-solving activity occurs not only at the
teaching and learning processes in classroom situations but also at the students’ homes as
independent or group learners.

Despite the above conclusions, we acknowledge that this study has some limitations. As the
written assessment did not require students to write explicitly their solution process according
to Polya’s stages, we could not trace explicitly in which stages they really encountered
difficulties in problem-solving. Also, as the observations depend only on the aforementioned
collected data—including field notes, PowerPoint slides, pictures of the teaching and learning
processes, and written student work—to a limited extent, some unclear written work needs
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further clarification. Therefore, interview data seem necessary to fill this gap if further study
will be conducted in the future.

Acknowledgements

This research was funded by the Faculty of Mathematics and Science Education, Universitas
Pendidikan Indonesia, through the research scheme: Penelitian Pembinaan dan
Pengembangan Research Group year 2021. We thank mathematics education students for their
active participation.

References

Astuti, E. P. (2017). Representasi matematis mahasiswa calon guru dalam menyelesaikan
masalah matematika. [Prospective mathematics teachers’ mathematical representation in
solving mathematics problems.] Beta: Jurnal Tadris Matematika, 10(1), 70-82.
http://dx.doi.org/10.20414/betajtm.v10i1.100

Ayvaz, U., Giindiiz, N., & Bozkus, F. (2017). Understanding of prospective mathematics
teachers of the concept of diagonal. Journal on Mathematics Education, 8(2), 165-
184. http://dx.doi.org/10.22342/jme.8.2.4102.165-184

Aziz, A., & Budi, D.S. (2013). Kupas tuntas olimpiade matematika tingkat SD. [Problem
solution of mathematical Olympiad for elementary school.] Yogyakarta: Penerbit Andi.

Bokosmaty, S., Sweller, J., & Kalyuga, S. (2015). Learning geometry problem solving by
studying worked examples: Effects of learner guidance and expertise. American
Educational Research Journal, 52(2), 307-333.
https://doi.org/10.3102/0002831214549450

Cardino Jr, J. M., & Cruz, R. A. O. D. (2020). Understanding of learning styles and teaching
strategies towards improving the teaching and learning of mathematics. LUMAT:

International Journal on Math, Science and Technology Education, 8(1), 19-43.
https://doi.org/10.31129/LUMAT.8.1.1348

Darminto, B. P. (2013). Meningkatkan kemampuan pemecahan masalah matematis mahasiswa
melalui pembelajaran model Treffinger. [Improving the ability of students’ mathematical
problem solving through Treffingers’ model.] Jurnal Pendidikan Matematika dan Sains,
1(2), 101-107. https://doi.org/10.21831/jpms.v2i2.2476

De Lange, J. (2006). Mathematical literacy for living from OECD-PISA perspective. Tsukuba
Journal of Educational Study in Mathematics. Vol. 25. Special Issue on The APEC-
TSUKUBA International Conference "Innovative Teaching Mathematics through Lesson
Study"” (pp. 13-35). Tokyo, Japan: University of Tsukuba.
http://www.human.tsukuba.ac.jp/~mathedu/2503

De Vink, 1. C., Willemsen, R. H., Lazonder, A. W., & Kroesbergen, E. H. (2022). Creativity
in mathematics performance: The role of divergent and convergent thinking. British
Journal of Educational Psychology, 92(2), 484-501. https://doi.org/10.1111/bjep.12459

Doorman, M., Drijvers, P., Dekker, T., Van den Heuvel-Panhuizen, M., De Lange, J., & Wijers,
M. (2007). Problem solving as a challenge for mathematics education in The
Netherlands. ZDM, 39(5), 405-418. https://doi.org/10.1007/s11858-007-0043-2

10



Problem-Solving in School Geometry for Prospective Mathematics Teachers

Erbas, A. K., Ledford, S. D., Orrill, C. H., & Polly, D. (2005). Promoting problem solving
across geometry and algebra by using technology. The Mathematics Teacher, 98(9), 599-
603. https://doi.org/10.5951/MT.98.9.0599

Funke, J., Fischer, A., & Holt, D. V. (2018). Competencies for complexity: Problem solving in
the twenty-first century. In Care E., Griffin P., Wilson M. (Eds.), 4Assessment and
teaching of 2 1st century skills (pp. 41-53). Springer, Cham. https://doi.org/10.1007/978-
3-319-65368-6 3

Gal, H., & Linchevski, L. (2010). To see or not to see: Analyzing difficulties in geometry from
the perspective of visual perception. Educational studies in mathematics, 74(2), 163-183.
https://doi.org/10.1007/s10649-010-9232-y

Gulam, A. J. B., & Arenas, J. C. (2024). Mathematics performance and Polya’s method in
problem solving. World Journal of Advanced Research and Reviews, 23(3), 2156-2162.
https://doi.org/10.30574/wjarr.2024.23.3.2873

Horzum, T., & Ertekin, E. (2017). Prospective mathematics teachers’ understanding of the base
concept. International Journal of Mathematical Education in Science and Technology,
49(2), 176-199. https://doi.org/10.1080/0020739X.2017.1352042

Jablonski, S. (2024). Challenges in geometric modelling—A comparison of students’
mathematization with real objects, photos, and 3D models. EURASIA Journal of
Mathematics, Science  and  Technology  Education,  20(3), em2414.
https://doi.org/10.29333/ejmste/14321

Jamaludin, A., & Hung, D. (2017). Problem-solving for STEM learning: Navigating games as
narrativized problem spaces for 21st century competencies. Research and Practice in
Technology Enhanced Learning, 12(1), 1-14. https://doi.org/10.1186/s41039-016-0038-
0

Junaedi, 1. (2019). Pendalaman materi matematika: Modul 1 geometri. [Material deepening of
mathematics: Modul 1 geometry.] Jakarta: Kementerian Pendidikan dan Kebudayaan.

Jupri, A., & Syaodih, E. (2016). Between formal and informal thinking: The use of algebra for
solving geometry problems from the perspective of Van Hiele theory. Jurnal Pengajaran
MIPA, 21(2), 108-113. https://doi.org/10.18269/JPMIPA.V2112.817

Jupri, A. (2017). From geometry to algebra and vice versa: Realistic mathematics education
principles for analyzing geometry tasks. In AIP Conference Proceedings (Vol. 1830, No.
1, p. 050001). AIP Publishing. https://doi.org/10.1063/1.4980938

Jupri, A., Usdiyana, D., & Sispiyati, R. (2021). Teaching and learning process for
mathematization activities: The case of solving maximum and minimum problems.
JRAMathEdu (Journal of Research and Advances in Mathematics Education), 6(2), 100-
110. https://doi.org/10.23917/jramathedu.v6i2.13263

Kemdikbud (2013). Kurikulum 2013. Kompetensi dasar: Sekolah menengah pertama
(SMP)/Madrasah tsanawiyah (MTs). [Curriculum 2013. Basic competences: Junior high
school/Islamic junior high school.] Jakarta: Kementerian Pendidikan dan Kebudayaan
Republik Indonesia.

Koyuncu, I., Akyuz, D., & Cakiroglu, E. (2015). Investigating plane geometry problem-solving
strategies of prospective mathematics teachers in technology and paper-and-pencil
environments. International Journal of Science and Mathematics Education, 13(4), 837-
862. https://doi.org/10.1007/s10763-014-9510-8

11



Al Jupri, Elah Nurlaelah, & Jarnawi Afgani Dahlan

Kurniawan, K., & Suryadi, S. (2007). Siap juara olimpiade matematika SMP. [Ready to win
mathematical Olympiad for junior high school.] Jakarta: Erlangga.

Kwon, O. N., Park, J. H., & Park, J. S. (2006). Cultivating divergent thinking in mathematics
through an open-ended approach. Asia Pacific Education Review, 7(1), 51-61.
https://doi.org/10.1007/BF03036784

Lackner, L. M. (1972). Teaching of limit and derivative concepts in beginning calculus by
combinations of inductive and deductive methods. The Journal of Experimental
Education, 40(3), 51-56. https://doi.org/10.1080/00220973.1972.11011334

Lam, T. T., Seng, Q. K., Hoong, L. Y., Dindyal, J., & Guan, T. E. (2011). Assessing problem
solving in the mathematics curriculum: A new approach. In B. Kaur, & W. K Yoong

(Eds.), Assessment in the Mathematics Classroom: Yearbook 2011, Association of
Mathematics Educators (pp. 33-66). https://doi.org/10.1142/9789814360999 0003

Masfingatin, T., Murtafiah, W., & Krisdiana, I. (2018). Kemampuan mahasiswa calon guru
matematika dalam pemecahan masalah pembuktian teorema geometri. [Prospective
student teachers of mathematics abilities in problem solving geometry theorem proving.]
Jurnal Mercumatika: Jurnal Penelitian Matematika dan Pendidikan Matematika, 2(2),
41-50. https://doi.org/10.26486/jm.v212.272

Nasrullah, N., Johar, R., & Munzir, S. (2019). Kemampuan pemecahan masalah dan keyakinan
calon guru dalam menyelesaikan soal pemecahan masalah. [Problem solving ability and
confidence of prospective teachers in solving problem solving problems.] Jurnal
Pendidikan: Teori,  Penelitian, dan  Pengembangan,  4(3), 346-362.
http://dx.doi.org/10.17977/jptpp.v4i3.12110

National Council of Teachers of Mathematics (2001). Principles and standard for school
mathematics:  Executive  summary.  Retrieved 26 May 2021  from
https://www.nctm.org/Standards-and-Positions/Principles-and-Standards/

Ndemo, Z., Zindi, F., & Mtetwa, D. (2017). Mathematics undergraduate student teachers'
conceptions of guided inductive and deductive teaching approaches. Journal of
Curriculum and Teaching, 6(2), 75-83. https://doi.org/10.5430/jct.v6n2p75

Polya, G. (1973). How to solve it: A new aspect of mathematical method (second edition).
Princeton, New Jersey: Princeton University Press. https://doi.org/10.2307/j.ctve773pk

Posamentier, A. S., & Stepelman, J. (1990). Teaching secondary school mathematics:
Techniques and enrichment. New York: Merrill. https://doi.org/10.1142/11583

Prince, M. J., & Felder, R. M. (2006). Inductive teaching and learning methods: Definitions,
comparisons, and research bases. Journal of Engineering Education, 95(2), 123-138.
https://doi.org/10.1002/j.2168-9830.2006.tb00884.x

Prince, M., & Felder, R. (2007). The many faces of inductive teaching and learning. Journal
of College Science Teaching, 36(5), 14-20. https://www jstor.org/stable/42992681

Richmond, G., Salazar, M. D. C., & Jones, N. (2019). Assessment and the future of teacher
education. Journal of Teacher Education, 70(2), 86-89.
https://doi.org/10.1177/00224871188243

Sawada, T. (1997). Developing lesson plans. In J. Becker, & S. Shimada (Eds.), The open-
ended approach: A new proposal for teaching mathematics. (p. 23-35). National Council
of Teachers of Mathematics.

12



Problem-Solving in School Geometry for Prospective Mathematics Teachers

Szabo, Z. K., Kortesi, P., Guncaga, J., Szabo, D., & Neag, R. (2020). Examples of problem-
solving strategies in mathematics education supporting the sustainability of 21st-century
skills. Sustainability, 12(23), 10113. https://doi.org/10.3390/sul122310113

Thompson, D. R., & Kaur, B. (2011). Using a multi-dimensional approach to understanding to
assess students' mathematical knowledge. In B. Kaur, & W. K. Yoong (Eds.), Assessment
in the Mathematics Classroom: Yearbook 2011, Association of Mathematics Educators

(pp- 17-31). https://doi.org/10.1142/9789814360999 0002

Zeichner, K. (2022). Interview with Ken Zeichner: Current challenges and future possibilities
for teacher education. Asia-Pacific Journal of Teacher Education, 50(2), 130-143.
https://doi.org/10.1080/1359866X.2022.2045472

13



Al Jupri, Elah Nurlaelah, & Jarnawi Afgani Dahlan

14



