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ABSTRACT

This study explored the features of critical thinking process skills of prospective teachers with high mathematics
abilities in the process of solving ill-structured problems in mathematics classes of private universities in Makassar,
Indonesia. Participants solved ill-structured problems by following the analyze, browse, create, decision-making,
and evaluate stages. Thirty teacher candidates were selected to complete a math proficiency test. Prospective
teachers were grouped based on high mathematical ability. Then they were interviewed based on the results of the
1I-Structured problem-solving. Based on the analysis and discussion, the results showed that the subjects could
carry out critical thinking processes in solving ill-structured problems through five (5) stages/phases as follows.
Analyze; Subjects could understand the problem by identifying the information needed and defining the problem
given. Browse Subjects had the ability to mention or write by grouping relevant information to solve the given
problem. Create; Subjects were able to formulate and create alternative problem-solving in written form
accompanied by reasoning. Decision-making; The subjects were able to solve the problem by connecting the
information obtained to find a common thread of a problem so that the end can be described from a tangled
condition. Evaluate; The subjects were able to evaluate the steps to solving the problem and obtain the results or
answers in accordance with the target they wanted to achieve. This study’s findings suggest that this process can
be used to help detect the thought process features of teacher candidates for solving IlI-Structured problems in
mathematics education and for future research.
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of learning outcomes, both in terms of knowledge and
special skills [5]-[7]. Therefore, prospective teachers
must possess the ability to think critically in solving
mathematical problems. Watson and Bills say that

1. INTRODUCTION

Critical thinking competence in problem-solving is
one of the basic skills that prospective teachers must

possess to learn mathematics. Five process skills that
prospective teachers must possess through learning
mathematics are included in the standard process,
namely: (1) problem solving; (2) reasoning and proof;
(3) communication; (4) connection; (5) representation
[1]-13]. These skills include high-level mathematical
thinking that must be developed in learning
mathematics.

Prospective teachers in mathematics education are
specifically prepared to become professional teachers
and they need to have critical thinking skills in solving
mathematical problems [4]. Because after graduation,
they must have professional pedagogical competence
as teachers. Professional and pedagogic competencies
that must be achieved are reflected in the formulation

experience in solving mathematical problems can
support the formation of professional competence and
pedagogic competence, including learning outcomes
[8], [9]. Problem-solving is not only the goal but also
the core of learning mathematics [1], [10]-[12].

The findings of Mairing's investigation show that
the ability of prospective mathematics teachers in
problem-solving is at a score of 64.5 on a scale of 0 —
100 [13]. The ability to think in order to solve problems
is beneficial not only for prospective teachers, but also
for students communicating their thought processes in
overcoming problems afterward. Critical thinking is
also a component of this research.
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1.1.Critical Thinking and I11-Structured
Problems in Problem Solving

Critical thinking based on 21%-century abilities
requires someone to know how to think. When the
person is faced with a relatively new problem, his
critical thinking skills will develop over time.
Prospective teachers, scholars, and everyone involved
in achieving the main goal must master critical
thinking skills [14]-[16]. This is useful for generating
ideas for various fields of study and disciplines. In
addition, the combination of temperament and mental
capacity constitutes critical thinking [17]. Therefore,
one of the alternative thinking processes in this study
is very important to evaluate the critical thinking
process of prospective teachers in overcoming
difficulties in solving ill-structured problems. The
critical thinking process consists of four stages:
clarification, assessment, inference and strategy [18],
[19]. The measurement of prospective teachers’
capacity to think critically is conducted through the
four phases.

Furthermore, research on future mathematics
teacher candidates needs to have ill-structured
problem-solving skills, namely the problem of
incomplete form. The findings of the prospective
teachers work and interviews will be used for building
strategies, namely through a critical thinking process.
It will show that prospective mathematics teachers can
master the geometry courses studied in the last
semester because prospective mathematics teachers
take advantage of their learning experiences. This data
is stored in long-term memory to recall the experience
when faced with a challenge.

In addition to practical interest, it is possible to
clarify and refine preliminary studies and past research
in the context of critical thinking processes and steps
in solving ill-structured problems in this study. Il-
Structured problems require teacher candidates to
identify the information and skills needed to solve
problems [20], [21].

1.2.Contribution

Based on the description above, it appears that the
ability to solve ill-structured problems through a
critical thinking process is crucial for prospective
mathematics teachers and can be applied as a
mathematics learning strategy in the future.
Prospective mathematics teachers have various
backgrounds and different in problem-solving abilities
[22]. Therefore, prospective mathematics teachers
need to have critical thinking process skills in solving
ill-structured problems.

By knowing how the critical thinking process in
solving ill-structured problems is based on high
mathematical abilities, a prospective teacher will
contribute to developing the theory of problem-solving
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abilities in particular and cognitive psychology in
general. Therefore, the main objective of this study
was to describe the critical thinking process of
prospective mathematics teachers in solving ill-
structured problems based on high mathematical
abilities.

2. METHOD

Qualitative research methods were used to describe
the critical thinking process of prospective
mathematics teachers in solving ill-structured
problems. In this qualitative research, the subject was
the main instrument, and the data obtained were
presented in descriptive form [23].

2.1.Participants

This study involved thirty teacher candidates from
a mathematics education study program at a private
university in Makassar, Indonesia. They were assumed
to have completed basic geometry courses and had
adequate knowledge and expertise in solving general
geometry problems. To control the level of
mathematical ability of the research subjects, teacher
candidates with a temporary achievement index of
more than 3.50 were selected as prospective subjects
based on the results of the mathematical ability test,
and then one teacher candidate was selected as the
subject (with high mathematical ability). Subjects with
high mathematical ability criteria were predicted and
expected to indicate critical thinking when given ill-
structured problems.

2.2.Instrument

The instrument used to collect the data was a
geometric problem developed with its steps; the
subjects wrote their instrument and alternative
solution, then submitted the instrument to the validator
for the assessment and revision. The "ill-structured”
problem is shown in Figure 1 below.

Right triangle AABCatC. D €AB. so that AD :

BD = 1: 2. Prove that9CD? = a? + 4b?!

Figure 1 Ill-structured Problem

2.3.Data Analysis

The interactive model of Miles, Huberman, and
Saldana was used to analyze the data in this study [23].
Data analysis used an interactive model, it started with
the data collection process and continued at each stage
of the research until it was completed. Data reduction,
data presentation, and conclusion drawing/verification
were three qualitative data analysis processes. Finally,
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based on high mathematical ability, math teacher
candidates obtained an overview of the critical
thinking process in solving ill-structured problems.

3. FINDINGS AND DISCUSSION

This study aimed to describe the critical thinking
process of prospective mathematics teachers in solving
ill-structured problems. As a result, the following is
data analysis of prospective mathematics teachers with
high mathematics abilities based on the review of
answers and interviews. Furthermore, the findings of
the subject's answers in solving ill-structured problems  Figure 3 Subjects’ answers in solving ill-structured
are shown below for each phase of the critical thinking ~ problems phase browse
process, namely analyze, browse, create, decision-
making, and evaluate. Create Phase

AnalyzePhase

Figure 4 Subjects’ answers in solving ill-structured
problems phase create

Decision-Making Phase

Figure 2 Subjects’ answers in solving ill-structured
problems phase analyze

BrowsePhase

Figure 5 Subjects’ answers in solving ill-structured
problems phase decision-makin.
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Figure 6 Subjects’ answers in solving ill-structured
problems phase evaluate

As illustrated in Figure 7, the critical thinking process
of prospective teachers with high mathematics abilities
can be represented by the structure of critical thinking
in solving ill-structured problems.

Figure 7 Structure of the Critical Thinking Process of
Prospective Teachers in Solving ill-structured
Problems

Table 1. Information Structureof Critical Thinking

NViaglele] Description

| The common thread of the critical
thinking structure of prospective
teachers who are highly capable in

solving ill-structured problems.

> The relationship between aspects of

each critical thinking indicator.
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Then, the diagram in Figure 8 can be compared.
The researcher designed the problem-solving structure
based on critical thinking indicators and aspects of
each indicator, as presented below.

Figure 8 Structure of Problem Solving by
Researchers

Table 2. Information Structure Of Problem-Solving

Code Description

Al Reviewing the problem

A2 Understanding the problem

A3 Defining the problem

B1 Collecting information

B2 Identifying information relevant and needed

C1 Formulating solution

Cc2 Creating alternative solution or assumption

D Fixing problem

E1 Evaluating problem-solving

E2 Identifying idea

S Finish

The critical thinking process of a prospective
teacher with high mathematics abilitywent through
five phases or stages, namely A-B-C-D-E. The
Analyze stage consisted of three aspects, namely 1)
reviewing the problem, 2) understanding the
program/problem given, and 3) defining or re-
explaining the problem at hand. Then the Browse stage
consisted of two aspects, namely 1) identifying the
mathematical content needed to solve the given
problem, and 2) collecting information needed to solve
the problem. The Create stage consisted of two aspects,
namely 1) formulating a solution that could meet many
conditions, and 2) creating various solutions for the
given problem. The decision-making stage consisted of
one aspect, namely the justification of the most
appropriate solution to solve the given problem. The
Evaluate stage consisted of two aspects, namely 1)
evaluating, reflecting or thinking about the solution,
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and 2) identifying ideas, then modifying and
completing the solutions themselves.

This explanation found found that prospective
teachers with high mathematical abilities carried out
critical thinking processes in solving ill-structured
problems. However, prospective teachers were trapped
in the form of a given problem or some of the elements
that were vaguely defined in the problem. The ill-
structured problem given did not inform that Stewart's
theorem and the congruence of two triangles were
applied. However, prospective teachers could express
and write that Stewart's theorem was applied through a
line drawn arbitrarily from the vertices of the triangle
and intersects with the opposite side. This shows that
vaguely defined information caused the subject to be
confused about what action to take in solving the
problem [18], [24]-[27].

In the critical thinking process, prospective
teachers with high mathematics abilities had just
realized that they could also use the alternative
Stewart's theorem to solve the given problem. It can
also be solved by comparing two triangles after
looking back at the problem-solving steps and finding
the relationship between the two triangles. These
findings supported the results of previous research
suggesting that the thinking process in ill-structured
problem solving requires a different set of skills and
attitudes, rather than well-structured problems that
have clear goals and known rules to apply in solving
the problem [26], [28]-[30].

4. CONCLUSION

The features of ill-structured problems were helpful
for prospective mathematics teachers in building
assumptions of problem solving or various.Prospective
mathematics teachers solved ill-structured problems in
various ways and these experiences had a positive
effect on the development of critical thinking and
creativity. In conclusion, the thinking process of
prospective mathematics teachers in solving ill-
structured problems was through the Analyze, Browse,
Create, Decision Making, and Evaluate stages; 1)
Analyze, subjects could understand the problem by
identifying the information needed and defining the
problem given, 2) Browse, subjects had the ability to
mention or write by grouping relevant information to
solve the given problem, 3) Create, Subjects were able
to formulate and create alternative problem-solving in
written form accompanied by explanation reasons 4)
Decision-making, The subjects were able to justify
solving the problem by connecting the information
obtained to find a common thread of a problem so that
the end could be described from a tangled condition, 5)
Evaluate, the subjects were able to evaluate the steps
to solving the problem and obtain the results or
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answers in accordance with what they wanted to
achieve. These findings suggest that Ill-Structured
problems can be used to help detect the thought process
features of teacher candidatesin mathematics education
and for future research.

AUTHORS’ CONTRIBUTIONS

Conceptualization, A.K., S.A., and A.; data
collection, A.K.; data analysis, A.K., S.A., and A,
methodology, A.K., S.A., and A.; writing, review and
editing, A.K., S.A,, and A.

ACKNOWLEDGMENTS

The author would like to thank LPDP/BUDI-DN as
an institution that contributed to fully support the costs
of this research and the author's study at the
Postgraduate Program of Universitas Negeri Surabaya
in  Mathematics Education Postgraduate Study
Program.

REFERENCES

[1] NCTM, “Priciples and Standards for School
Mathematics,” Reston, VA: NCTM, 2000.

[2] M. Hasbhi, A. Lukito, and R. Sulaiman,
“Mathematical Connection Middle-School
Students 8 th in Realistic Mathematics
Education,” in Journal of Physics: Conference
Series, Dec. 2019, vol. 1417, no. 1, p. 012047,
doi: 10.1088/1742-6596/1417/1/012047.

[3] M. Hasbi, A. Lukito, and R. Sulaiman, “The
Realistic Mathematics Learning Approach
Improving the Ability of the Mathematical
Connection of Junior High School Students at
Al-Islamiyah Putat- Tanggulangin Sidoarjo,”
Int. J. Innov. Creat. Chang., vol. 5, no. 3, pp.
685-707, 2019, [Online].  Available:
https://www.ijicc.net/.

[4] E. A. Silver, H. Ghousseini, D. Gosen, C.
Charalambous, and B. T. F. Strawhun,
“Moving from rhetoric to praxis: Issues faced
by teachers in having students consider
multiple solutions for problems in the
mathematics classroom,” J. Math. Behav., vol.
24, no. 3-4, pp. 287-301, Jan. 2005, doi:
10.1016/j.jmathb.2005.09.009.

[5] G. Halasz and A. Michel, “Key Competences
in Europe: interpretation, policy formulation
and implementation,” Eur. J. Educ., vol. 46,
no. 3, pp. 289-306, Sep. 2011, doi:
10.1111/j.1465-3435.2011.01491.x.

[6] E. Instefjord and E. Munthe, “Preparing pre-
service teachers to integrate technology: an
analysis of the emphasis on digital competence
in teacher education curricula,” Eur. J. Teach.

56



ATLANTIS
PRESS

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

Advancesin Social Science, Education and Humanities Research, volume 627

Educ., vol. 39, no. 1, pp. 77-93, Jan. 2016, doi:
10.1080/02619768.2015.1100602.

M. Déhrmann, G. Kaiser, and S. Blomeke,
“The conceptualisation of mathematics
competencies in the international teacher
education study TEDS-M,” ZDM, vol. 44, no.
3, pp- 325-340, Jul. 2012, doi:
10.1007/s11858-012-0432-z.

S. S. Dewanti, B. Kartowagiran, J. Jailani, and
H. Retnawati, “Lecturers’ Experience In
Assessing 21st-Century Mathematics
Competency In Indonesia,” Probl. Educ. 21st
Century, vol. 78, no. 4, pp. 500-515, Aug.
2020, doi: 10.33225/pec/20.78.500.

A. Istenic Star¢i¢, M. Cotic, I. Solomonides,
and M. Volk, “Engaging preservice primary
and preprimary school teachers in digital
storytelling for the teaching and learning of
mathematics,” Br. J. Educ. Technol., vol. 47,
no. 1, pp. 29-50, Jan. 2016, doi:
10.1111/bjet.12253.

K. Stacey, “The place of problem solving in
contemporary mathematics curriculum
documents,” J. Math. Behav., vol. 24, no. 3-4,
pp. 341-350, Jan. 2005, doi:
10.1016/j.jmathb.2005.09.004.

S. Rahayuningsih, M. Hasbi, M. Mulyati, and
M. Nurhusain, “The Effect of Self-Regulated
Learning on Students’ Problem-Solving
Abilities,” AKSIOMA J. Progr. Stud. Pendidik.
Mat., vol. 10, no. 2, pp. 927-939, 2021, doi:
10.24127/ajpm.v10i2.3538.

J. Carrillo and J. Cruz, “Posing and Solving
Mathematical Problems,” Posing Solving
Math. Probl., pp. 23-36, 2016, doi:
10.1007/978-3-319-28023-3.

J. P. Mairing, “Thinking Process of Naive
Problem Solvers to Solve Mathematical
Problems,” Int. Educ. Stud., vol. 10, no. 1, p.
1, Dec. 2016, doi: 10.5539/ies.v10n1p1l.

M. Kloppers and M. Grosser, “The Critical
Thinking  Dispositions  of  Prospective
Mathematics Teachers at a South African
University: New Directions for Teacher
Training,” Int. J. Educ. Sci., vol. 7, no. 3, pp.
413-427, Nov. 2014, doi:
10.1080/09751122.2014.11890203.

S. C. Yang and T.-Y. Chung, “Experimental
study of teaching critical thinking in civic
education in Taiwanese junior high school,”
Br. J. Educ. Psychol., vol. 79, no. 1, pp. 29-55,
Mar. 2009, doi: 10.1348/000709907X238771.

A. R. As’ari, A. Mahmudi, and E. Nuerlaelah,
“Our Prospective Mathematic Teachers Are
Not Critical Thinkers Yet,” J. Math. Educ.,

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

vol. 8, no. 2, pp. 145-156, Feb. 2017, doi:
10.22342/jme.8.2.3961.145-156.

E. Krupat, J. M. Sprague, D. Wolpaw, P.
Haidet, D. Hatem, and B. O’Brien, “Thinking
critically about critical thinking: ability,
disposition or both?,” Med. Educ., vol. 45, no.
6, pp. 625635 Jun. 2011, doi:
10.1111/j.1365-2923.2010.03910.x.

S. M. Jacob and H. K. Sam, “Effect of online
discussion forums to improve mathematics
problem solving and critical thinking -A
comparative study,” in 2008 International
Conference on Innovations in Information
Technology, Dec. 2008, no. January 2009, pp.
366-370, doi:
10.1109/INNOVATIONS.2008.4781746.

S. M. Jacob and H. K. Sam, “Perspectives on
Critical Thinking through Online Discussion
Forums in Engineering Mathematics,” in
Technological Developments in Networking,
Education and Automation, K. Elleithy, T.
Sobh, M. Iskander, V. Kapila, M. A. Karim,
and A. Mahmood, Eds. Dordrecht: Springer
Netherlands, 2010, pp. 121-126.

J. Y. Hong and M. K. Kim, “Mathematical
Abstraction in the Solving of Ill-Structured
Problems by Elementary School Students in
Korea,” EURASIA J. Math. Sci. Technol.
Educ., vol. 12, no. 2, pp. 267-281, Jul. 2016,
doi: 10.12973/eurasia.2016.1204a.

M. K. Kim and M. K. Cho, “Pre-Service
Elementary Teachers’ Motivation and IlI-
Structured Problem Solving in Korea,”
EURASIA J. Math. Sci. Technol. Educ., vol.
12, no. 6, pp. 1569-1587, Jul. 2016, doi:
10.12973/eurasia.2016.1246a.

N. M. Aljaberi and E. Gheith, “Pre-Service
Class  Teacher’ Ability in  Solving
Mathematical Problems and Skills in Solving
Daily Problems,” High. Educ. Stud., vol. 6, no.
3, p. 32, Jul. 2016, doi: 10.5539/hes.v6n3p32.
M. B. Miles, A. M. Huberman, and J. Saldafia,
“Qualitative data analysis: A methods
sourcebook,” Sage publications, 2018.

X. Ge and S. M. Land, “Scaffolding students’
problem-solving processes in an ill-structured
task using question prompts and peer
interactions,” Educ. Technol. Res. Dev., vol.
51, no. 1, pp. 21-38, Mar. 2003, doi:
10.1007/BF02504515.

I. Choi and K. Lee, “Designing and
implementing a  case-based  learning
environment for enhancing ill-structured

problem solving: classroom management

problems for prospective teachers,” Educ.
Technol. Res. Dev., vol. 57, no. 1, pp. 99-129,

57



ATLANTIS
PRESS

[26]

[27]

[28]

[29]

[30]

Advancesin Social Science, Education and Humanities Research, volume 627

Feb. 2009, doi: 10.1007/s11423-008-9089-2.

D. H. Jonassen, “Instructional design models
for well-structured and Il1-structured problem-
solving learning outcomes,” Educ. Technol.
Res. Dev., vol. 45, no. 1, pp. 65-94, Mar. 1997,
doi: 10.1007/BF02299613.

C. O. Anhalt and R. Cortez, “Developing
understanding of mathematical modeling in
secondary teacher preparation,” J. Math.
Teach. Educ., vol. 19, no. 6, pp. 523-545, Dec.
2016, doi: 10.1007/s10857-015-9309-8.

S. K. Reed, “The Structure of Ill-Structured
(and Well-Structured) Problems Revisited,”
Educ. Psychol. Rev., vol. 28, no. 4, pp. 691—
716, Dec. 2016, doi: 10.1007/s10648-015-
9343-1.

G. Schraw, M. E. Dunkle, and L. D. Bendixen,
“Cognitive processes in well-defined and ill-
defined problem solving,” Appl. Cogn.
Psychol., vol. 9, no. 6, pp. 523-538, Dec. 1995,
doi: 10.1002/acp.2350090605.

L. L. Prayitno, P. Purwanto, S. Subanji, S.
Susiswo, and A. R. As’ari, “Exploring
Student’s Representation Process in Solving
I1l-Structured Problems Geometry,” Particip.
Educ. Res., vol. 7, no. 2, pp. 183-202, Aug.
2020, doi: 10.17275/per.20.28.7.2.

[31]

[32]

[33]

[34]

S. J. Ellspermann, G. W. Evans, and M.
Basadur, “The impact of training on the
formulation of ill-structured problems,”
Omega, vol. 35, no. 2, pp. 221-236, Apr. 2007,
doi: 10.1016/j.0mega.2005.05.005.

I. Santia, P. Purwanto, A. Sutawidjadja, S.
Sudirman, and S. Subanji, “Exploring
Mathematical Representations in Solving IlI-
Structured Problems: The Case of Quadratic
Function,” J. Math. Educ., vol. 10, no. 3, pp.
365-378, Aug. 2019, doi:
10.22342/jme.10.3.7600.365-378.

A. Abdillah, A. G. Mastuti, and M. A.
Rahman, “I11-Structured Mathematical
Problems to Develop Creative Thinking
Students,” in Proceedings of the International
Conference on Mathematics and Islam, 2018,
no. January, pp. 28-33, doi:
10.5220/0008516700280033.

M. K. Cho and M. K. Kim, “Investigating
Elementary Students’ Problem Solving and
Teacher Scaffolding in Solving an 1llI-
Structured Problem,” Int. J. Educ. Math. Sci.
Technol., vol. 8, no. 4, p. 274, Sep. 2020, doi:
10.46328/ijemst.v8i4.1148.

58



