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PREFACE

The fifth International Conference on Research, Implementation, and Education of
Mathematics and Science (ICRIEMS) is an annual conference organized by the Faculty of
Mathematics and Natural Science, Yogyakarta State University, Yogyakarta, Indonesia and
successfully held from 7 to 8 May, 2018. The theme of the 5" ICRIEMS is revitalizing research
and education on mathematics and science for innovations and social development. The
conference was a forum for researchers, educators, students, policy makers, and practitioners
to achieve the innovation and social development through research and education on
mathematics and science, as it is accentuated by the theme of this conference. The scope of this
conference covers the area of mathematics, chemistry, physics, biology, mathematics
education, chemistry education, physics education, and science education. This proceeding
contains 157 that have been carefully peer reviewed and selected from 575 papers submitted
to the conference.

We would like to express our gratitude to the reviewers of these manuscripts, who
provided constructive criticism and stimulated comments and suggestions to the authors. We
are extremely grateful as organizers, technical program committee and editors and extend our
most sincere thanks to all the participants of the conference for their fruitful work and their
excellent contribution to the development of this conference proceedings. Our sincere gratitude
also goes to the 10P Publishing editors and managers for their helpful cooperation during the

preparation of the proceedings.

On behalf of the Organizing Committee of the 5" ICRIEMS
Agung Wijaya Subiantoro, Ed.D.



ICRIEMS 5 IOP Publishing
IOP Conf. Series: Journal of Physics: Conf. Series 1097 (2018) 011001  doi:10.1088/1742-6596/1097/1/011001

List of Committees

International Advisory Committee
1. Prof. Dr. Wim T van Horssen (Applied Mathematics, TU Delft, Netherland)

2. Prof. (Assoc.) Dr. Nor'ashigin Mohd Idrus (Mathematics Education, Universiti Pendidikan
Sultan Idris, Malaysia)

3. Dr. Emeterio Franco Perez (Mathematics Education, University of Colima, Mexico)

4. Osval Antonio Montesinos Lopez, Ph.D (Biostatistics, University of Colima, Mexico)

5. Dr. Herni Utami, M.Si. (Statistics, Universitas Gadjah Mada, Indonesia)

6. Dr. Hasih Pratiwi (Statistics, Universitas Sebelas Maret, Indonesia)

7. Dr.Eng. Liem Peng Hong (Physics, Nippon Advanced Information Service Co., Inc (NAIS
Co., Inc) Japan, Visiting Professor at Tokyo City University, Japan)

8. Allen Price, Ph.D (Physics Education, Emmanuel College Boston, USA)

9. Prof. Dr. Mudasir, M.Eng. (Chemistry, Universitas Gadjah Mada, Indonesia)

10. Hasan Daupor, Ph.D (Chemistry, Yala Rajabhat University, Thailand)

11. Dr. Muhd Ibrahim (Chemistry Education, Universiti Pendidikan Sultan Idris, Malaysia)
12. Prof. Saberi Bin Othman (Biology, Universiti Pendidikan Sultan Idris, Malaysia)

13. Ana Otero, Ph.D (Biology/Biology Education, Emmanuel College, Boston, USA)

14. Prof. Dr. Yoshisuke Kumano (Science Education, Shizuoka University, Japan)

Organizing Committee
. Dr. Hartono

. Dr. rer.nat Senam

. Dr. Slamet Suyanto

. Agung Wijaya Subiantoro, Ed.D.
. Kismiantini, Ph.D.

. Nur Aeni Ariyanti, Ph.D

. Dr. Sri Andayani

. Dr. Rida Siti Nur’aini Mahmudah
. Dr. Ixora Sartika Mercuriani

10. Dr. Antuni Wiyarsi

11. Dr. Karyati

12. Wahyu Setyaningrum, Ph.D

13. Dr. Pujianto

14. Dr. Supardi

15. Ilham Rizkianto, M. Sc.

O 0O ~NOoO ol W NP



1oPscience Journals = Books  Publishing Support  Login = Search |OPscience content

Journal of Physics: Conference Series

Table of contents

Volume 1097
2018

4 Previous issue Mext issue »

The 5th International Conference on Research, Implementation, & Education of Mathematics and Sciences
7-8 May 2018, Yogyakarta, Indonesia

Accepted papers received: 03 September 2018
Published online: 12 October 2018

Wiew all abstracts

Preface

OPEN ACCESS 011001
The 5th International Conference on Research, Implementation, & Education of Mathematics and Sciences

+ View abstract | View article * pDF

OPEN ACCESS 011002

Peer review statement
+ View abstract = View article = pDF



OPEN ACCESS
The influence of metacognition in mathematical problem solving
L R lzzati and A Mahmudi

+ View abstract T Wiew article 5- PDF

QOPEN ACCESS

PISA like Mathematics Problems: a case of soccer context
A Efriani, R | | Putri and Hapizah

+ View abstract = View article 3- PDF

OPEN ACCESS
Hypaothetical Learning Trajectory: & Case of Statistical Thinking
M A Rahayu and A Wijaya

+ View abstract | View article = pOF

OPEN ACCESS

Characteristics of Algebraic Thinking of Junior High School Students
D 1 Rahmawati

+ View abstract = Wiew article % pOF

QOPEN ACCESS

Implementation of Problem-Based Learning in terms of Student Mathematical Creative Thinking

Ardeniyansah and R Rosnawati

+ View abstract = Wiew article % pOF

o207

ma2108

m2109

2110

M2



Journal of Physics: Conference Series

PAPER « OPEN ACCESS

The influence of metacognition in mathematical problem solving

To cite this article: L R Izzati and A Mahmudi 2018 J. Phys.: Conf. Ser. 1097 012107

View the article online for updates and enhancements.

Bringing you innovative digital publishing with leading voices

to create your essential collection of books in STEM research.

This content was downloaded from IP address 121.58.186.17 on 05/12/2018 at 13:57


https://doi.org/10.1088/1742-6596/1097/1/012107
https://oasc-eu1.247realmedia.com/5c/iopscience.iop.org/69726864/Middle/IOPP/IOPs-Mid-JPCS-pdf/IOPs-Mid-JPCS-pdf.jpg/1?

ICRIEMS 5 IOP Publishing
TIOP Conf. Series: Journal of Physics: Conf. Series 1097 (2018) 012107  doi:10.1088/1742-6596/1097/1/012107

The influence of metacognition in mathematical problem
solving

L R lzzati' and A Mahmudi?

'Graduate School of Mathematics Education Program, Yogyakarta State University
2 Department of Mathematics Education, Yogyakarta State University

riharuraudina@gmail.com

Abstract. This paper is a review of ten papers about the relation of metacognition and
mathematical problem solving. So, the aims of this paper is to analyze the influence of
metacognition in mathematical problem solving at low, average, and high students’
performance. Metacognition is an important factor of mathematical problem solving.
Metacognition is the ability to monitor and control our own thoughts, how we approach the
problem, how we choose the strategies to find a solution, or ask ourselves about the problem,
in the other word, it can be defined as think about thinking. Solving mathematics problems
requires analysis of the given problem, planning the strategy to be used to solve the problem,
undertaking the planned strategy and checking whether the steps that have been done are
correct. Therefore, metacognition is necessary for the successful solving of mathematical
problems. This paper analyzes that the higher metacognition that students have, the better
mathematical problem solving that students can do.

1. Introduction

Mathematics has an important role in various sciences and necessary to master mathematics since
early stage because it underlies the development of modern technology and can advance the human
mind. Therefore, the subjects of mathematics are subjects given at every level of education ranging
from basic education to higher education. One of the goals of mathematical education was
mathematical problems solving [1]. Problem solving skill is the most important cognitive activity and
part of mathematics. [2,3,4]. In addition, problem solving skill is a cognitive process in finding
solutions to a given problem [5.6]. Therefore, students need to improve their skills in solving
problems. According to mathematicians, the problem of mathematics is a list of questions to be
answered [7]. However, not all problems will be a problem. Even the problems we face today are not
necessarily a problem either later or tomorrow. As said by [8] that something that becomes a problem
is no longer a problem if we have found a solution. Problems are defined as a situation where the goals
to be achieved and the steps to achieve those goals do not look as straightforward. This statement is in
line with the opinion of [9] who said that the characteristics of the mathematical question (matter) that
is said to be a problem is if the problem can not be solved directly. Problem solving is not enough just
to mimic how to solve problems that students have known. Students should undertake additional
efforts, such as modifying the problem in a familiar way of solving it, solving the problem into several
known problems or, re-formulating the non-routine problem into a known (familiar) problem. In
essence, mathematics is problem solving [10]. Problem solving is seen as a process to find ways that
can be done to overcome problems that have never been faced. [11]. Understanding mathematics
should be taught through problem solving [10]. Reference [10] also said that the curriculum wants

Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
BY of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOI.
Published under licence by IOP Publishing Ltd 1


mailto:riharuraudina@gmail.com
http://creativecommons.org/licenses/by/3.0

ICRIEMS 5 IOP Publishing
TIOP Conf. Series: Journal of Physics: Conf. Series 1097 (2018) 012107  doi:10.1088/1742-6596/1097/1/012107

tasks or activities based on the problem is a means to be developed in learning so that learning is the
result of problem solving process. Problem solving skill is a key component of the curriculum and is
also a basic skill (basic skill) mathematics [12].

The success of students in solving mathematics problems is not only supported by cognitive ability,
but the students' self-control in solving mathematics problems process also has an effect [13]. The
ability of students in self-control both emotionally and knowledge determine the success of students in
the process of problem solving [14]. Monitor self-thinking and self-control on knowledge especially in
problem solving with regard to metacognition meaning [15]. References [16] explain that
metacognition emphasizes the importance of controlling cognitive mind during problem solving, so
metacognition can help students understand concepts. References [17] states that in any cognitive
transactions with human or non-human environments, various information processing activities will
continue. Metacognition refers to active monitoring and regulation of cognitive processes to achieve a
goal. In other words, metacognition is defined as thinking about thinking or cognition about cognition
[18]. References [19] suggests that metacognition has two components, namely knowledge
metacognition and metacognition skills. Knowledge of metacognition refers to knowledge of cognition
such as knowledge of skills and a good work strategy for learning and is able to use skills and work
strategies appropriately to achieve learning objectives [20]. Knowledge of metacognition has three
aspects, namely 1) strategic knowledge, (2) knowledge of cognitive tasks, and 3) self-knowledge [21].
Reference [20] states that two components of metacognition are metacognition knowledge and
metacognition regulation, each has sub-components as follows: 1) metacognition knowledge includes:
a) declarative knowledge: knowing one's own abilities, strategies, skills and learning resources needed
to achieve goals, b) procedural knowledge: knowing how to use prior knowledge in declarative
knowledge, c) conditional knowledge: where a procedure, skill or strategy is used and where such
things are not used, why a procedure proceeds and under what conditions it takes, and why a
procedure is better than any other procedure, 2) metacognition regulation includes: a) planning: the
ability to plan learning activities, b) information management strategy: the ability to organize
information related to the learning process undertaken, c) comprehension monitoring: the ability to
monitor the learning process and matters related to the process, d) debugging strategies: the ability of
debugging strategies is a strategy used to correct wrong actions in learning, and e) evaluation: the
ability to evaluate the effectiveness of its learning strategy, whether it will change its strategy,
succumb to the situation, or end the activity.

2. Experimental Method

A search procedure was executed to find empirical studies of the influence of metacognition in
mathematical problem solving. The search was performed with the keyword mathematics added with
the specific keywords referring to the sub-domains in this study (metacognition and mathematical
problem solving). In addition to mathematics, we used the following keywords in the abstract to define
this search: mathematical problem solving, metacognition/metacognitive. Additionally, articles were
added using the snowball procedure (using references in articles which had already been found).
Studies were judged based on strict selection criteria. Studies were included in analysis when they
required the following criteria: 1) the article is published in a scientific, 2) the study is executed in
formal education, 3) the study explicitly aims to analyze the influence of metacognition in
mathematical problem solving at low, average, and high students’ performance, 4) the number of
students in the study is appropriate for the analyses in the study. After the first selection, many studies
were ruled out because they did not fit the criteria mentioned above. For instance: they were not about
metacognition or mathematical problem solving or they were not executed in educational settings.
After close reading, 10 studies were admitted for the analysis.

3. Result and Discussion

Some studies said that metacognitive give the influences to mathematical problems solving. The ten
research results will be analyzed in this paper. Reference [22] illustrates the thinking skills, patterns of
thinking skills, and the metacognitive function of learners in problem solving. Eighteen junior students
take a Bachelor's degree in Secondary Education in Mathematics University of Bicol College is the
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subject of research and is classified into two groups of abilities. When students are asked to reflect on
their thinking as they think about the problem, their metacognitive activity is recorded and categorized
into three metacognitive types namely metacognitive awareness (MA), metacognitive evaluation (ME)
and metacognitive regulation (MR). There are six patterns of metacognitive action shown by the
students. These are MA-ME, MA-ME-MR, MA-MR, MA-MR-ME, MR-MA-ME, ME-MR. All these
metacognitive actions are employed by students in solving problems. Among the patterns, the most
commonly practiced pattern is MA-ME exhibited 46 times, followed by MA-ME-MR occurring 14
times. Prior to the MA-operated thinking skills precede to assist the MA. In the same way cognitive
activity occurs before or after ME or MR occurs. This supports the claim that metacognition and
thinking ability can not be separated. One can never explain what is in his mind without referring to
any thinking skill. Troubleshooting becomes an easy task if learners can know the content knowledge
relative to the problem, which is being aware of the learning situation. But before solving the problem,
they must use their thinking skills. Dealing with problems requires awareness of the learners. Such
awareness involves what the problem is. Learners should involve their own knowledge of the tasks
and interactions of their thinking skills. Reflection, or thinking about the thinking that takes place
should continue to be used. That students should organize or monitor their own thoughts through the
help of thinking skills may seem repetitive, but should be like that. The ultimate view of the model is
to generate a learner's thinking capable of directing his thoughts and actions so as to be able to learn
independently.

References [23] are carried out to identify and determine the impact of students' metacognitive
skills on solving non-routine mathematical problems. The subject of this study was 304 students in
Johor Bahru. The results show that students' ability to solve non-routine math problems is still very
low. There are also significant differences in metacognitive skills in solving non-routine math
problems between students in various categories. Students in the very high category provide excellent
solutions and high metacognitive skills. The results of the statistical test analysis showed that there
were significant differences between students in the very high and medium categories, very high and
low categories, very high and very low categories, high and medium categories, high and low
categories, categories. high and very low categories, medium and low categories and medium and very
low categories. However, there were no significant differences between students in the very high and
high categories and between students in the low and very low categories. It was found that problem
solving abilities were directly proportional to metacognitive skills. This means that metacognitive
skills affect their abilities. It means that if a students' metacognitive is high then students' problem
solving abilities are also high.

References [24] have the aim of knowing the effect of using metacognitive strategies in
mathematical problem solving abilities. Subjects in this study were 47 fifth grade students. The results
showed that students in classes who used metacognitive strategies increased significantly both in math
problem solving skills. The results showed that there were significant differences in mathematical
problem solving abilities between students in the class using metacognition strategies and students in
the control class. It can be concluded that metacognitive strategies can improve problem solving skills.
Thus, metacognition can be used as a useful tool for developing problem solving abilities which is one
of the objectives of the curriculum and plays an important role in students' academic development.
Thus it is suggested that, all learning activities must include activities regarding metacognitive skills.
This study supports that in the teaching of mathematical strategies in mathematics subjects improve
the achievement of problem solving. This means that metacognitive strategies can improve
mathematical problem solving abilities. So, metacognitive has a positive influence in solving
mathematical problems.

Reference [16] aims to investigate the emergence of metacognition during solving mathematical
problems. Subjects in this study were fifth grade students (ten years) of 20 students (10 men and 10
women). In open problems there are metacognitive activities that are often used, Meta of Procedural
Knowledge. In addition, at the object level, student verbal reports are dominant in the Debugging
strategy and Information Management Strategy. In authentic problems there are metacognitive
activities that are often used, namely the Object Level in the Information Management Strategy. In
complex problems there are metacognitive activities that are often used, namely the Meta-level of
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Procedural Knowledge. At the object level, we cannot mention large differences in the appearance of
metacognitive functions because their performance is very low. In general, fewer Object-level
strategies appear than Meta-levels. It can be said that the Information Management Strategy,
Understanding Understanding and Evaluation are more often used in authentic problems, Debugging
Strategies are more often used in open problems, Planning strategies are almost the same for three
types of mathematical problems, Strategies used by Procedural Knowledge are more often used in
complex problems, The strategy used by Declarative Knowledge is almost the same for all three types
of mathematical problems.

References [25] examine the relationship between metacognition and mathematical problem
solving. The main component analysis on metacognition revealed that three metacognitive
components, global metacognition, off-line metacognition, and effort attributions explained 66% to
67% of all major components in metacognition. The findings of this study support the use of off-line
metacognition assessment (prediction and evaluation) to distinguish between students who have
below-average mathematical problem-solving abilities, students who have the same mathematical
problem-solving abilities, and students who have the ability solving math problems above average. So
it can be said that metacognition influences students' mathematical problem-solving abilities.

Reference [26] is to see the role of metacognitive skills in solving mathematical problems. Another
aim is to see the role of metacognition on routine and non-routine problems. Subjects in this study
were a group of thirty-four students enrolled in discrete mathematics. In this study two problems were
presented. Both problems were successfully solved by eleven students, fourteen students were only
correct in solving one problem, nine students failed to solve both problems. There were significant
differences between group 1 and group 2, group 2 and group 3 and group 3 and group 1 in solving the
first problem. This means that the metacognitive activities of groups of students who can solve the
first problem are higher than the group that fails to solve the first problem. There was a significant
difference between group 1 and group 2, group 1 and group 3 in the second problem. This means that
the metacognitive activity of the group of students who can solve the second problem is higher than
the group that fails to solve the second problem. Therefore, high metacognitive activity causes
students' mathematical problem-solving abilities are also high. Although the role of metacognition on
routine and non-routine problems has conflicting results, metacognitive skills will be active in non-
routine problems and can help in solving them. This means that if students 'metacognitive is high,
students' problem solving abilities are also high.

Reference [27] is to describe three components of metacognition, specifically knowledge,
experience and skills, and see differences between students with learning disabilities (LD), low-
achieving students (LA) and students with average achievement (AA) in solving mathematical
problems (MWPS), as well as the relationship between these components and their influence on
academic performance. The more metacognitive knowledge students possess, the more likely they will
experience success. The more efficacious students’ feel about their abilities to solve problems, the
more likely they are to solve them correctly. Results of these analyses indicated that metacognitive
knowledge (MK) was a significant predictor of MWPS performance for AA students. Examination of
slope differences show that for AA students, the more metacognitive knowledge students possess, the
more likely they will experience MWPS success. The slope difference between students with LD and
AA students approached significance. This suggests that the relationship between MK and MWPS
performance is different for students with LD. These students were lower in MK than AA students.
Since the differencewas not significant this may indicate that students with LD are able to report the
declarative knowledge, but are unable to apply the procedural or conditional knowledge that allows
them to effectively solve math word problems. Students with LD also had significantly lower
metacognitive experience (ME) than AA students. For AA students there was positive but not
significant relation between ME and MWPS performance. That is, the more efficacious students’ feel
about their abilities to solve problems, the more likely they are to solve them correctly. Interestingly,
the relationship is the opposite for students with LD, that is, the more confident they are, the less likely
they are to solve the problem correctly. This could be an indication of “illusions of understanding”
whereby students with LD are overconfident in their abilities and therefore do not apply the
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appropriate strategies or allocate enough resources to solve the problem correctly. It means that if a
students' metacognitive is high then students' problem solving abilities are also high.

References [28] say that students are asked to tell about their metacognitive; use of metacognitive
strategies in solving problems, problem solving processes and understanding of problems; and
attitudes towards learning. Some of the findings that emerged were: (a) Normal flow students showed
less metacognitive use compared to students from Express and special streams. (B) metacognitive
strategies used by normal flow students tend to enter the "surface” type. (C) There is no significant
difference between students from academic tracks that differ in the frequency of use of metacognitive
strategies. (D) During the problem-solving process, students more often evaluate answers rather than
monitor their understanding. (e) Students from various levels (Secondary 2, Secondary 4 and Pre-
University) show that the use of metacognitive strategies in problem solving is the same. This means
that if students 'metacognitive is high, students' problem solving abilities are also high.

References [29] assess metacognitive strategies on Algebraic problems to improve problem solving
skills among students. Three groups of students have taken this course. Two groups of 86 students
were randomly selected (two of three groups). The students involved were mathematics majors and
mathematics education majors. The results show that there is a significant positive relationship
between overall metacognitive strategies and mathematics achievement (ALGMA). However, the
relationship between ALGMA and the three metacognition subscales (knowledge, planning and
evaluation) is low, but still significant. And for algebraic problems, there is a significant positive
relationship between overall metacognitive strategies and Algebra problem solving abilities (ALGPS).
In addition, the correlation between ALGPS and the meta-cognition subscale (knowledge, planning,
and evaluation) is weak, but significant. This means that if students 'metacognitive is high, students'
problem solving abilities are also high.

Reference [30] is to examine the effects of both cognitive and metacognitive strategies on
mathematical achievement and also to determine prediction models based on students' mathematical
performance, algebra problem solving performance, meta-cognitive strategies, and cognitive
strategies. The sample of this study is the first year students who take Algebra courses at one of the
Malaysian state universities. Two groups of 86 students were randomly selected. The field of student
study in this study is mathematics and mathematics education. The results show that there is a
significant positive relationship between overall metacognitive strategies and mathematics
achievement (ALGMA). However, the relationship between ALGMA and the three metacognition
subscales (knowledge, planning and evaluation) is low, but still significant. In addition, the correlation
between ALGPS and the meta-cognition subscale (knowledge, planning, and evaluation) is weak, but
significant. This means that if students 'metacognitive is high, students' problem solving abilities are
also high.

4. Coclusion

This can be seen from several studies which say that metacognitive strategies can improve problem
solving skills, so students are accustomed to learning by using their metacognition. Some studies also
say that students who have high metacognition also have high problem-solving abilities. This results in
students who have or use their metacognitive optimally will have good problem solving abilities. The
conclusion of this research is metacognition has positive influence to mathematical problem solving.
The higher metacognition that students have, the better mathematical problem solving that students
can do.
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