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This study aims to develop student metacognition strategies based on behavioural
learning in improving the mathematical abilities of students of mathematics
education. There are two components developed in this study, namely: (1)
Development of strategies to foster student metacognition based on behavioural
learning, and (2) Development of learning tools consisting of: (a) test and search
interview guidance levels or levels of student metacognition, and ( b) test students'
mathematical abilities. The stages of developing this learning model refer to the
four stages of developing a model known as the 4-D model, namely define, design,
develop, and disseminate. Based on the process of developing the model, the
following behavioural-based metacognition models/strategies were established. (1)
Selection of learning approaches using a cooperative approach of Think Pair Share
(TPS) type. (2) Studying lecture material by discussing with their partners. (3)
Presenting lecture material by group members appointed in turn in front of the
class. (4) Member response another group of material offerings from the presenter
group. and (5) Giving a summary or affirmation of the material as well as positive
reinforcement and negative reinforcement.
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INTRODUCTION

In the beginning, learning practices in the Mathematics Education Department tended to
be done conventionally through oral communication techniques. Such conventional
learning practices tend to emphasize how lecturers teach (teacher-centered) rather than
how students learn (student-centered), and overall the results do not contribute much to
improving the quality of student learning processes and outcomes.

Starting in the 2012/2013 academic year, learning practices in learning elementary
mathematics (Number Theory) were changed by the group approach. Students are
grouped into groups and given an assignment by the lecturer to summarize one of the
basic mathematical material topics specified in the paper, and present it to the class.
Other groups respond and provide input or ask questions about the material presented by
the presenter group. The implementation of this assessment runs until the 2013/2014
academic year. However, this model does not all active group members participate. The
activeness in a group is dominated by high-ability students, while students with weak
abilities have never been involved in the preparation of papers or when presenting
papers in front of the class. If viewed from student learning outcomes through this
approach as follows: 2012/2013 academic year ranged from 47.05% (out of 34 students)
obtained a score of 60 and above, and the academic year 2013/2014 ranged from
35.13% (out of 37 students) obtained grades 60 and above (La Misu, 2014).

In the 2014/2015 academic year, the approach to the elementary mathematics learning
process was developed again with an approach that seeks each student to participate
actively, namely applying behavioural theory by modifying the NHT type cooperative
learning model. This approach is named the Behavioural Learning Model. In general the
application of this model, students are grouped into seven groups and each group
consists of 8 people, and each of them is given a different number from number 1 to
number 8. Each group is given a task by the lecturer to summarize one of the topics of
the Number Theory specified in a paper. Each group member is entrusted with
presenting a specific topic, and the other group members with the same number are
given the task of responding to the offerings from the group of presenters. Thus, the
behaviour theory above will provide character education to students so they can prepare
material in a paper to be presented in front of the class, can respond to other people's
opinions, and there will be discussions between students both in groups and between
groups. So that overall the student can actively take part in the lecture. The strength of
this behavioural learning theory is to provide satisfactory treatment to students so that it
can influence their thoughts and behaviour. This is consistent with Edward Thorndike
suggesting that: "set the law of effect which means that any behavior that is followed by
pleasant consequences is likely to be repeated, and any behavior followed by unpleasant
consequences is likely to be avoided” (Gray, 2011). Then, B.F. Skinner is known by the
theory of Law of operant conditioning that if the emergence of behaviour is
accompanied by a stimulus, then the strength of the behaviour will increase (Slavin,
2011). According to Thorndike learning is the formation of associations between events
called stimulus and response. That is, the existence of activities and there are various
responses to various situations is elimination of various responses that are wrong, as
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well as the progress of reactions to achieve the goal. While the core of Skinner's
behaviorism theory is operant conditioning, a form of learning in which the
consequences of behavior produce changes in the probability of the behavior will be
repeated.

The results of applying the behavioral learning model above, if seen from the results of
student learning that around 51.78% (out of 56 students) scored 60 and above. Likewise,
in the learning process that all students actively participate, both during the preparation
of material in the paper, presentation of topics in front of the class, as well as responses
from other groups. While the mastery of the concept of this material as a whole has not
been satisfactory (La Misu, 2014). Based on the observations from the learning process,
it can be seen that there are still many students in presenting mathematical material that
does yet understand the concept of the material and only memorizes the material that is
already available in the book or teaching material. Likewise, there are still many people
who have not yet understood the solution to the sample or theorem. Thus, the
application of this behavioural learning model that appears to be only a process of
student participation and activity in following the learning process. However, there is
still many problems in understanding the material content and how to present the
material in the class. Therefore, with this behavioural learning model the writer wants to
see student metacognition when presenting material and solving problems or proving
theorems in front of the class.

The concept of metacognition as stated by Koriat (2007) that metacognition refers to
what people know about cognition in general and specifically about their cognitive
processes, and how they use metacognition knowledge to adjust their information
processes and behavior (Goh, 2008). Then Flavell (1979) suggested that the concept of
metacognition to determine the awareness of thought processes: what we think, how we
think when facing certain tasks or situations, and why we think in certain ways.
Metacognition includes the ability to monitor this process. Furthermore, Wells (2009)
revealed that metacognition is a thought that is applied to the mind. That is,
metacognition of thinking about thinking (lwai, 2011). Biryukov (2003) and Hecker
(1998) suggest that the concept of metacognition is an assumption of a person's thoughts
about his thoughts which include metacognitive knowledge (one's awareness of what he
knows), metacognitive skills (one's awareness of something he does) and metacognitive
experiences (one's awareness of cognitive abilities it has).

Metacognitive has a role in regulating and controlling one's cognitive processes in
learning and thinking more effectively and efficiently. Furthermore, Tacccasu (2008)
defines metacognition, which is part of planning, monitoring, and evaluating the
learning process and awareness and control of the learning process. To improve
metacognitive skills, there is a need for awareness that students must have in their
thinking processes. However, each student has different abilities in responding to a
problem. Some students consciously pay attention to the problem given by completing it
hierarchically, but there are also students who carelessly answer when faced with the
task/problem. This is caused by students' different levels of metacognitive awareness.
The level of one's awareness in the thought process according to Swartz and Perkins
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(1989), and adapted by several experts including: Fisher (1998), Fogarty (1994), Jansen
& de Klein, (2005), and Kraler (1995) include, (a) Level 1: tacit use, is a type of
thinking in making decisions without thinking about the decision. Students only try or as
long as they answer in solving problems, (b) Level 2: aware use is a type of thinking that
shows someone is aware of "what" and "when" he does something. Students realize
everything that is done in solving problems, (c) Level 3: strategic use is a type of
thinking that shows organizing his thoughts by being aware of specific strategies that
improve thinking accuracy. Students can use and be aware of the right strategies in
solving problems, and (d) Level 4: reflective use is a thinking that shows someone
reflecting on their thoughts by considering acquisition and how to improve it. Students
are aware and able to correct mistakes made in solving problems. In line with this
Fogarty explained that metacognition regulates cognitive processes. High-ability
students have a level of reflective metacognition as well as strategic use. Students who
are capable of having a level of strategic metacognition may also be aware of use. While
low-ability students have a level of metacognition that may also be tacit use (David.
2010).

Based on the description above, the author will develop a learning strategy that involves
student metacognition based on behavioural learning to improve mathematical skills in
mathematics education students. This learning strategy will train and reveal students'
metacognitive awareness in understanding mathematical concepts when learning takes
place. So that students are aware of how to understand mathematical concepts, how to
solve problems based on mathematical concepts, and be aware of how to convey/express
mathematical concepts to others.

Thus, the problems of this study are (1) how the form of metacognition strategies based
on behavioural learning in Mathematics Education students? and (2) whether the
application of behavioural-based metacognition strategies can improve metacognition
awareness and mathematical abilities of mathematics education students? This research
was conducted in 3 stages, namely: (1) Creating a behavioural based metacognition
strategy. (2) Implementing behavioural-based metacognition strategies for mathematics
education students, and (3) seeing the results of Metacognition awareness and
mathematical abilities of mathematics education students.

METHOD

This research is a type of research and development or Research and Development (R &
D). Research and development are research methods used to produce certain products
and test the effectiveness of these products. The stages of developing this learning
model refer to the four stages of model development proposed by Thiagarajan, Semmel
and Semmel (1974) known as the 4-D model, namely define, design, develop, and
disseminate. The subjects of this study were students of the Mathematics Education
Program at the University of Halu Oleo Academic Year 2018/2019, the first semester
who programmed the Differential Calculus course, consisting of class A there were 44
students and class B had 40 students. The effectiveness of the data and the effectiveness
of the learning model and device were analyzed descriptively. The implementation
criteria used refer to the methods of grading in summative evaluation from Bloom,
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Madaus& Hastings (1981). Criteria for model quality/learning strategy developed,
referring to Nieveen's criteria (1999), namely validity, practice, and effectiveness.

FINDINGS AND DISCUSSION
Metacognition Strategy Based on Behavioural Learning

Based on the understanding of metacognition and behavioural learning and supporting
theories in the learning process, a form of metacognition strategy was developed to
increase metacognition awareness and mathematical abilities of mathematics education
students as shown in Table 1.

Table 1
Forms of Behaviour-Based Metacognition Strategies
Stage / Phase Activities
Phase 1, a. The learning approach uses a cooperative model with
Cooperative selection as a Think Pair Share (TPS) type
learning approach b.  The lecturer divides each group of 2 members.

c. The lecturer distributes lecture material about the concept
of differential calculus to all group members.

Phase 2, a. Each group member studies the lecture material that has
Group members study and been set by the lecturer.

discuss lecture material b.  All group members discuss with their partners to equate
provided by the lecturer understanding / perception of lecture material.

c. The lecture material that will be presented by group
members is the result of shared thoughts by group
members.

Phase 3, The designated group members present lecture material on

Presentation of lecture topics that have been assigned in turns in front of the class.

material by groups

appointed in front of the

class

Phase 4, a. The responses of other group members are addressed to

The response of other the same number of presenters.

group members to the b. The responses of other group members are addressed to

material presentation from different numbers of presenters.

the designated group c. The feedback from the group presenters is according to
the concepts they present and can be helped by their
group friends.

Phase 5, a. The lecturer gives a summary and affirmation of the

Giving a summary or material while straightening out the wrong material

affirmation of material as presentation

well as positive b. The lecturer gives positive reinforcement to the presenter

reinforcement and negative if the dish is satisfying and the reinforcement is negative

reinforcement if the dish is unsatisfactory. Likewise for other group

members who respond.

Table 1 above, reveals the form of behavioural learning based metacognition strategy
that describes the metacognition awareness of students in studying lecture material. The
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detailed description of each phase of the behavior-based metacognition strategy is as
follows: (1) The selection of learning approaches using the TPS type cooperative
approach, aimed at making group members more familiar and not reluctant to group
members in discussions. (2) Study lecture material by discussing with their partners,
aiming for each group member to listen to each other or voice ideas/results of his
thoughts (metacognitive knowledge) and equate perceptions of the study material he
learned. (3) Presenting lecture material by group members appointed in turn in front of
the class, the goal is that all group members be brave and able to voice their
ideas/results of thoughts (metacognitive knowledge) about the lecture material they
study in front of the class. (4) The responses of other group members to the material
presentation from the presenter group, aiming for the members of the presenter group to
be aware of the knowledge they already have whether it is right or still wrong. (5)
Giving a summary or affirmation of the material as well as positive reinforcement and
negative reinforcement, aiming that all group members evaluate/reflect on the material
that has been learned is it difficult or easy and right or wrong.

Results of Model Validation / Strategy and Research Instruments
A. Results of validation of metacognition strategies based on behavioural learning

The model/strategy validation process is one of the stages of model development,
namely the third stage is develops and disseminate stage, needed to obtain a valid
learning model/strategy in content or content based on three aspects, namely: aspects of
guidance, aspects of coverage of elements model, and aspects of language. This model
was validated by 3 experts from Halu Oleo University, consisting of 2 metacognition
experts and one differential calculus expert (lecturer in calculus subjects). The results of
model/strategy validation from the three validator’s experts can be seen in Table 2.

Table 2
Validation Results of Metacognition Model/Strategy based on Behavioral Learning
Validator Comments and Suggestions Conclusion
1. Expertin - Directions: according to the theory of Behavioral based
Metacognition 1 metacognition metacognition
- Coverage: can reveal metacognitive strategies are
awareness appropriate
- Language: easy to read and understand
2. Expertin - Directions: according to the theory of Behavioral based
Metacognition 2 metacognition metacognition
- Coverage: according to model needs strategies are
- Language: easy to read and understand  appropriate
3.Expert in calculus - Directions: relevant to calculus Behavioral based
(Calculus material metacognition
lecturer) - Coverage: according to model needs strategies are

- Language: easy to read and understand  appropriate

Based on the results of the validation in Table 2, it can be concluded that the content of
the model/metacognitive strategy is valid material, construction, and language, and is
feasible to use. This is in accordance with the results of the study of La Misu (2014) that
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behavior learning models can increase student awareness of solving mathematical
problems.

B. Results of supporting instrument validation

Supporting instruments consist of tests of metacognition awareness and mathematical
abilities, interview guidelines, and teaching materials for calculus differential courses.
The validation process of supporting instruments is needed to obtain a valid learning
instrument and support a predetermined model/strategy. This validation is done in
content or content based on three aspects, namely: material, construction, and language.
This instrument was also validated by three experts from Halu Oleo University,
consisting of 2 metacognition experts and one differential calculus expert (lecturer in
calculus courses). The results of instrument validation from the three validated experts
can be seen in Table 3.

Table 3
Results of Validation of Research Supporting Instruments
Validate Comments and Suggestions Conclusion
1. Expertin - Material: according to the level of Instrument  worthy
Metacognition 1 awareness and ability of students of use
- Construction: can reveal
metacognition awareness and
mathematical abilities
- Language: easy to read and understand
2. Expertin - Material: according to the level of Instrument  worthy
Metacognition 2 awareness and ability of students of use
- Construction: can reveal
metacognition awareness and
mathematical abilities
- Language: easy to read and understand
3. Expert in calculus - Material: relevant to calculus material ~ Instrument worthy
(Calculus lecturer) - Construction: can reveal of use

metacognition awareness and
mathematical abilities
- Language: easy to read and understand

Based on the results of the validation in Table 3, it can be concluded that content
supporting instruments are valid and feasible to use.

Results of Implementation of Metacognition Strategies Based on Behaviour
Learning

A. Early ability of metacognition awareness and student mathematics education
mathematics

The initial ability of metacognitive and mathematical awareness of students in
mathematics education can be divided into three categories, namely initial abilities
based on (1) understanding questions, (2) application questions, and (3) analysis
questions. Of these three categories lead to 2 types of thinking skills, namely the ability
to think of Low Order Thinking Skills (LOTS) and Hight Order Thinking Skills
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(HOTS). The initial ability of metacognition awareness and mathematical abilities of
mathematics education students can be seen in Table 4.

Table 4
The Initial Ability of Metacognition Awareness and Mathematical Abilities of Students
of Mathematics Education

Metacognition Awareness (%) Mathematical
Class & Question form Tacit Aware Strategic Reflective  Ability
use use use use (Average)
Understanding 40,9 25,0 18,2 15,9
Class A Application 84,1 2,3 9,1 45 14,5
Analysis 100 0 0 0
Understanding 45,0 10,0 30,0 15,0
ClassB  Application 92,5 0 0 75 15
Analysis 97,5 0 0 2,5

Based on Table 4, it can be seen that in class A, the initial ability of metacognitive
awareness in mathematics education students is: (1) for understanding, 40.9% is at tacit
use level, 25.0% is in aware use level, 18.2% is in strategic level use, and 15.9% are in
the reflective use level. (2) For the application problem, 84.1% is at the tacit use level,
2.3% is in the aware use level, 9.1% is in the strategic use level, and 4.5% is in the
reflective use level. (3) For the problem analysis, 100% is still at the level of tacit use.
Whereas in class B, the initial ability of metacognitive awareness of mathematics
education students: (1) for understanding, 45.0% is at the level of tacit use, 10.0% is at
aware use level, 30.0% is in strategic use level, and 15, 0% is in the reflective use level.
(2) For the matter of application, 92.0% is at the level of tacit use, and 7.5% is at the
level of reflective use. (3) For the matter of analysis, 97.5% is at the level of tacit use,
and 2.5% is level reflective use. Then, the average initial mathematical ability of class A
mathematics education students is 14.5, and class B is 15.

B. Metacognition and mathematical awareness of students in mathematics
education in the learning process with metacognition strategies based on
behavioural learning

In the learning process, the form of the question used is a matter of application.
Metacognition awareness and mathematical abilities of mathematics education students
during the learning process using behavioral-based metacognition strategies can be seen
in Table 5.

Table 5
Metacognition Awareness and Mathematical Abilities of Students in Mathematics
Education during the Learning Process

Metacognition Awareness (%) Mathematical
Class Tacit Aware use Strategic Reflective Ability (Average)
use use use
ClassA 31,8 22,7 27,3 18,2 44,8
ClassB 27,8 33,3 22,2 16,7 43,1
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Based on Table 5, it can be seen that in class A, metacognitive awareness of
mathematics education students: 31.8% is at the level of tacit use, 22.7% is in the level
of aware use, 27.3% is in the level of strategic use, and 18.2% is level reflective use.
Whereas in class B, metacognitive awareness of mathematics education students: 27.8%
is at the level of Tacit use, 33.3% is in the level of aware use, 22.2% is in the level of
strategic use, and 16.7% is in the level of reflective use. Then, the average mathematical
ability of class A mathematics education students is 44.8, and class B is 43.1.

C. Metacognition and mathematical awareness of students in mathematics
education after the end of learning with a metacognition strategy based on
behavioural learning

At the end of learning with a metacognition strategy based on behavioural learning, the
form of the question used is a matter of application. Metacognition awareness and
mathematical abilities of students of mathematics education after the end of learning can
be seen in Table 6.

Table 6
Metacognition Awareness and Mathematical Abilities of Students of Mathematics
Education after the End of Learning

Metacognition Awareness (%) Mathematical
Class Tacit Aware use Strategic Reflective use  Ability

Use use (Average)
Class A 25,7 25,7 17,1 315 53,4
Class B 15,2 18,2 24,2 42,4 66,8

Based on Table 6, it can be seen that in class A, metacognitive awareness of
mathematics education students: 25.7% is at the level of tacit use, 25.7% is in the level
of aware use, 17.1% is in the level of Strategic use, and 31.5% is level reflective use.
Whereas in class B, metacognitive awareness of mathematics education students: 15.2%
is at the level of tacit use, 18.2% is at the level of aware use, 24.2% is in the level of
strategic use, and 42.4% is in the level of reflective use. Then, the average mathematical
ability of students in class A mathematics education is 53.4, and class B has 66.8.

The results of the research above, it can be seen that metacognition strategies based on
behavioural learning can facilitate students in understanding mathematical concepts and
increasing metacognitive awareness and mathematical abilities of students of
mathematics education. This can be seen in the second phase of this metacognition
strategy that the two group members discuss and share knowledge in understanding
mathematical concepts on a particular topic. There arises an awareness of students'
metacognitive knowledge in processing information, so that information can be
corrected according to the actual concept. Furthermore, it is deepened in the third and
fourth phases because all group members respond to the information. Finally in the fifth
phase, the lecturer provides a summary and affirmation of the information from the
concept. The results of this study are in line with the research results of Rahim and La
Misu (2015) that learning integral calculus through a metacognition approach makes it
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easier for students to explain and comment on each step of solving problems in integral
calculus material.

While the metacognition awareness of mathematics education students at the beginning
was very low, especially in the application and analysis questions, which were still
88.3% (application questions) and 98.75% (analysis questions) were still level 1 (tacit
use). This is in accordance with the results of the study of Salam and Misu (2018) that
generally the level of metacognitive awareness of Mathematics Education Department
students in learning number theory through behavioural learning theory is still low,
namely 57.14% at level 1 (tacit use) and only 5.36% is on level 4 (Reflective use).
Furthermore, after being given a behavioural-based metacognition strategy, the results
of metacognition awareness and mathematical abilities of students of mathematics
education can increase especially in the matter of analysis, ie from 0% at level 3 and
1.25% at level 4 it increases to 20.65% at level 3 and 36.95% at level 4. The average
math ability also increased from 14.75 to 60.1.

CONCLUSION

Based on the results of the above research, it can be concluded that the form of
behaviour-based metacognition strategy consists of 5 phases, namely: (1) The selection
of learning approaches using the TPS-type cooperative approach, aimed at making
group members more familiar and not reluctant with group members in discussions, (2)
Studying lecture material by discussing it with their partners, so that each group member
listens to each other or voices ideas/results of his thoughts (metacognitive knowledge)
and equates perceptions about the subject matter he is studying, (3) Presents lecture
material by designated group members in turn in front of the class, the goal is that all
members of the group be brave and able to voice their ideas / results of thoughts
(metacognitive knowledge) about the lecture material learned in front of the class, (4)
The responses of other group members to material presentations from the presenter
group conscious presenter t the knowledge that has been possessed whether it is right or
still wrong, and (5) Giving a summary or affirmation of the material as well as positive
reinforcement and negative reinforcement, aiming that all group members evaluate /
reflect on the material that has been studied is difficult or easy, and correct or correct
wrong.

The results of metacognition awareness of mathematics education through behavioural-
based metacognition strategies can increase, especially in the matter of analysis, namely
from 0% at level 3 and 1.25% at level 4 increasing to 20.65% at level 3 and 36.95% at
level 4. And the results of students’ mathematical abilities through behavioural-based
metacognition strategies also increased, from an average of 14.75 to an average of 60.1.
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