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Abstract

This study aimed to explain the effect of CORE (connecting, organizing, reflecting, and expanding) learning with
a metacognitive approach on students’ mathematical connections in terms of preliminary knowledge in
mathematics (PKM). The method in this study used a quasi-experimental with a posttest-only control group design.
The population in this study consisted of all students at one of junior high schools in Indonesia. The sample was
divided into two types: class VIII A as an experimental class with 13 students and class V11l B as a control class
with 14 students. The instruments used in this study were essay tests to measure students' mathematical connection
abilities and interview guidelines. Data analysis was performed by analysis of covariance. This study's results
indicate a linear relationship between PKM and mathematical connection abilities. There is an effect of PKM on
students' mathematical connection abilities. There is a simultaneous effect between PKM and the learning model;
in other words, there is an interaction between PKM and the learning model. The CORE learning model with a
metacognitive approach is more suitable for high PKM, and the scientific model is more suitable for low PKM.
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INTRODUCTION

Mathematical connection ability is an aspect that needs to be developed by students in
learning school mathematics. This is because this ability plays a role in connecting
mathematical concepts in everyday life. Rosdiana (2021) states that in his research, students
with low mathematical connection skills will need help recognizing and applying mathematics
to contexts outside of mathematics, namely its application in everyday life. Mathematical
connection skills for students associating mathematical concepts related to mathematics and
everyday life.

Based on the findings from the preliminary study at the school where the research was
carried out, it was also shown that there was the low level of mathematical connection ability
in solving problems at SMP Global Indonesia. For example, in answering the following
question: “The perimeter of a square is 32 cm. Find the length of its diagonal”, some students
answered incorrectly. The problem is related to the ability to make mathematical connections
because, to solve this problem, students must connect two mathematical concepts, namely the
concept of the circumference of a square and the concept of the Pythagorean theorem.
Therefore, there is a need for learning innovations to practice this mathematical connection

ability. One of them is through the CORE learning model.
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The CORE (Connecting, Organizing, Reflecting, Extending) learning model is an
alternative learning model for students' thinking skills that can assist students in connecting,
organizing, exploring, managing, and developing the information obtained. This model
emphasizes thinking activities for students, especially in linking mathematical concepts.
According to Calfee et al (2010), the CORE learning model combines four essential elements
in increasing understanding of connecting mathematical topics and between mathematical
topics with other science topics or in everyday life, providing opportunities for students to be
able to reflect on their knowledge, as well as providing opportunities for participants to develop
and broaden their knowledge.

The connecting phase is the stage of connecting newly acquired knowledge with
previously acquired knowledge. In this phase, the discussion activity is the first step that
determines the connection to learning. To participate in the discussion, students will remember
information and use previously acquired knowledge to connect, construct, or organize an idea
(Ary et al., 2017).

The organizing phase is the stage where students organize the knowledge or information
they obtain (Fisher et al.., 2017). This stage is carried out by gathering facts and organizing old
information and knowledge into a new form of understanding. Students can discuss this activity
(Bruning et al., 2011).

The reflecting phase is the stage where students think more deeply about the concept
being studied. In this case, metacognition and self-evaluation are needed, which are the core of
all phases in the CORE learning model. The reflecting phase is the most prominent in the CORE
learning model. This stage will be the last opportunity for students to re-examine mistakes and
confirm the answers that have been determined (Miller & Calfee, 2004).

In the extending phase, it is the stage for students to expand the knowledge they have
acquired during the learning process (Fisher et al., 2017). In this stage, students will actively
communicate ideas, opinions, and responses so that they become new ideas for them.

According to Nurvita et al (2019), learning mathematics should be something that makes
students active so that it is no longer a boring subject. Students must be able to realize their
cognitive structures related to procedural. The awareness of students related to their procedural
knowledge is a component of metacognition knowledge.

Metacognition is a term introduced by Flavell in 1976. According to Ozsoy & Ataman
(2017), metacognition is a person's awareness of the thought process and ability to control that
process. According to Flavell (1929), metacognition includes two dimensions: (1)

metacognitive knowledge and (2) metacognitive experience or regulation. Metacognitive
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knowledge refers to the knowledge of everyone to learn and process information and individual
knowledge about their learning process.

This is supported by Rivai (2018), which states that teachers must be able to raise students'
awareness when carrying out learning activities so that students do not only do something but
must also understand why the activity is carried out, namely by using a metacognitive approach.
The metacognitive approach helps students to be able to design, monitor, and evaluate learning
activities so that more meaningful learning can occur. This aligns with the opinion of Meyer et
al (2002) that more active learning is needed by using metacognitive procedures for learning.

Some of the results of research on the CORE learning model with metacognitive skills
include the research by Ningsih et al (2021), where the CORE learning model with a
metacognitive skills approach to learning mathematics has an effect. Furthermore, research
from Sa’adah et al (2017) states that learning outcomes using the CORE model through a
practical metacognitive approach.

Other factors can affect the ability of mathematical connections, one of which is the
mathematical initial ability (PKM). According to Caillies et al (2002), not a few students
understand lessons depending on initial abilities that provide memories for students to find the
information they need and when they need it. Students with good initial mathematical abilities
are predicted to have sufficient knowledge to strengthen the mathematical concepts to be
studied because, in their learning, mathematics is interrelated with one another. Purnamasari &
Setiawan (2019) state that students with good initial abilities will also acquire good new
knowledge.

METHOD

This study used a quantitative approach and the research method used in this study is
quasi-experimental. In the experimental group, the CORE learning model was applied with a
metacognitive approach; in the control group, a scientific learning model was applied with the
same number of study hours. Furthermore, the same learning outcomes test was carried out in
the two class groups. The test results of the two groups were tested statistically to see if
differences occurred because of the treatment, namely the CORE learning model with a
metacognitive approach.

In this study, the formation of new classes was not carried out, which would likely cause
lesson schedules to change and disrupt learning at school. Therefore, in this class, the researcher
was divided into two groups, each randomly selected. During the study, the first group was

given treatment, and the second group was not given treatment. The group that was given the
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treatment was used as the experimental group and the group that was not given the treatment
was used as the control group.

The population in this study were all students at a Junior High School in Indonesia for the
20222023 academic year. The sample is part of, or representative of the population being
studied. The sample in this study was selected from two classes with the same initial ability as
two classes VIII by purposive sampling; the sampling technique was carried out according to
the desired. This is based on school rules and approval to conduct research in class VIII. The
selection of the experimental and control classes is done by choosing randomly from the
existing classes. This is because the researcher cannot form a new class so the sample units are
chosen based on the class. The two classes were chosen as the experimental and control classes,
with 13 students for the experimental and 14 students for the control classes. Students' initial
mathematical abilities are obtained based on their mid-semester scores in mathematics.

To support the purposes of analyzing this research data, researchers need several
supporting data that come from inside and outside class VIII SMP Global Indonesia. The data
collection technique is adjusted to the type of data taken as a document study; the test method
is the mathematical connection ability test instrument.

Before data analysis, prerequisite analysis tests were first carried out: the normality test,
the homogeneity test, the linear regression coefficient homogeneity test, and the Ancova test.
The purpose of Ancova is to determine the effect of treatment on the response variable by
controlling for other quantitative variables. In this case, the CORE learning model uses a
metacognitive approach as the independent variable, mathematical connection ability as the
dependent variable, and PKM as the control variable.

RESULTS AND DISCUSSION

In this study, students’ PKM is the ability possessed by students before the research is
carried out. PKM is obtained based on the results of mid-semester scores in mathematics. Table
1 presents descriptive statistics on the overall PKM.

Table 1. Descriptive Statistics PKM

Data Experimental Class PKM Control Class PKM
Number of Students 13 14
Average 70.69 71.50
Smallest Score 58 52
Highest Score 85 85
Standar Deviation 9.06 9.44
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Before testing the hypothesis, the normality and homogeneity tests were carried out, and
the t-test or non-parametric test was carried out. The statistical analysis results for PKM’s

normality test are shown in Table 2.

Table 2. Normality Test of PKM

Class Kolmogorov Smirnov
Statistics df Sig.
PKM Experimental class 0.15 13 0.20
PKM Control class 0.13 14 0.20

The result of the homogeneity test is shown in Table 3.

Table 3. The Homogeneity Test
Levene Statistic dfl df2 Sig. Description
0.001 1 25 0.97 Ho accepted

Based on Table 1 and Table 3, it shows that the PKM data is normal and homogeneous.
Furthermore, it was tested whether there was a difference in PKM between the control class
and the experimental class using the t-test. The test results obtained that the value of t = 0.226
and sig.=0.82, and so it shows that both classes are the same in terms of PKM. Descriptive
statistics for mathematical connection ability are shown in Table 4.

Table 4. Descriptive Statistics Mathematical Connection Ability (MCA)

Data Posttest Experimental Class Posttest Control
(CORE metacognitive approach) Class(Scientific)
Number of students 13 14
Average 75.54 72.07
Smallest Score 62 50
Highest Score 90 90
Standar Deviation 9.62 13.43

Before testing the hypothesis, the normality and homogeneity tests were carried out, and
the t-test or non-parametric test was carried out. The statistical analysis results for MCA’s
normality test are shown in Table 5.

Table 5. Descriptive Statistics Normality Test MCA
Kolmogorov Smirnov

Class Statistics Df Sig.
Posttest Experimental Class 0.17 13 0.20
Posttest Control Class 0.11 14 0.20

Besides that, the homogeneity test results using the Levene statistic obtained a
significance value of 0.13. Therefore, the post-test results of students’ mathematical connection
abilities are homogeneous because the significance value of 0.13 is greater than the 0.05
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significance level. After using the data variance homogeneity test, a covariate linearity test will

be carried out.
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Figure 1. Regression Linearity

Based on Figure 1, the scatter plot shows a tendency for a straight-line pattern (linear), so
be concluded that there is a significant linear relationship between PKM and MCA in the

experimental and control classes. In the experimental class, the regressions MCA and PKM is
MCA = 13.34 + 0.88 PKM. The coefficient of determination (R square) of 0.687 means that

PKM

has a 68.7% influence on the mathematical connection ability of the experimental class,

and the other 31.3% is influenced by other factors outside of PKM. The Anova test for

experimental class as can be seen in Table 6.

Table 6. Anova Test for Experimental Class
Model Sum of Dk Average F Sig.
Squares squared
1 Regression 763.797 1 763.797 24.182  0.000
Residual 347.434 11 31.585
Amount 1111.231 12

is 13.

The regression equation can be written based on the Table 6, where the constant value (a)

34 and the experimental PKM value (b) is 0.88. The positive regression coefficient

indicates that there is an influence of PKM on the mathematical connection ability of the

experimental class students.
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In the control class the regressions MCA and PKM is MCA = 19.56 + 0.73 PKM. The
coefficient of determination (R square) of 0.266 means that PKM has a 26.6% influence on the
mathematical connection ability of the experimental class, and the other 73.4% is influenced by
other factors outside of PKM. The Anova test for control class as can be seen in Table 7.
Table 7. Anova Test for Control Class

Model Sum of Dk Average F Sig.
Squares squared
1 Regression 625.315 1 625.315 4.359 0.05
Residual 1721.614 12 143.468
Amount 2346.929 13

The constant value (a) is 19.56, and the experimental PKM value (b) is 0.73. The positive
regression coefficient indicates that there is an influence of PKM on the mathematical
connection ability of the control class students. Furthermore, hypothesis testing was carried out
using the analysis of covariance technique to test the comparison between PKM classes. The
Ancova analysis as can be seen in Table 8.

Table 8. Ancova Analysis

Type 111 Sum Mean .

Source Squared D Squared SIg.
Corrected model 1458.86 2 729.43 8.41 0.002
Intercept 118,55 1 118.55 1.36 0.254
PKM 13777.83 1 13777.83 15.89 0.001
Class 113.86 1 113.86 1.31 0.263
Error 2080.32 24 86.68
Total 150357.00 27
Corrected total 3539.18 26

Based on Table 8, the significance number is 0.002 which is smaller than the value of Sig.
0.05 then the null hypothesis is rejected. This means that at the 95% confidence level, it can be
said that there is a linear relationship between PKM and mathematical connection skills. This
statement indicates that the Ancova assumption has been met. In addition, the significance value
for the experimental class and control class or class with the CORE learning model with
metacognitive approach and scientific learning is 0.263. That is, if the significance value is
more than 0.05 then the null hypothesis is accepted. It can be concluded that there is no
difference between mathematical connection ability in the experimental class and the control
class.

If we look at the corrected model row, we can see that the significance value is 0.002.
This means that the significance value is smaller than 0.05, so the null hypothesis is rejected. It
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can be concluded that at the 95% confidence level, there is a simultaneous effect between PKM
and the learning model. In other words, there is an interaction between PKM and the learning
model. At relatively low PKM, students' MCA in the experimental class is lower than in the
control class. However, on the contrary, at relatively high PKM, the MCA of students in the
experimental class is higher than that of the control class. In this case, it shows that the CORE
learning model with a metacognitive approach is more suitable for high PKM, and the scientific
model is more suitable for low PKM.

Based on the research described earlier, it was obtained that the average mathematical
connection ability of students in the experimental class had increased. This indicates that the
CORE learning model with a metacognitive approach provides opportunities for students to
develop mathematical connection skills. This is supported by the opinion of Miller & Calfee
(2004), who proposed a learning model that uses the discussion method, which can influence
the development of knowledge by involving students, called the CORE model, which stands
for four words that have a unified function in the learning process (connecting, organizing,
reflecting, and expanding). Furthermore, Harmsen et al (2005) stated that these elements
connect old information with new information, organize various materials, reflect on everything
students learn, and develop a learning environment.

The metacognitive relates to one's knowledge of one's thinking processes. Metacognition
helps students connect their understanding of their knowledge by knowing their weaknesses
and strengths, knowing what to do, and in what way or strategy to do it. Metacognitive
regulation comes from cognitive knowledge and experience. Metacognitive knowledge refers
to knowledge of how an individual learns and processes information and individual knowledge
of his learning process, so it is known to be metacognitive as knowledge of cognitive and
metacognitive strategies and conditional knowledge of when and how to use an appropriate
strategy.

Metacognition can also be interpreted as one's knowledge and beliefs about one's
cognitive processes and the efforts that a person makes to manage these cognitive processes to
maximize learning and memory. It can be concluded that the CORE model with a metacognitive
approach is learning that invites students to be directly involved in exploring, exploring,
developing, expanding, using, and finding the results of the material being studied so that
students will easily remember the material they are studying.

Furthermore, it was also explained that CORE learning with a metacognitive approach
tends to show positive responses. This is supported by the learning theory of Piaget. Ibda (2015)

said that Piaget assumes that there is a network (abstract) in mind and that concepts such as
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dots and concepts that are related or have lines connect parts in common. This network of
concepts is called a schema. Each new knowledge stimulus will be captured and matched with
the concepts in the schema to look for similarities. This process is called assimilation. If it turns
out that the stimulus is not related to an existing concept, then a new concept is added to the
schema. This process is called accommodation. If a student can tell the equation (assimilation)
and difference (accommodation) about two or more concepts, then it is said to be at the level of
balance. If it is associated with mathematical connection abilities, students at this stage can
relate concepts in mathematics and outside mathematics.

The learning theory of Piaget states that knowledge is not only transferred verbally but
must also be constructed and reconstructed by students. In realizing this theory, students should
be active in learning. Hence, Piaget theory supports this research because students are
encouraged to be active in the CORE learning model with a metacognitive approach. In
addition, in the CORE learning model with a metacognitive approach, there is a connecting
stage, which refers to associating the new concept with the previous concept. When referring
to the theory Piaget, this process occurs in stages of assimilation. Level reflecting refers to the
level accommodation, while stage extending refers to the level balance.

In addition, they were learning with the CORE model with meaningful learning. The
learning in this case, is facilitated at the stage of reflecting, extending, linking, and applying the
concepts learned in the previous stage. Based on the theory, according to Miller & Calfee
(2004), the CORE learning model with a metacognitive approach guides students in
understanding a concept by connecting each piece of knowledge they have and organizing what
they already know. Hence, they understand every step in understanding the concept. With this
guide, students will be helped when solving questions so that they are expected to maximize
learning outcomes. However, the application of the CORE learning model with a metacognitive
approach in this study has several obstacles where there are still students who are less focused
during the learning process in class, and because this research has just been carried out in a
structured manner, students must adapt more to following slightly different learning styles.
Usually, what happens in the experimental class.

Other factors that influenced this research included the research time, which had to ask
for additional study time because of the many agendas at school and the existence of school
examination schedules for grade 9, which had an impact on students' study hours at school and
made the environment not conducive so that adjustments were needed to carry out learning.
Under ideal conditions, this should be facilitated at the stage of connection, which, according
to Siregar et al (2018), Lestari & Yudhanegara (2017), and Al Humaira (2014) state that it
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provides space for students to link old knowledge with new knowledge and associate
knowledge with real life. Connecting refers to connections between old and new information
between topics and mathematical concepts, connections between other disciplines, and
connections to everyday life. At stage connecting, new information students receive relates to
what was previously known. This allows stages of connection when core learning cannot be
maximized. A person's memory can decrease rapidly after a specific time interval, causing them
to forget. In addition, according to Soesilo (2013), forgetting can be caused by interference.
Interference is usually stored in memory due to the amount of new information. Long-term lags
allow more and more information other than learning mathematics to enter the student's
memory. This explains why the configuration of time-related learning at school can affect
student learning outcomes.

Students' initial ability is a prerequisite for participating in learning so that they can carry
out the learning process properly. A person's ability gained from training during his life and
what he brings to face a new experience. Initial ability is also the main factor that will influence
the learning experience for students, and initial knowledge has a very important role in
increasing the meaning of teaching (Astuti, 2015). Learning that is oriented toward initial
abilities will have an impact on the process and acquisition of adequate learning. According to
constructivist views, meaningful learning can be realized by providing opportunities for
students to select contextual facts and integrate them into students' initial abilities. When the
negotiation of meaning takes place, the information received changes slowly from the general
context to the specific context of the field of knowledge and is then linked with a variety of
imaginary activities or events that will spur to continue to seek and find. Student abilities
achieved through learning, understanding, and meaningfulness processes can be realized by
students in various forms of learning acquisition (Brahmantara et al, 2013).

In this study, PKM in both classes was in the same condition. In addition, participating in
learning is also caused by two factors, namely internal factors originating from within the
students themselves, such as low motivation and student interest in participating in learning, so
that they can influence the implementation of learning and student learning outcomes. In
addition to motivational factors, other influencing factors are environmental factors, such as a
less conducive learning environment, which causes students to be distracted from participating
in the learning process. These factors influenced student learning outcomes in this study.

Data processing through the Ancova analysis to determine the effect of the experimental
class and control class learning models on the ability of mathematical connections obtained a

significance value of 0.263, more significant than 0.05, so there is no difference between
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mathematical connection abilities in the experimental class and the control class. Furthermore,
to determine the effect of PKM on the ability of mathematical connections, a significance value
of 0.001 was obtained, which was less than 0.05, so that PKM influences students' mathematical
connection abilities. There is a linear relationship between PKM and mathematical connection
abilities. To compare PKM between classes with mathematical connection abilities, when
viewed from the corrected model, the significance value is 0.002 less than 0.05, so HO is
rejected to conclude that there is a simultaneous influence between PKM and the learning
model. In another sense, there is an interaction between PKM and the learning model. At a
relatively low PKM, students' mathematical connection abilities in the experimental class were
lower than in the control class. However, on the contrary, in the relatively high PKM, students'
mathematical connection abilities in the experimental class were higher than in the control class.
In this case, the CORE learning model with a metacognitive approach is more suitable for high
PKM, and the scientific model is more suitable for low PKM.

Learning outcomes using assessment can be seen from the value obtained from the test
instrument. Regarding student activities during the learning process, applying the CORE
learning model with a metacognitive approach and learning using a scientific approach. The t-
test found that the PKM in the control and experimental classes was in the same initial
conditions as the P-value, which is 3.569 more than 0.05. After students were given the CORE
learning model with a metacognitive approach and a scientific learning model, there was an
increase in student scores. The increase in the average student is also due to students'
understanding and mastery of the material, which has begun to increase.

This is in line with the research of Trihasari et al (2019), which shows a linear influence
of the initial ability covariate on the final problem-solving ability following the learning
model of problem-based learning with a scientific approach. After students were given the
treatment of learning models, there was an increase in student scores, so there were differences
in students' mathematical abilities after being given the treatment of conventional learning and
learning models after controlling for students' initial mathematical abilities (Widada et al,
2019c), (Widada et al., 201a) and (Widada et al., 2019bb). Based on this description, the
influence of the linear covariate of students' initial abilities on students' mathematical
connection abilities indicates that students' initial abilities must always be used as a basis for
preparing mathematics learning plans.

The success of this research is supported by one of the most important reasons regarding
the CORE learning model with a metacognitive approach, which is one of the learning models

based on constructivism. Viewed from the perspective of student learning interests, the CORE
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model of learning with a metacognitive approach provides optimal flexibility for students to
develop and practice mathematical connection abilities to affect mathematical connection
abilities directly. This is in line with Umbara (2017), who states that according to constructivism
theory, the basis for students acquiring knowledge is the students' activeness with the help of
cognitive structures. With the help of these cognitive structures, students gain their knowledge
through interaction with their environment.

Vygotsky's learning theory emphasizes the importance of utilizing the environment in
learning. Vygotsky's learning theory focuses on education that develops cooperative learning
models, peer-interaction models, group learning models, and problem-solving learning models.
So, in this study, the CORE learning model with a metacognitive approach and a scientific
learning model are carried out in groups that can help students in their constructivist
understanding.

The results of the hypothesis show that without PKM, there is no effect of differences in
the metacognitive approach CORE learning model and the scientific learning model on
mathematical connection abilities. This is in line with the research of Tusitadevi & Astuti
(2021) and Dewi & Wardani (2021), which shows that problem-based learning and problem-
solving influences critical thinking skills. Based on the description, researchers can conclude
that applying the metacognitive CORE learning model to scientific learning has an effect and a
linear relationship to students’ mathematical connection abilities in terms of PKM.
CONCLUSION

We can conclude that there is no difference between the ability of mathematical
connections in the experimental class and the control class, there is an influence of PKM on
students' mathematical connection ability, and there is a simultaneous influence between PKM
and the learning model; in other words, there is an interaction between PKM and the learning
model. At a relatively low PKM, students' mathematical connection abilities in the experimental
class were lower than in the control class. However, on the contrary, with the relatively high
PKM, the mathematical connection ability of students in the experimental class is higher than
that of the control class, so the CORE learning model with a metacognitive approach is more
suitable for high PKM and the scientific model is more suitable for low PKM.
SUGGESTIONS

Other researchers, can develop further research regarding the simultaneous effect of PKM
and learning models, which shows that there is an interaction between PKM and learning

models with different research methods, which shows that high PKM is more suitable for CORE
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learning models with a metacognitive approach and low PKM is more suitable for scientific
approach.
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