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Abstract.

Background. Distance learning during the COVID-19 pandemic has changed the landscape of mathematics
learning as a whole. One of the mathematics learning models that offer new concepts in distance learning is
generative learning model. The Aim of the Research. This study will evaluate the effectiveness of the
implementation of generative learning models in improving students' mathematical understanding abilities. The
appropriate research method to test the effectiveness is quasi-experimental design because the class being
experimented with is not changed, so that it does not have much effect on overall learning stability. The research
sample used cluster random sampling technique where class X MIPA 3 was the experimental class while class X
MIPA 2 was the control class. The research instrument used was a test of students' ability to understand
mathematical concepts in the material of Logarithmic Equations as many as seven essay questions. Conclusion.
There is an effect (high) of the generative learning model on the ability to understand students' mathematical
concepts applied to the distance learning system at Al-Azhar 19 Ciracas Islamic Senior High School logarithmic
equation material with a significance level of a = 0.05. Contribution. This study offers a new concept for the
application of distance learning mathematics by implementing a generative learning model which in this study has
contributed positively to student understanding.
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1. Introduction

Mathematics is empirically proven to play an essential role in the educational process both as a direct or
indirect object (Asempapa, 2015; Maracci, 2008). The learning process of mathematics in practice has a standard
of abilities in supporting mathematics learning, consisting of problem-solving skills, mathematical reasoning abilities,
mathematical proofs, mathematical communication, mathematical connections, and mathematical achievement
(Rustina & Anisa, 2018; Satriawati et al., 2018). In learning mathematics, understanding a mathematical concept is
the beginning of various doors for solving mathematical problems. Students who have understood a mathematical
concept well will find it easier to solve math problems (Rahmi, 2021). Moreover, students understand various
mathematical concepts well and have the ability to relate mathematical concepts. It is fundamental in mathematics
learning activities.

In mathematics learning, understanding a concept becomes a fundamental element in the learning process
(Ainley & Ainley, 2011; Tan & Ang, 2016). Students who can understand mathematical concepts well will find it
easier to solve mathematical problems. The ability to implement mathematical concepts in a problem plays a crucial
role in supporting the solving of a given mathematical problem. In understanding mathematical concepts properly,
students must have several important things, including; (1) the object that is the goal, (2) connecting between
objects that have the same characteristics, (3) understanding well the correlation with other objects that do not have
the same characteristics, and (4) dual relation with other objects that have the same characteristics, (5) the
relationship with objects in other theories (Anggar Murizal, 2012).

However, this contradicts the facts in schools. Based on research studies showing that the ability of students
to understand mathematical concepts in Indonesia is still low. The results of the Trends in International Mathematics
and Science Study (TIMSS) survey in 2015 shows that the mathematical ability of Indonesian students was still
very low, as seen from the average score, which made Indonesia ranked 45 out of 50 participating countries
(Kemendikbud, 2018). The factors that make Indonesia's ranking below have various factors. Compared with the
assessment conducted by TIMSS, most students do not have strong abilities in remembering, explaining facts,
linking mathematical concepts, and modeling a problem mathematically. Students who have criteria according to
TIMSS are still sporadic. It is because students still memorize mathematical concepts compared to understanding
mathematical concepts well.

Based on the results of observations and interviews with mathematics teachers who teach, the students' ability
to understand mathematical concepts at SMA Islam Al-Azhar 19 Ciracas is classified as low. This is reinforced by
the daily assessment data of students of class X MIPA regarding the ability to understand mathematical concepts,
namely; in class X MIPA 1, there are 12 students whose scores for understanding mathematical concepts are above
the minimum completeness criteria of 17 students, class X MIPA 2 only 12 students who score comprehension
abilities. The mathematical concept is above the minimum completeness criteria of 19 students. In class X MIPA 3,
there are 14 students whose ability to understand mathematical concepts is above the minimum completeness
criteria of 18 students.

One of the factors that influence the students' shared understanding of mathematical concepts at Al-Azhar 19
Ciracas Islamic High School is that the learning model applied by the teacher still uses the conventional learning
model, only in the online implementation. The teaching system applied by the teacher is only repetitive, and there
is very little creativity in developing the art of teaching. This learning does not allow students to build, create, and
communicate ideas that students have in solving a mathematical problem (Gustia et al., 2021; Yuningsih et al.,
2021). In addition, the factor of student knowledge who has not mastered the material beforehand also affects the
process of answering questions and learning mathematics.

Given that learning is a critical element of educational success, the suitable learning model is needed to
improve students' ability to understand mathematical concepts (Maulidiya et al., 2018). The selection of the suitable
learning model supports the creation of more effective mathematics learning. The model in question must make
students actively involved in finding knowledge and building concepts from the subject matter. In mathematics
learning, student activity in learning plays a role in improving the quality of learning and provides opportunities for
students to develop in building sustainable mathematical knowledge. Active mathematics learning makes students
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happier and impacts students' mentality in building self-confidence in the learning process (Alim et al., 2016; Alves
et al., 2016; Rozgonjuk et al., 2020).

The learning model that emphasizes the activeness of students in building concepts is a generative learning
model. The generative learning model emphasizes the role of students to construct their knowledge independently.
Based on the initial knowledge, they already have and actively participate in the learning process (Fiorella & Mayer,
2016). The generative mathematics learning model consists of four learning stages including, first, exploration in
which the teacher does not directly teach the material to be delivered in class but begins learning mathematics by
exploring various simple concepts that exist in everyday life (Ferrer-Torregrosa et al., 2016; Rafiee & Abbasian-
Naghneh, 2020). Students are invited to think about different things related to the mathematical concepts to be
taught. Second, focusing where the teacher asks students to focus on something related to the concepts being
taught. After exploring various things, students are asked to minimize what has been studied so that mathematics
learning is more focused (Nurjamil et al., 2017; Thachasongtham et al., 2013). Third, the teacher's challenge gives
a challenging math problem because the problem given cannot be solved. Fourth, the application of concepts is an
essential part of the generative mathematics learning model (Thachasongtham et al., 2013; Yoshida et al., 2013).
At this stage, students need to understand well the mathematical concepts that have been learned in the previous
stage. By understanding mathematical concepts well, students can easily participate in learning the implementation
of these mathematical concepts (Li, 2016).

Through the implementation of a generative learning model, students can participate actively in learning to
have the knowledge, abilities, and skills to build their knowledge independently. By linking prior knowledge that has
been previously owned with the concepts being studied, students can finally construct new knowledge (Anderman,
2010; Wittrock, 1974). Furthermore, in 2020 the world will experience the Covid-19 pandemic. Almost all countries
have been affected by the covid-19 pandemic, including Indonesia. Indonesia began to be attacked by the Covid-
19 outbreak in early 2020, to be precise, on March 2, 2020. Over time, the outbreak has spread to all regions in
Indonesia. It prompted the government to issue policies to work from home, study from home, and worship at home
only. The existence of this policy causes students to learn from home, meaning that schools will implement distance
learning. Distance learning is a learning approach that does not meet face to face in class. Distance learning can
be used in these conditions because it is internet-based, which means there is no need to come to class (Yaumi,
2007). The implementation of distance learning (PJJ) has also been implemented at Al-Azhar 19 Ciracas Islamic
High School.

2. Method

2.1 Research Design

In evaluating the effectiveness of the generative learning model, this study uses a quantitative research
method using a quasi-experimental design. This study has two research groups: the experimental class, where the
teacher teaches mathematics learning using a generative learning model. In this control class, the teacher provides
mathematics learning as in previous days. In practice, this study uses distance learning. This is due to government
restrictions related to face-to-face learning to reduce the spread of COVID-19. The research design was used to
evaluate the effectiveness of generative learning models to increase students' ability to understand mathematical
concepts. In achieving this goal, this study chooses the Posttest-only Control Design because only the posttest will
be calculated to compare the effectiveness of the generative learning model. The research design can be seen in
Table 1, as follows;

2.2 Sample

This research is conducted at SMA Islam Al-Azhar 19 Ciracas, with a population of all class X MIPA students
in the academic year 2020/2021 consisting of three classes. Sampling in this study is carried out using the cluster
random sampling technique, namely taking members of the population at random without paying attention to the
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level in the population. Samples are from class X MIPA 3 with a total of 30 students as the experimental class and
class X MIPA 2 with a total of 30 students as the control class. From a total of 60 students, this study also
categorized three aspects, namely students' mathematical abilities, gender, and learning tools used by students
during the distance learning process. Based on the collected data, there are 25 students with high mathematical
abilities, 20 students with moderate mathematical abilities, and 15 students with low mathematical abilities. In terms
of gender, the population of female students, amounting to 34 students, is more than that of male students, which
amounted to 26 students.

Table 1. Demographics Sample

Category Label Total
Students Mathematical Ability

High Ti 25
Moderate S 20
Low R 15
Sex

Male L 26
Female P 34

Learning Tools Used

Handphone A 2
Tablet B 4
Laptop and handphone C 48
Laptop D 6

The data used in this study is the daily assessment data of the exponential equation material. The daily
assessment value is used as data to test data analysis before treating experimental class and control class. Then,
the test of the ability to understand mathematical concepts is used in seven essay questions to measure the ability
of students to understand mathematical concepts after being given treatment. The test questions for the ability to
understand the concepts given include: (1) restating a concept, (2) classifying objects according to specific
properties according to examples, (3) giving examples and not examples of concepts, (4) presenting concepts in
various forms mathematical representation, (5) developing necessary or sufficient conditions of a concept, (6)
applying concepts or algorithms to problem-solving, (7) using and utilizing and selecting specific procedures or
operations.

Before the instrument is used in this study, it is necessary to validate the content and construct by experts,
namely the mathematics education lecturer at the State University of Jakarta and the teacher school of mathematics
subject. Then, the questions that experts have validated are tested on students to determine their empirical validity
and reliability. The results of content validation, construct, and empirical tests of the ability to understand
mathematical concepts state that the test instrument is valid and the reliability test. Therefore, the test instrument
for understanding mathematical concepts is appropriate for use in this study.

2.3 Data Analysis Technique

The data analysis technique used in this study is the prerequisite test using the normality test and the
homogeneity test. Before the treatment, the normality test uses the Liliefors test, while the normality test after
treatment uses the Kolmogorov Smirnov test. For the homogeneity test before treatment using the Bartlett test, after
treatment using the Fisher test (Sudjana, 2005). In addition, hypothesis testing in this study is carried out using
statistical test techniques by the distribution obtained. After the normality and homogeneity are known, testing the
research hypothesis is tested using the t-test. The statistical hypotheses use in this study is:
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3. Finding and Discussion

3.1 Research Finding

In testing normality, this study uses the Kolmogorov Smirnov test because this test is empirically proven to
provide results that indicate that the distribution of samples can be normally distributed. The results of the
calculation of the experimental class show that D.qyunt = 0,114, while for D,p;e that is seen in the critical value
of the Kolmogorov Smirov test with a significance level of 5% and a sample size of 30 students, namely 0,242.
Thus, the value of D¢ount IS less than Diape (0,114 < 0,242) then Hy is accepted. These results prove
statistically that the population in the experimental class is normally distributed.

Table 2. Normality Test Results After Treatment

Class n Significance Level Dcount | Diable Conclusion
Experiment 30 5% 0,114 0,242 | Normally Distributed
Control 30 5% 0,143 0,242 | Normally Distributed

The results of the calculation in the control class obtained the value of D unt = 0,143, while for Dy,p1 Which
is seen in the critical value of the Kolmogorov Smimov test with a significance level of 5% and a sample size of 30
students, namely 0,242. Thus, the value of D¢oyunt /€SS than Diapie (0,142 < 0,242) then H,, is accepted, so
the data in the control class is data obtained from a normally distributed population. Based on table 2, it can be
shown that the experimental class and control class data are normally distributed. After knowing that the
experimental and control classes are normally distributed, the next step is to carry out the homogeneity test using
Fisher test. The main purpose of using this homogeneity test is to determine whether or not the two distributions
are the same. The results of the homogeneity test can be seen in Table 3, as follows;

Table 3. Homogeneity Test Results After Treatment

cl Variance F Conclusi

° " (s?) Count | Table (a=5%) | -oneusion
Experiment 30 85,540

Control 30 | 333,098 0.257 1,861 Accepted H

Based on the calculation results obtained F,,,,; 0f 0,257. At a significant level of 0,050 the Fyp,; is 1,861.
Because F.oynt = 0,257 < 1,861 = F;4p1e, Hois accepted. Thus it can be concluded that the two classes have
homogeneous conditions, so the t-test formula used is the t-test formula with the same variance.

Tabel 4. Two Class Equation Test Results After Treatment

Degree of Freedom (df) teount teaple (@ = 5%) Conclusion
58 2,248 2,002 Rejected Hy

Based on the results of the average calculation between the experimental class and the control class, it is

obtained that toune = 2,248 and ¢, 1 = 2,002 With tcoyne > ¢, 1, SO that Hy, is rejected. These results
2 2

indicate that students who have been given different treatments show a difference in the average score of the test
scores for the ability to understand mathematical concepts in the experimental class and the control class. The
results of the average score of students 'ability to understand mathematical concepts in the experimental class
proved that the generative learning model has a positive tendency in increasing students' understanding ability.
With the various limitations of conducting research conducted online, this study still shows that teaching methods
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that adapt to current needs are empirically proven to improve mathematical comprehension skills. In its
implementation, the researchers noticed that in the exploration stage, the students feel delighted. It is because
students are invited to participate in learning actively. Students are asked either in groups or individually to explore
logarithmic material. Some of the questions raised by students during the learning process are also very challenging.
Teachers and researchers feel that the questions posed are very implementative of logarithms so that researchers
answer with the knowledge they already have. However, it turned out that the answers raised by the researchers
become the main trigger for these students to continue to be more actively involved in the learning process.

Table 4 also shows the effect of implementing the generative learning model on understanding students'
mathematical concepts at Al-Azhar 19 Ciracas Islamic Senior High School with a significance level of &« = 0,05.
In applying this generative learning model, researchers collaborate with teachers. This collaboration turns out to
have a very significant impact on the learning process. It is evidenced by the results of the calculation of the amount
of influence based on Cohen's test, which is 2.265. These results can be interpreted that the effect of the generative
learning model that has been carried out in class Xl at Al-Azhar 19 Islamic High School is in the high category.

3.2 Discussion

In this study, researchers use logarithmic equation material in the odd semester of class X. Before learning;
firstly, the researchers make a lesson plan design that is used at every meeting in the experimental class. In
compiling the learning design, researchers pay attention to all stages of the generative learning model, consisting
of 4 stages (Wena, 2012; Wittrock, 1974). The researcher clearly describes how the exploration stage is carried out
in mathematics learning even though the learning is carried out virtually. Students are asked to participate actively
in the learning process. Teachers are also designed to perform periodic checks on virtual classrooms. This is done
as part of the control over online mathematics learning.

Researchers do the same thing with learning in the control class, where the researchers use the learning
implementation plan that has been made by the subject teacher. The fundamental difference between the current
learning design and face-to-face learning is that it adapts to virtual meetings that many teachers in previous lessons
have implemented. Furthermore, this learning implementation plan is used by subject teachers as a guide in carrying
out the learning process in the classroom. The learning process uses the Generative Learning Model, which is
applied to the distance learning implementation system. In practice, the generative learning model has four stages:
exploration, focus, challenge, and implementation of mathematical concepts (Wena, 2010).

From the learning activities carried out in generative model learning, it can be seen that students are expected
to be able to express their concepts accompanied by arguments to support the concept. The ability of students to
provide arguments shows the mathematical understanding that has been built in students (Selguk et al., 2010). In
practice, students can argue with other students within the limits of learning mathematics. When one student gives
an opinion, other students can give either positive or negative responses but in constructive discussion rules. With
the active participation of students in discussions, learning becomes more focused on students, so that the role of
the teacher as a facilitator is expected to be more developed. This has a positive effect because it is hoped that
students will appreciate other people's concepts and are accustomed to expressing their opinions without being
burdened with a sense of wanting to win or lose.

The relationship between applying the generative learning model to the conceptual understanding ability is
illustrated by the process carried out by teachers and students at each stage of the model. In the preliminary stage,
the teacher stimulates students to express opinions and formulate problems regarding the problems given. Students
then orientate the knowledge they have previously gained from daily experience or previous learning to formulate
ideas in making hypotheses. After obtaining ideas, students classify these ideas together with the teacher. At the
focusing stage, the teacher guides students to determine the context of the problem utilizing a scientific process or
through testing. Students test the ideas they have obtained against a problem so that it can be seen how these
ideas can solve the problem. After that, students present the results of their thoughts in a class forum. Entering the
challenge stage, the teacher facilitates students to respond to presentations from other students, then directs an
exchange of ideas at that time. Discussions carried out in class have not only a positive impact on the exchange of
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knowledge of mathematical concepts that students already have but also provide sustainable self-confidence for
students who can express their opinions (Brennan & Hugo, 2016; Jameson, 2014; Umam et al., 2019 ).

In the last stage, namely the application stage, the teacher provides another simple problem for the students
to solve. Students are expected to be able to solve practical problems given by using concepts that have been built
in the previous stages. After that, students present their answers in front of the class. The ability of students to
communicate in front of the class not only develops active communication skills but also provides opportunities for
students to appear in front of many people. This is of course very positive for the mental development of students.
The presentation is not limited to confirmation from the teacher whether the answer is appropriate or not, but also
encourages other students to argue that the results that have been done are not appropriate (Anderman, 2010; le
Roux & Nagel, 2018). At the end of generative learning, the teacher guides and directs students to make final
conclusions on the material that has been taught. Technically, the teacher can ask several students to make
conclusions and end with a brief explanation from the teacher. However, suppose the learning time can last longer.
In that case, the teacher can ask all students to express their opinions about the conclusions on the material, then
end with the conclusions put forward by the teacher regarding the material that has been delivered. This study
combines the two technical conclusions to adjust to the time allocation and internet quota that are owned by the
students.

4. Conclusion

The results have shown that the ability to understand mathematical concepts of students who learn using
generative learning models gets more satisfying results when compared to classes that are not taught with
generative learning models. This research study shows that students have started to be invited to think about the
subject matter being taught at the exploration stage. Active student interest in learning supports the creation of a
sustainable motivation to learn mathematics. This has a very positive impact on the various learning processes that
take place. By being asked to explore, students who can search for various sources with an internet connection
have indirectly learned the material on logarithmic equations. With active student participation, distance learning
with a generative learning model will encourage students to explore various things about the material to be studied.

This is different from learning in the control class, where the teacher continues to behave with the concept of
face to face virtually. Students' potential absence from virtual learning is a significant obstacle because teachers
cannot control student attendance. This difficulty has a massive impact on the evaluation of improving students'
mathematical conceptual understanding. With the difficulty of controlling student activities during online learning,
there is an opportunity for students to look for activities other than learning by opening websites that are within
reach of the internet. Based on the two results of application in the control and experimental classes, this study can
explicitly conclude that generative learning model can improve the students' ability to understand mathematical
concepts of Al-Azhar 19 Ciracas Islamic High School students on logarithmic equations.

5. Upcoming research

This study evaluates mathematics learning with a generative model, which is limited to two
classes within the scope of the school with 60 students participating in the study. The limited time of the
research coupled with social restrictions that impact distance learning are the main considerations for
researchers to apply the evaluation of generative learning models on a limited scale. The application of
the generative learning model in this study is still limited to one mathematics subject matter in class XI. In
the following research, it is expected to evaluate the implementation of a generative learning model with
a larger population by knowing the effectiveness of the generative learning model with a larger population
so that the results can offer an alternative solution for learning mathematics in the future.
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