
ICMScE
International Conference On Mathematics And Science Education
Volume 2024

Research Article

Mathematical Connections Through
Brain-Based Learning with Geogebra
Assistance
Wati Susilawati, Nia Siti Nursalimah, and Iyon Maryono

Faculty of Tarbiyah and Teacher Training, UIN Sunan Gunung Djati, Jl. Cimencrang, Gedebage,
Bandung, Indonesia

ORCID
Wati Susilawati: https://orcid.org/0000-0003-0346-9536

Abstract.
During the COVID-19 pandemic, it became a challenge for the world of education, all
exposure to the implementation of learning was carried out online, however, adjusting
the learning process required the readiness of students and teachers in the field
of technological literacy. The purpose of writing this paper is: to analyse the ability
of mathematical connections between students who carry out GeoGebra-assisted
brain-based learning and conventional learning, viewed by gender. The research
method used was a quasi-experimental design with a non-equivalent control group.
The sample consisted of an experimental class and a control class which were not
selected randomly but were selected homogeneously. The implementation was carried
out at one of the state middle schools in Bandung, Indonesia. Class VIII-C consists
of 30 students as an experimental class carrying out GeoGebra-assisted brain-based
learning and class VIII-F consists of 28 students as a conventional class. The instrument
used is a mathematical connection ability test. Data analysis using two-way ANOVA.
Research results: There is a difference in the achievement of increasing the ability
of mathematical connections between students in the experimental class and the
conventional class. There is no difference in the achievement of increasing the ability
to relate mathematics based on gender (male, female). The brain-based learning
approach with the help of GeoGebra facilitates the process of construction, interaction,
reflection, and easy-to-understand material, so as to improve students’ mathematical
connection abilities.
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1. INTRODUCTION

The period of the Covid 19 pandemic is a challenge for the world of education, all
learning processes are carried out in networks, the presentation of the implementation
of online learning is very interesting to do because learning can be done anytime and
anywhere [1]. The effectiveness of implementing online learning requires professional
teachers to arouse student interest and motivation to do assignments. Among them,
it helps make it easier to solve abstract mathematical tasks quickly, accurately and
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efficiently through the GeoGebra application [2]. According to the results of research [3]
that students felt that the motivation and skills to connect mathematical concepts with
everyday life experiences were enhanced and developed through Bra-based learning
assisted by GeoGebra. The findings of [4] GeoGebra software is great for increasing
motivation in learning processes and outcomes, as well as modelling in solving mathe-
matical problems. This teachers need to familiarize students with connecting mathemat-
ics both internally and externally and pay attention to the emphasis of the material given
to students so that students’ mathematical connections are more developed, resulting
in better academic performance improvements [5].

Empirically online learning has many obstacles in its implementation, such as uneven
internet networks [6]. The readiness of teachers and students in adopting technological
literacy requires a long time. According to the research results of [7] Reveals that
students almost experience difficulties in implementing mathematics learning strategies
at home with high stress and anxiety levels The results of research by [8] reveal
that students’ mathematical connection skills are still low. This can be seen from the
indicators that show that students are less capable in modelling contextual questions
correctly, students are not able to apply concepts and procedures, students have
difficulty developing mathematical ideas. Research results Indra Kusuma [9] revealed
that the ability of students’ mathematical connections to connect between mathematical
concepts and to apply mathematical concepts in solving daily problems was in the low
category with 43.47% and 53.26%. Low mathematical connection ability is indicated by
the low percentage of students who provide correct answers, students have difficulty
understanding problems, determining formulas and theorems used to solve problems.
According to the research results of [10] it is revealed that the test of mathematical
connection ability is still low, seen from the percentage of each indicator, namely the
relationship indicator between mathematical concepts is 38%, the relationship between
mathematics and other sciences is 29%, and between math and everyday life is 43%.
Students are the lowest in connecting mathematics with other sciences. According
to the findings of [8] that students have not been able to apply and adapt various
appropriate strategies to solve abstract non-routine mathematical problems that require
high thinking.

In line with the results of research by [11] it is revealed that some students can
use connections between mathematical concepts and other mathematical concepts,
but students cannot identify mathematical problems, and do not provide the correct
answer. The results of research by [12] Revealing mathematical connection errors made
by students, unable to formulate mathematical problems; unable to find relationships
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between topics in mathematics; cannot understand the representation of concepts in
mathematical problems, and cannot describe the relationship between procedures
in mathematical problems. The results of research by [13] shows that the results of
mathematical connection abilities in terms of cognitive style and gender in the impulsive
category, students answer mathematical problems without reasons or logical reasoning.
According to the findings of [14] shows that the low ability of students’ mathematical
connections is due to a lack of deep understanding of mathematical concepts, they
cannot understand concepts on math topics itself and concepts in other mathematical
topics, when they are given problems, they can only understand problems without being
able to find a proper solution. Thus the complex problems of the process and the results
of learning mathematics require an alternative solution to solve these problems.

Based on the above problems, an alternative improvement is needed in the mathe-
matics learning process, including the application of a GeoGebra-assisted brain-based
learning approach that provides opportunities and confidence for students to be actively
involved in the learning process in class, so as to reduce these problems. According
to the research results [15] that the brain-based learning approach is able to pro-
duce actions to convince students, in the process and results of learning mathematics
increase significantly. The results of research by [16] revealed that the application of
community-based brain-based learning has a significant effect on students’ mathe-
matical connection abilities. In line with the findings of [8] that the Instagram-assisted
brain-based learning approach is effective in solving math problems. Thus the brain-
based learning approach can be an alternative means to significantly improve students’
mastery of mathematical concepts. [17].

Applications that support student success in the application of fun brain-based learn-
ing canmake it easier to understand concepts and be able to solve math problems accu-
rately, including GeoGebra software. [18] Reveals that GeoGebra software can improve
conceptual understanding skills and retention of learning mathematics. [19] The results
of their research revealed that there was an effective use of GeoGebra in improving
students’ mathematical communication skills. [20] also revealed that GeoGebra-assisted
learning can increase students’ self-confidence and independent attitudes based on
their initial mathematical abilities at high, medium and low categories. The results
of research by [21] Reveal that in rural environments where the availability of limited
technological resources, the use of GeoGebra affects student learning and has a positive
effect on teacher beliefs during mathematics learning.

Cognitive aspects that are enhanced through GeoGebra-assisted brain-based learn-
ing, namely the ability of mathematical connections that have a hierarchical pattern
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of relationships that are not partitioned into separate topics, but constitute one unified
whole. With indicators of mathematical connection capabilities according to [1] including:
(1) Looking for relationships of various representations of concepts and procedures; (2)
Understanding the relationship between mathematical topics; (3) Applying mathematics
in other fields or in everyday life [22]. The results of his research reveal that students
who have mathematical connection abilities can associate mathematical concepts with
previous material and concepts related to real life [23]. Revealed the results of his
research that realistic mathematics learning can improve students’ mathematical con-
nection skills. The findings of [24] reveal that there are differences in the improvement
and achievement of mathematical connection skills between students who carry out
Prezi-based scientific learning better than students who have lecture-based learning
and conventional learning. The results of research by [25] revealed that the discovery
method with a scientific approach is effective in improving the mathematical connection
skills and characteristics of students’ thinking [26]. Revealed that students who have
high mathematical connection skills have an effect on their mathematical problem-
solving abilities and reading skills of the Koran. Thus the mathematical connection
plays an important role in achieving a more meaningful understanding of mathematics,
if each student is able to connect all the knowledge they have, both in everyday life
and between mathematical concepts or other sciences.

In addition to the empirical factors above, there are other factors that can contribute
to improving students’ mathematical connection abilities, namely the gender factor
(male, female). In the experimental class there were 16 male students and 14 female
students, while in the conventional class there were 12 male students and 16 female
students. Thus, there is an opportunity from the results of previous research that a brain-
based learning approach assisted by GeoGebra can improve mathematical connection
abilities in terms of gender (male, female). With the aim of analyzing the differences
in the achievement of improving mathematical connection abilities between students
who carry out GeoGebra-assisted brain-based learning and conventional learning, seen
by gender. So that it can be an innovation in learning mathematics to solve mathe-
matical connection problems in geometric material, which will facilitate the ability to
deductively formulate and verify conjectures between mathematical topics, concepts,
and procedures that can be applied to solve connection problems in mathematics and
other disciplines.
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2. RESEARCH METHOD

The research method uses a quasi-experimental, with an experimental design that is
Nonequivalent Control Group Design. The population in the study were all students
of Class VIII Class 2019-2020 which consisted of 10 parallel classes at SMP Kota
Bandung Indonesia. The data source used as the sample consisted of the experimental
class and the control class which were not selected randomly, but were selected
homogeneously, namely Class VIII-C consisting of 30 students as the experimental
class with 16 male students and 14 female students. who carry out GeoGebra-assisted
brain-based learning, while class VIII-F as a conventional class consists of 28 students,
there are 12 male students and 16 female students. The instrument used is a question of
the ability of the mathematical connection which has been tested for validity, reliability,
differentiation and difficulty level. Data analysis used independent t test and two-way
ANOVA test, which have fulfilled the two assumptions of normality and homogeneity.

3. RESULTS AND DISCUSSION

Analysis of the ability of mathematical connections between students who carry out
GeoGebra-assisted brain-based learning and conventional learning is reviewed based
on gender (male, female) using n-gain. The average n-gain test of the ability of math-
ematical connections in the experimental class is at the category level of 0.75, which
is better than conventional learning at the level of 0.51. both are in sufficient position.
More clearly see the Figure 1.

Figure 1: Average percentage <g> of each indicator of conection mathematics.

To find out the difference in the ability of mathematical connections between students
who use GeoGebra-assisted brain-based learning and conventional learning, a t-test is
carried out on the n-gain data. The assumptions from the results of the normality test and
homogeneity test show that the sig value in the experimental class and control class>
0.05. Data are normally distributed and have homogeneous variants. Two assumptions
were fulfilled so that the analysis was continued with the t-test, with a sig (2-tailed)
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value of 0.01 <0.05. The conclusion of the hypothesis H0 is rejected, meaning that
there are differences in the ability of mathematical connections between students who
carry out GeoGebra-assisted brain-based learning and conventional learning. Thus,
it can be concluded that there are differences in mathematical connection abilities
between students who carry out GeoGebra-assisted brain-based learning better than
those who use conventional learning. According to research results [27] revealed that
the mathematical connection ability which is used as a learning reference becomes
more meaningful learning. According to the research results of [22] that students with
high mathematical connection skills can associate mathematical concepts with previous
material, and are related to real life concepts. The findings [28] revealed that the
mathematical connection ability of students who obtained the PJBL learning model
with a creative mind map was higher than students who obtained the expository model.
According to research results [25] that the ability of mathematical connections and
student characteristics is better after learning the discovery method with a scientific
approach [23]. The ability of mathematical connections is better after learning realistic
mathematics [29]. That the mathematical connection ability is better after interactive
media-based learning.

GeoGebra-assisted learning activities require students to relate mathematical ideas
to the real world. According to research results [30] that the use of GeoGebra software
is easily used by students if they are equipped with mathematical concepts according to
everyday life and knowledge of graphics. According to research results [31] that GeoGe-
bra software can be used as an important tool for the development of mathematical
connection skills. According to the findings of [32] that learning supported by GeoGebra
has sufficient accuracy related to learning outcomes, instruction, and programming. [4]
that the GeoGebra software generates motivation in the learning process and modeling
in mathematics. Thus that the application of learning with the GeoGebra application
facilitates student interaction with more enthusiasm and enthusiasm for doing assign-
ments during the learning process so it is fun because it makes it easy for students to
understand concepts and solve geometric problems [2].

The difference in the achievement of increasing the ability of mathematical connec-
tions between students who use GeoGebra-assisted brain-based learning and conven-
tional learning is viewed on the basis of gender (male, female). The overall average score
of students in the experimental class in terms of gender (male, female) is 72.00 respec-
tively. Meanwhile, the conventional class in terms of gender (male, female) is 63.04.
To find out the difference in the achievement of increasing the ability of mathematical
connections between students who use brain-based learning assisted by GeoGebra
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and conventional learning based on gender (male, female, a two-way ANOVA test
analysis was carried out, after two assumptions of normality and homogeneity were
met. Two-way ANOVA results. with SPSS version 26 can be seen in the Table 1.

Table 1: Tests of between-subjects effects.

Dependent Variable: KONEKSI

Source Type III Sum
of Squares

df Mean
Square

F Sig.

Corrected Model 1257.502𝑎 3 419.167 9.042 .000

Intercept 261153.508 1 261153.508 5633.539 .000

Learning 1079.838 1 1079.838 23.294 .000

Gender 93.668 1 93.668 2.021 .161

Learning * Gender .317 1 .317 .007 .934

Error 2503.274 54 46.357

Total 269375.000 58

Corrected Total 3760.776 57

a. R Squared = .334 (Adjusted R Squared = .297)

Based on the results of data processing using the two-way ANOVA test to test the
research hypothesis based on the type of learning with a Sig value of 0.00 <0.05,
then H0 is rejected. That is, there are differences in the achievement of increasing
students’ mathematical connection abilities based on GeoGebra-assisted brain-based
learning which is better than conventional learning. According to the research results
[33] revealed that the application of brain-based learning can improve students’ higher
order thinking skills. The findings of [34] that brain-based learning provides contributions
and influences in increasing scientific literacy [35]. Brain-based learning can improve
mathematical problem-solving abilities based on students’ cognitive styles. [36] that
the brain-based learning approach can improve higher-order thinking skills and stu-
dent motivation more effectively than traditional approaches [37]. Brain-based learning
improves problem solving skills better than the control class which uses problem-based
learning [38]. The application of smart card assisted brain-based learning is effective
for mathematical critical thinking skills [5]. Brain-based learning provides safe facilities,
the presentation of meaningful content prepares students’ brains to store, process, and
retrieve information in a soothing way. According to the research results of [39] that the
implementation of PPA with the STEAM brain-based learning approach has increased
student learning achievement better than those using PJBL with the STEAM approach
without brain-based learning [40]. Brain-based learning is effective in improving stu-
dents’ mathematical connection skills. So that the application of brain-based learning
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can be an alternative means to significantly improve mastery of mathematical concepts
[17].

Brain-based learning with GeoGebra interactive applications can improve mathemat-
ical connection skills. Apart from this learning, the application of GeoGebra affects the
ability of mathematical connections. According to the research results [19] that there is
an effective use of GeoGebra in improving students’ mathematical communication skills.
The findings [41] that learning using GeoGebra can improve the ability to understand
geometric concepts higher than students taught conventionally. According to the results
of the study [42] revealed that learning assisted by GeoGebra was effective in improving
geometric spatial abilities and positive student responses.

The results of two-way ANOVA data processing hypothesis testing based on gender
(male, female), that the sig value 0.16 > 0.05 then H0 is accepted or H1 is rejected. So
it can be concluded that there is no difference in the achievement of increasing the
ability of mathematical connections based on gender (male, female). Furthermore, the
interaction test between the type of learning and gender on the students ’mathematical
connection ability, with a sig value of 0.93 > 0.05, then H𝑂 is accepted or H1 is rejected,
so it can be concluded that there is no interaction between the type of learning and
gender on the students’ mathematical connection ability. The mathematical connection
ability of students who carry out brain-based learning based on gender, the average
score is better than female students, as well as students who learn conventionally, that
male students are superior to female students at the junior high school level.

According to research results [43] that the gender gap in the achievement and
mathematics attitudes of male students is better than female students. The findings of
[44] that the differences in final junior high school mathematics scores for high school
entrance tests are substantial, consistent with the bias in assessing boys over girls.
According to the research results of [45] reveal that mind mapping-assisted brain-based
learning can improve mathematical critical thinking skills based on learning styles and
gender.

Thus, the application of geogebra-assisted brain-based learning requires students
to be skilled in solving mathematical connection problems in the concept of geometry.
Mathematical connection skills can help students to connect mathematical concepts
so that students do not learn them separately. One of the mathematical connection
ability problems with indicators using mathematics in everyday life: Use GeoGebra to
construct a building at the position below. Explain the concept of what happens, if the
building consists of 24 rooms that are congruent in size?

Beam broad concept: (lh+ wh+ lw).
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Figure 2: The concept that occurs is the beam volume: length x width x height.

Most of the students in the geography-assisted brain-based learning class were able
to solve these connection questions, but conventional class students still found it difficult
to construct the model.

4. CONCLUSION

The ability to connect mathematics through GeoGebra-assisted brain-based learning
is better than conventional learning. There are differences in the achievement of an
increase in the ability of mathematical connections between students who implement a
GeoGebra-assisted brain-based learning approach with conventional learning. There
is no difference in the achievement of increasing the ability of mathematical con-
nections based on gender (male, female). In the application of GeoGebra-assisted
and conventional types of brain-based learning, the male students’ average score of
mathematical connection ability is superior to that of female students. Male students’
math connection ability scores in the experimental class were higher than male students
in the conventional class. There is no interaction between the type of learning and
gender on the mathematical connection ability.
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