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Abstract. This research aims to develop valid, practical, and effective geometry
teaching materials with the help of GeoGebra android to improve students' mathematical
connection abilities. The method used in this research is research and development.
The developing process of teaching materials uses the ADDIE model (Analysis, Design,
Development, Implementation, Evaluation). The analysis phase includes an analysis of
the needs of learning resources, curriculum, and materials. The design phase includes
making a framework of teaching materials, determining reference books, and preparing
teaching materials assessment instruments. The development phase includes module
development, expert validation, and revision of teaching materials. The implementation
phase is the testing phase of teaching materials that are validated and revised to students.
The evaluation phase is to analyzes the strengths and weaknesses of the teaching
materials that have been tested. The criteria of quality of teaching materials are validity,
practicality, and effectiveness. This teaching material is declared valid by assessing the
material and media expert with an average of 89% and 85%, respectively. In addition,
the module was declared practical by the results of the student response
questionnaire, with an average of 78%. Furthermore, based on the results of the student’s
mathematical connection ability test, teaching materials are effective in helping
students to understand geometrical material and improve their mathematical connection
abilities. Based on these results, it can be concluded that the GeoGebra android-
assisted teaching materials developed are valid, practical, and effective.
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1 Introduction

The 2013 curriculum applied in Indonesia requires teachers to act as facilitators for
student learning.

As a learning facilitator, the teacher has the most important task to develop teaching
materials that can facilitate students to find mathematical concepts [1]. A teacher can develop
good teaching materials if he/she has a good mastery of the material as well. Mastery of
mathematical material is called mathematical content knowledge (MCK) [2], [3]. According
to the National Council of Teachers of Mathematics (NCTM), MCK is “Mathematical
content and discourse, including mathematical concepts and procedures and their
interrelationships; some representations of mathematical concepts and procedures and ways to
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reason mathematically, solve problems and communicate mathematics effectively at various
levels of formality [2].

Research [4], [5] state that the MCK for prospective teacher-students is still in the poor
category. Research [4] states that the overall MCK for prospective teacher-students is not
strong, and the two lowest-performing MCK areas are Geometry/Measurement and
Probability/Statistics. Furthermore [5] states that the MCK for prospective mathematics
teacher-students included in the poor category. Some of the mathematical materials are still
not fully understood. One of which is geometry materials.

Geometry as a branch of mathematics is unity, hierarchical in its delivery and
understanding. [6] states that teachers with strong MCK can present mathematics as a
consistent and related structure. Therefore, MCK is described as mathematical content and
discourse, including mathematical concepts and procedures and their interrelationships [2].
Thus, the teacher as a facilitator must be able to present mathematics as a consistent and
related structure. According to [7], [8] the ability to relate or connect in mathematics is
called mathematical connection ability.

Connection in mathematics learning is an essential ability [7]. Without a mathematical
connection, students must learn and remember too many separate mathematical concepts
and procedures [9]. Therefore, the ability to connect mathematically is one of the abilities
that must be possessed by prospective teacher students to develop good teaching
materials in an effort to create effective learning. efficient, fun so that it can realize the
achievement of student competencies.

Research [10], [11] states that the mathematical connection ability of prospective
teacher-students is included in the low category. Based on this, it is necessary to
innovated mathematics learning in higher education so that it can take place optimally
and can facilitate the mathematical connection abilities of prospective teacher students well.

As easier as access to technology for students, the integration of technology into teaching
materials has the opportunities to enrich the student learning experience. Various
technologies, such as dynamic and interactive media, can be used as additional features in
teaching material. GeoGebra software is one of the dynamic and interactive technologies
that can be used as additional features in teaching material [3], [12](Sumarni & Prayitno,
2016). GeoGebra can be used to introduce or explain a particular topic in greater depth
through the construction process [3].

Several previous studies have stated that GeoGebra software can facilitate the
improvement of students' mathematical abilities in learning geometry including [3], [13]-
[20]. However, the limitation of media facilities, in this case, the number of laptops used, is
one of the obstacles to the GeoGebra- assisted learning process.

In this study, we used the Android version of the GeoGebra software as a learning
medium to overcome these obstacles. GeoGebra android has a relatively small storage
capacity and can be operated without internet access (offline) [21]. And based on a survey,
all students used android as a learning medium during the pandemic, so they are no matter by
using GeoGebra android.

According to the background of these problems, this study aims to develop an Android
version of GeoGebra-assisted geometry teaching materials to facilitate the mathematical
connection abilities of prospective mathematics teacher students. Although there are
many opportunities provided by GeoGebra-based teaching materials, there are still not
many that emphasize the connection ability. Thus, the process of developing geometry
teaching materials using the Android version of GeoGebra to facilitate the mathematical
connection abilities of prospective mathematics teacher students along with their qualities



will be the focus of the discussion of this study. The quality of the teaching materials
developed is measured based on the criteria of validity, practicality, and effectiveness [22].

2 Research Method

The type of research is research and development. The development model used is the
ADDIE model [23]. The product developed from this research is a valid, practical, and
effective GeoGebra-assisted geometry teaching material to improve students' mathematical
connection skills. The research subjects were the first-year students at a private university
in West Java in the 2020/2021 academic year, totaling 29 students. The process of
developing these teaching materials follows the phases of the ADDIE model, namely
analysis, design, development, implementation, and evaluation. The analysis phase is carried
out to analyze the need for module development. The analysis carried out includes an
analysis of learning resource needs, curriculum analysis, namely determining learning
outcomes and indicators of competency achievement by the KKNI curriculum as well as
material analysis, especially on geometry materials.

The design phase is carried out to design the writing of teaching materials based on the
results of the analysis phase. The activities carried out are: making a framework of teaching
materials; determining references related to spatial building materials; and compiling
teaching materials assessment instruments. The development phase is the stage to
realize the framework for the preparation of teaching materials that have been designed. In
addition, at this phase validation and revision of teaching materials are also carried out, so
that the developed teaching materials can achieve the expected goals. The fourth phase is
implementation. This phase aims to conduct experiments of teaching materials that have been
validated and revised.

The teaching materials were tested in a small group (limited test), namely on the first-
year students at a private university in West Java. After testing the teaching materials,
students were asked to give their responses to the teaching materials by filling in a
questionnaire. This questionnaire aims to obtain data on the practicality of teaching materials.
The evaluation phase is carried out to analyze the advantages and disadvantages of teaching
materials that have been tested. The phase of analysis was carried out based on the results
of the student response questionnaire. This activity is a means of improvement of the
development process that has not been carried out optimally. In addition, the evaluation
process is also carried out at every other stage to produce teaching materials that are by the
research objectives.

The data collection techniques were (1) observation to find out things related to learning,
including mathematics learning resources used by lecturers and students as well as student
learning difficulties,especially related to geometry materials; (2) structured interviews to find
out things related to the effectiveness of teaching materials in the learning process in terms
of their usefulness and potential to improve mathematical connection abilities; (3) validation
of teaching materials is used to measure the validity of the developed teaching materials, this
validation is addressed to material experts and media experts; (4) the provision of
questionnaires is used to determine the practicality of the teaching

2.1. Materials Developed.



The data collection instruments in this study were interview guidelines, teaching
material validation sheets, and student response questionnaire sheets. The data analysis
techniques in this study were analysis of the validity of teaching materials, data analysis of
mathematical connection ability tests, and analysis of the practicality of teaching materials
questionnaires. The data on the validity of teaching materials is obtained based on the
results of the validation of teaching materials that have been carried out by the validator.
The validation of teaching materials was measured using a four-scale

Likert scale, ranging from 1, strongly disagree, to 4, strongly agree. The scores
that have been obtained based on expert judgment are then converted into percentages. This
percentage is calculated using the formula (1).

Y
X

where V is the percentage of module validity, ¥x is the total number of expert
judgments, and Xxi is the total number of ideal scores. After the percentage results are
known, the level of validity of the developed teaching materials is then grouped into the
product validity criteria as shown in Table 1.

Table 1. Criteria for material and media validity.

No Criteria of Validity Level of Validity
1 Very valid

2 Valid

3 Less valid

4 Invalid

The practicality data of the module was obtained based on the results of the student
response questionnaire. The results of the questionnaire were measured using a four-scale
Likert scale, namely strongly agree, agree, disagree, and strongly disagree. The student
response questionnaire consists of positive statements and negative statements. For positive
statements, the response strongly agrees is given a score of 4 and so on until the response
strongly disagrees is given a score of 1. For negative statements, the score is the opposite of
the score for positive statements. The module practicality score is calculated using formula
2).

N
X

where P is the percentage of the practicality of the module, TSe is the sum of all
students' response scores, and TSh is the sum of the maximum possible scores of all students'
responses. After the results are known, the results are then grouped into product practicality
criteria. The product practicality criteria are presented in Table 2.



Table 2. Product practicality criteria

No Criteria of Practicality Level of Practicality
1 very practical

2 practical

3 less practical

4 impractical

very impractical

3 Results and Discussion

3.1. Teaching Material Development Process

This research produces a product in the form of GeoGebra-assisted teaching materials on
geometry material to develop students' mathematical connection abilities. The
development of the module follows five phases in the ADDIE model. In detail, the phases
taken are as follows.

Analysis

Analysis of learning resource needs is carried out based on the results of observations.
Observation results show that in learning, lecturers and students use English-language
electronic books as the main source. The book is considered not to lead to mathematical
connection skills and is less constructivist because it does not explicitly focus on developing
constructions about the relationship between concepts. In addition, the lecturers have
prepared GeoGebra-based teaching materials, but due to computer facilitation that not all
students have, efforts are needed to develop solid geometry teaching materials assisted by
GeoGebra android software. In this pandemic period, all students use Android phones in
learning, so the development of geometry teaching materials with the help of Android
GeoGebra is claimed to be very relevant to the media owned by students. In addition,
curriculum analysis was also carried out to find out the curriculum used and for the learning
outcomes of learning in the solid geometry course

Design

Making a framework for the preparation of teaching materials based on
guidelines for the preparation of teaching materials which includes a) introduction
contain brief descriptions, learning outcomes, b) presentation contain  material
descriptions, sample questions, practice questions, interactive activities, summaries,
and c) closing contain formative tests, answer keys, and bibliography. At this
phase, the selection of reference books and the preparation of teaching materials assessment
instruments were also carried out, consisting of teaching material validation sheets for
material experts and media experts, student response questionnaire sheets, and interview
guidelines.

Development
The teaching materials developed broadly include material descriptions that lead to
mathematical connection abilities, interactive GeoGebra-based android activities, and



assignments in the form of learning videos. The teaching materials are then validated by
material and media experts. In terms of material, the aspects assessed include the feasibility
of the content, the feasibility of presentation, and the feasibility of language. In terms of
media, the aspects assessed include the feasibility of graphics and electronic media. The
validation process resulted in several suggestions from experts. The suggestions include (1)
the worksheets that have been made are good because they are accompanied by steps to
construct concepts using GeoGebra so that students find them themselves, but it needs to be
accompanied by a capture of the GeoGebra menu icon, (2) adding problems that can develop
mathematical connection abilities, (3) it is necessary to add the worksheets cover and
bibliography, (4) attach a video link about giving an example of construction carried out by
the lecturer. All of these suggestions are used to revise the developed teaching materials.

Implementation

At the implementation phase, experiment of teaching materials that have been validated
and revised is carried out. This experiment is intended to see the level of practicality of
teaching materials. The experiment of teaching materials was carried out on the first-year
students of a private university in West Java for the 2020/2021 academic year, totaling 29
students. After using the teaching materials, students were then asked to fill out a
questionnaire. This questionnaire aims to see student responses to teaching materials that
have been developed in terms of several aspects, namely ease, attractiveness, and
efficiency. Furthermore, the effectiveness of teaching materials is seen based on the results of
interviews with students. It includes the benefits of using teaching materials and the results of
student work on these teaching materials.

Evaluation

The teaching materials that have been tested are then analyzed for their advantages and
disadvantages. Analysis of teaching materials was carried out based on the results of student
response questionnaires. The advantages of the developed teaching materials include:
(1) construction instructions for geometry material concepts and sample questions on the
developed teaching materials are easy to follow and understand, (2) the teaching materials
developed are interesting and encourage students to carry out construction activities to find
geometric concepts, and (3) can help study the solid geometry material. While the
disadvantages of this teaching material are that some words are typos.

3.2. Quality of teaching materials

The quality of the teaching materials developed was analyzed based on the validity,
practicality, and effectiveness of the teaching materials (Nesri & Kristanto, 2020). The results
of the analysis based on each of these criteria are then presented as follows.

3.3. Validity of teaching materials

The validity of the teaching materials developed is based on the results of assessments
carried out by experts. The results of the assessment from material experts on the aspect
of content feasibility obtained a validity percentage of 82%, while in the presentation and
language feasibility aspects, the validity percentages were 89% and 90%, respectively. The
average score of these three aspects is 87%.

Therefore, in terms of material, the teaching materials that have been developed are
very valid. The data on the validation analysis of teaching materials from material experts can
be seen in Table 3.



Table 3. Material expert validation results

No__Aspects Percentage Criteria

1 Content feasibility 82% Valid
Presentation feasibility 89% Very Valid

3 Language feasibility 90% Very Valid
Average 87% Very Valid

Furthermore, the results of the assessment of media experts on the feasibility aspect of
graphics obtained a validity percentage of 82%, and on the feasibility aspect of teaching
materials obtained a validity percentage of 89%. From these two aspects, an average score of
86% was obtained. Therefore, from media experts, the teaching materials that have been
developed are very valid. Data analysis of the validation module from media experts can be
seen in Table 4.

Table 4. Media expert validation results

No Aspek Persentase Kriteria

1 Graphic feasibility 82% Valid

2 Teaching materials feasibility  89% Very Valid
Average 86% Very Valid

3.4. The Practicality of teaching materials

The practicality of the teaching materials developed was analyzed based on the
results of the student response questionnaires. The practicality of teaching materials was
reviewed for ease of use, attractiveness, and efficiency. In the aspect of ease of use, the
percentage is 80%, in the attractiveness aspect, the percentage is 78%, and in the efficiency
aspect, the percentage is 80%. From these three aspects, an average score of 79% was
obtained. Therefore, it can be concluded that the modules developed are practical to be used
by students. A comparison of the percentage of the practicality of teaching materials in each
aspect is presented in Figure 1.

A comparison of the proportion of practicality
of teaching materials in each aspect
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Figure 1. Comparison of the percentage of practicality of teaching materials in each aspect



The practicality of these teaching materials shows that they are easy to use by students,
attractive, and efficient. Ease of use refers to how well the organization of the materials and
technology used in the teaching materials is. The material organization is an important
element in facilitating learning [24]. In addition, student acceptance of the technology used in
teaching materials will also affect how well students will learn [25]. The attractiveness of
teaching materials is related to student learning motivation. When student motivation is high,
the student tends to get optimal mathematics learning outcomes [3], [12]. The use of
GeoGebra in the activity of constructing geometric concepts in teaching materials can
increase student learning motivation [26]. Thus, the attractiveness of the teaching materials in
this study will facilitate students to study the material well. This is also confirmed by the
efficiency of the teaching materials in this study which are in the good category.

3.5. Effectiveness of Teaching Materials

The effectiveness of the teaching materials developed was analyzed based on the
results of observations and interviews conducted and supported by the results of student
work on activities in teaching materials. From the results of the interviews, it is known
that the teaching materials developed can "help students in independent learning, and these
teaching materials motivate students to practice more independently constructing the concept
of the surface area of building space". In addition, students admitted that the teaching
materials developed also included mathematical connection abilities and could
potentially improve students' mathematical connection abilities. In the teaching
materials, some sections guide students to construct the concept of definitions,
formulas for area, and volume of each geometric and the relationships between the
concepts. The results of the interview are reinforced by examples of student work
activities which are shown in Figure 2. The activity of working on teaching materials
shows that the learning activities provided in the teaching materials have facilitated
students to construct and relate concepts in mathematics.

k=i Balok 1eag

Basic Tools

Pindah

a s df gh j |

Zz x cvbnm @&
Edit

Figure 2. Results of student work activitie



According to the results of interviews and students' work, it can be concluded that the
teaching materials developed have the potential to be effective in helping students understand
geometrical material. Also, they have the potential to improve their mathematical connection
abilities, through the activity of constructing concepts using GeoGebra. This is in line with
research [3] which states that GeoGebra-assisted teaching materials can help students find
mathematical concepts through construction activities.
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Gambar 3.5

Untuk membuat limas segiempat dapat dibentuk dengan cara yang hampir sama dengan limas
segitiga dengan sedikit pengembangan, yaitu mengganti alasnya menjadi segiempat. Untuk
prisma segitiga dapat dibentuk dengan cara yang hampir sama dengan balok dengan sedikit

pengembangan, yaitu mengganti alasnya menjadi segitiga.

Figure 3. Examples of construction activities using GeoGebr

In Figure 3 students can construct a rectangular pyramid by using the instructions for
constructing a triangular pyramid, triangular prism by using the instructions for constructing
a rectangular prism. In addition, the developed teaching materials also contain examples of
problems that can be solved using GeoGebra. Examples of problems and solutions using
GeoGebra can be seen in figure 4. The example shows how activities developed in teaching
materials facilitate students to solve problems given by using their thoughts by utilizing
GeoGebra.

Jarak Titik ke Garis.

Berikut ini akan diberikan contoh untuk menampilkan perhitungan jarak titk ke garis.
Misalkan ABCDEFGH kubus dengan rusuk 4, akan dicari jarak titik C terhadap HB.

a. Buat kubus ABCDEFGH pada Geogebra,

)
.
.
.
.

Gambar 4.8

Figure 4. Examples of geometry problems and their solutions using GeoGebra



The teaching materials developed in this research have both practical and theoretical
impacts. Practically, these teaching materials can be used by lecturers to facilitate students in
learning the topic of solid geometry through activities that encourage the development of
mathematical connection abilities. Furthermore, these teaching materials can be used by
students to study independently because these teaching materials provide material
construction instructions, examples of questions that can be solved using GeoGebra and
manually. Theoretically, the process of developing teaching materials described in this article
can be used as a reference for developing teaching tools with similar types and purposes.

4 Conclusions

From the results of research and development of GeoGebra android-assisted teaching
materials that have good quality to develop students' mathematical connection abilities. The
teaching materials developed in this study were valid, practical, and effective. Based on the
assessment of material and media experts, the teaching materials have an average validity
score of 87% (very valid) and 86% (very valid). Based on student assessments, the
practicality of the module has an average score of 79%, so it can be concluded that the
teaching materials are practical. Finally, based on student responses as users and
supported by the results of student work, the teaching materials developed are also effective.
Although these teaching materials have gone through the validation and experiment steps, it
must be acknowledged that the development of these teaching materials still has limitations.
Conclusions regarding the wvalidity, practicality, and effectiveness of the module in
developing students' mathematical connection abilities are still limited to the subject of
this research and its context. Therefore, it is recommended for other researchers to
investigate the effect of these teaching materials on students' mathematical connection
abilities by using different research designs, such as experimental research, and with more
research subjects.
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