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ABSTRACT

The purpose of this study was to determine whether the implementation of the Geogebra-
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assisted Project Based Learning (PjBL) model has an impact on improving students' spatial (PjBL)
abilities or not. Quantitative method with experiments was used in this study. The sample Geogebra Application
used was class B and C students of Mathematics Education IAIN Kudus class of 2022/2023 Spatial Ability

who were selected through cluster random sampling techniques. To determine the level of
effectiveness, pretest and posttest instruments were given to students. Before the
instrument was given, content, construct, and item tests were carried out. Based on the
content validation test given by two experts, a V-Aiken score of 0.93 was obtained, which
was categorized as very valid. Furthermore, item tests were carried out, which included item
validity tests, discrimination power, level of difficulty, and reliability. Based on the analysis access article under
of the item test, it was stated that all questions could be used. The effectiveness test was the CC-BY-SA
carried out using N-Gain, and an average score of 3.896 was obtained, categorized as license
moderate. From these calculations, it is concluded that PjBL learning models assisted by
the Geogebra application have a positive impact on improving students' spatial abilities.
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1. Introduction

Human life is influenced by the important role of education. Education provides opportunities
for humans to broaden their horizons and gain knowledge (Lanani, 2015; Mikrayanti, 2016) . The process
of broadening hotizons is obtained through learning in the scope of formal and non-formal education.
One of the learning emphasized in education is mathematics learning. Mathematics plays an important
role in preparing the next generation to face the challenges of globalization, especially in the era of
technological reform (Sofiyah et al., 2025). Husnul Fauzan & Khairul Anshari (2024) added that
mathematics learning helps students to think logically in the problem-solving process. In addition,
Kristia, Habibi, Fidya, & Putra (2021) also explained that mathematics learning can hone students'
perseverance, hard work, and thoroughness in a job. Attitudes and skills that are part of the quality of
human life are influenced by the implementation of mathematics learning.

Behind the importance of learning mathematics, it turns out that there are many problems in
learning mathematics that must be resolved immediately. Mathematics is considered an abstract, difficult
to understand and boring subject (Hasibuan, Siti Yuliana; Hasybi, Aliya Nur; Siregar, Ary Yantyi; Sofiyah,
2025). Furthermore, Muslimin & Sunardi (2019) explained that students still have difficulty
understanding concepts in geometry material. Muslimin & Sunardi (2019) also explained that this
difficulty is because students do not understand the basic terminology in geometry concepts. Students'
difficulties in learning geometry material were also found by Saputra & Fahrizal (2019) . Saputra &
Fahrizal (2019) explained that in learning geometry material, conventional learning is still used, so it does
not provide an overview of geometry concepts for students. Therefore, learning geometry material
requires media that students can use to understand the material easily.

The presence of media in mathematics learning has an influence on the success of the teaching
and learning process that occurs in formal education.. This is because learning media helps the process
of delivering material optimally by teachers to students (Wicaksono, 2016) . Wicaksono's statement
(2016) is closely related to the function of learning media, namely as a channel of messages that can
stimulate the thoughts, feelings, and desires of students to be involved in the learning process (Luh &
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Ekayani, 2021) . In addition, Maharani, Arita Selly; Nasuhaa, Salsa Umi; Maulida (2024) explained that
learning media helps teachers create effective, non-monotonous learning conditions and motivates them
to continue learning. With these various advantages, it can be concluded that learning media helps
maximize the learning process and contributes to improving the quality of education (Kozma, 1994) .

One of the materials taught by teachers to students is geometry. In order to provide meaningful
learning to students on geometry, improve students' understanding and learning outcomes on geomettry,
teachers' ability to develop learning media is highly emphasized to support the optimization of the
mathematics learning process. This demand also applies to students of the Mathematics Education study
program as prospective mathematics teachers. Students' skills in developing these media ate included in
pedagogical competence, where the role of information and communication technology can be
maximized by a teacher in supporting the learning process (Depdikbud, 2005) . The skills of Mathematics
Education students as prospective mathematics teachers in developing learning media are emphasized
as an effort to maximize the learning process.

In addition to being useful in maximizing school learning on geometry material, the ability to
develop learning media can also improve students' spatial abilities. Spatial ability is the ability that focuses
on the representation of three-dimensional or more objects (Sudirman & Alghadari, 2020). Spatial ability
allows abstract mathematics to become more visual and real (Asryana, Sanapiah, & Kinasih, 2017) . To
create learning media on geometry material, students are required to create visualizations of an object
and analyze it. Through the creation of this learning media, students will be trained to improve their
spatial abilities.

As an effort to help students develop learning media and also improve their spatial abilities, the
GeoGebra application can be used. Hohenwarter (2008) explained that Geogebra is a computer program
that can be used for free and helps the learning process of geometry, calculus, and algebra in mathematics
through easy-to-use software. One of the benefits of the Geogebra application is as a demonstration and
visualization media, as a construction aid, as a discovery aid, and as a communication and representation
tool (Hohenwarter & Fuchs, 2004). Through the Geogebra application, students find it easier to create
visuals of a form that can be represented on a learning media. With clear visualization, it can also help
students understand geometry material through the learning media that is developed. This is also in line
with NCTM (2000) which explains that the purpose of geometry material in schools is so that students
can use shape visualizations in solving problems. The Geogebra application helps students create shape
visualizations that can be used in creating learning media for geometry material.

As an effort to equip students to improve their spatial abilities, PjBL learning model is carried out.
Surya et al., (2018) explained that the PjBL model emphasizes the learning process based on a project.
In addition, the learning model also prioritizes contextual thinking from complex activities (Andrianis et
al., 2018). The PjBL learning model can accustom students to think complexly based on the existing
context. The PjBL learning model can help students improve their spatial abilities through abstract
characteristics in geometry material.

Based on the study that has been described, the researcher took the initiative to implement the
Project Based Learning (PjBL) learning model assisted by the Geogebra application on learning media to
improve the spatial abilities of students in the Mathematics Education study program. There are several
previous studies that are relevant to this study, including research by Ummah et al. (2019) . Unlike that
study, this study uses the PjBL. model. In addition, the study used students as research subjects, while in
the other study used students as subjects. In addition, there is a study by Usmeldi (2019) . This study is
also different from this study. This study was specifically conducted on improving students' spatial
abilities, while in that study, it was only mentioned in general on student learning outcomes. In addition,
the subjects in this study were also different from those in the previous study. It is hoped that the novelty
in this study can contribute to the field of mathematics education. More specifically, it is hoped that this
study can prepare Mathematics Education students to be more competent in preparing their abilities as
prospective mathematics teachers.

2. Method

Quantitative methods were used in this study. This is because the main objective of this study is to
determine the level of effectiveness of the implementation of the PjBL model assisted by the Geogebra
application on students' spatial abilities. A quasi-experimental design was carried out in this study in the
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form of using a one-group pretest-posttest experiment. Before the treatment was given, all students were
given a pretest of mathematical spatial abilities. Students were also given a posttest of mathematical
spatial abilities after being given treatment. To determine the increase in students' spatial abilities, the
development of test instruments was also carried out, which were given before and after treatment to
students.

Before the pre-post test of spatial mathematical ability was given to students, content validity was
verified. Content validity was provided by two validators who were lecturers in the field of mathematics
education. The following is the V aiken formula used (1) (Aiken, 1885):

%S

V= m ces (1)
Description:
V' : Rater agreement index regarding item validity
§ : The score assigned by the rater minus the lowest score in the category used
m :Many questions
¢ : There are many categories for raters to choose from.
Next step is to determine the level of validity based on the content validation that has been calculated
using the following V aiken (Retnawati, 20106):

Table 1. Validity Criteria

Indeks Aiken (V) Criteria
V>0,8 Very Valid / High Validity
04<V<08 Medium
V <04 Less Valid

In addition to conducting overall content validation, each question item was also tested. The
test includes the test of item validity, discriminatory power, level of difficulty, and reliability. The test of
item validity was conducted using Karl Pearson product moment correlation with the formula (2)
(T'aherdoost, 2018):

NYXY-EX)EY)

Ty = .. (2
YV JINE X - (EXOBINT Y2 - (R Y)?) @)

The validity of the question items is determined by comparing the calculated r (product-moment ) with the
t-table. If T"yy = Tygpe it is, then the question items can be used. If it does not meet these criteria, then
the question items cannot be used.

After the question is declared usable, the next step is to analyze the question's discrimination
power. using the formula (3) (Asrul; Ananda, 2014):

Description :
D = Discriminant Power

X, = Average score of the upper group

X, = Average score of the lower group
SMI : I1deal maximum score
A classification was then carried out using the following criteria (Ebel & Frisbie, 1991):

Table 2. Criteria for the Distinguishing Power
The questions used ate questions that are good D > 0,30 and categorized as good.

Distinguishing Power Question Criteria
< 0,20 Ugly and unacceptable
0,20 — 0,30 enough and needs improvement
> 0,30 Good and acceptable

In addition to the discrimination power of the questions. The level of difficulty of the questions
can be known through calculations using the following formula (4) (Sudjiono, 2016):
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TK = X
SM
Description :
TK : Difficulty level
X : Average value for each question item

SMI : Ideal Maximum Score
The level of difficulty is then categorized through the ¢

7

-4

lassification:

Table 3. Criteria for the Level of Difficulty of Question Items

Difficulty Level Question Criteria
0,00 - 0,30 Difficult
0,31 -0,70 Medium
0,71 - 1,00 Easy

The final item test conducted was the Cronbach alpha reliability test using the following formula (5)

(Taherdoost, 2018):
_ _k _ zsi?
R {1 - }. 6
Description:
k : Number of questions
5> :The amount of variance of scores for each question item
Stz : Total variance

Front enterpretations are then catried out based on the

following criteria:

Table 4. Reliability Criteria for Question Items

Cronbach's Alpha Information
r<0.20 Very low reliability
0,20 <r <040 Low reliability
0,40 <r<0,70 Moderate reliability
0,70 <7r <0,90 High reliability

0,90 =r <100

Very high reliability

1f the results of the reliability test are obtained > 0,60, then an instrument is said to be reliable. Likewise,

if the results are < 0,60, then it is said to be unreliable.

After conducting validity tests on the overall test items, the discriminating power of the
questions, the level of difficulty, and reliability, the next step is to conduct a posttest on students. The
posttest was conducted after being given treatment in the form of PjBL model learning with the help of
the Geogebra application. From the posttest score, a hypothesis test will be conducted using a paired t-
test using SPSS 26. However, before conducting a paired t-test, a normality and homogeneity test was

conducted as a requirement. Finally, an effectiveness

test was conducted to determine the level of

effectiveness of the implementation of the Geogebra-assisted PjBL model in improving students' spatial

abilities using the following formula:

N Gain =

skor postest—skor pretest

skor ideal—skor pretest

NG,

The level of effectiveness can be determined using the following criteria (Meltzer, 2002):

Table 5. N-Gain Criteria

N-Gain Value Category
g>07 High
03<g=<07 Cutrently
g <07 Low

Learning activities using the PjBL model assisted by Geogebra are said to be effective if the N-gain value

is in the medium or high category.

Students of the Mathematics Education study program of IAIN Kudus, class of 2022/2023 are
the population used in this study. The number of classes involved is three classes, namely classes A, B,
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and C. In determining the research sample, the cluster random sampling technique was used, and two
classes were obtained, namely classes B and C. Meanwhile, class A was used for testing the students'

spatial mathematical ability test instrument in developing learning media before being given to classes B
and C.

3. Results and Discussion
3.1 Research Process

This study was conducted by implementing the PjBL model assisted by the Geogebra
application on learning media to improve the spatial abilities of Tadris Matematika students. In the
implementation process, it was found that there was an increase in students' spatial abilities after the
Geogebra-based learning media creation project was carried out through PjBL and learning media expo
activities. The first step taken in this study was to develop a student spatial ability test instrument. The
instrument was then tested for content validation by two experts. After being declared valid, the
researcher conducted a trial to prove the construct validity, item validity, discrimination power test, and
difficulty level test. The questions that met the criteria in each test were then tested for reliability. After
the instrument was declared valid and reliable, data was collected regarding students' spatial mathematical
abilities before the creation of the learning media project through the PjBL model. The next step is to
apply the PjBL model assisted by Geogebra to the peak activity, namely the learning media expo. The
last step in this study was to provide a posttest to students to find out the results after being exposed to
the PjBL model assisted by Geogebra on their spatial abilities.

There are several steps in the PjBL model according to experts. Some of the steps in the PjBL model
include determining the project, planning project completion steps, prepating a project implementation
schedule, completing the project with teacher monitoring, preparing reports and presentations of project
results, and project evaluation (Anggraini & Wulandari, 2020) . From these steps, they were then
generalized in this activity into steps to ask questions, create project designs, create schedules, monitor
project progress with FGDs, and expo activities, assessments, and project evaluations. These steps are
in line with the steps in the following PjBL model:

3.1.1 Asking Questions: in this step, students are required to identify problems that arise in learning
geometry material at school. The problem identification process is found in previous research
and based on interview results. Based on the problems found, students then hold group
discussions to find effective solutions through media and teaching aids.

3.1.2  Creating Project Design: in this step students are required to create a design for media and
teaching aids as a solution to the existing problems. Several tools, materials, or other needs
needed to create media and teaching aids are also determined at this stage. Several other essential
things are also discussed at this stage, including the product name, product usefulness, and how
the product works are also catried out.

3.1.3 Making a Schedule: to realize the creation of media and teaching aids, at this stage a production
schedule is formulated up to the final and evaluation stages.

Fig 1. Project Schedule Creation Activities

3.1.4 Monitoring Student Project Progress through FGD: this step is taken to see the progress of
media and teaching aids creation by students. In this step, the lecturer also gives students the
opportunity to convey the difficulties experienced during the process of creating media and
teaching aids. From these various difficulties, an FGD was then conducted and it was agreed to
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utilize the Geogebra application to help students create visualizations of shapes to support the
creation of media.

Fig 2. FGD Project Creation Activities

-

3.1.5 Expo, Result Assessment, and Experience Evaluation: this step facilitates students to exhibit the
media and props that have been created. The expo is held openly and attended by the public.
This stage also evaluates group work, both individually and in groups.

3.2 Content Validation Proof)

This content validation was conducted with the aim of measuring the suitability between the theory
and the material and language aspects of the test instrument. There were two validators who provided
an assessment of the validity of the instrument. The following are the results of the content validation
test by experts, calculated using V Aiken:

Table 6. Content Validation Results

. ASSESOR

Grain Rater 1 Rater 2 S1 S2 3s n(c-1) Y Ket
B_1 4 4 3 3 6 6 1 High
B_2 4 4 3 3 6 6 1 High
B_3 4 3 3 2 5 6 0.83 High
B_4 4 3 3 2 5 6 0.83 High
B_5 4 4 3 3 6 6 1 High
Average 0.93 High

Based on Table 3, each test item has a high Aiken V index level. On this basis, the test items can be said
to be valid and can be used for a trial test of students' spatial mathematical abilities in making media and
teaching aids. Based on the validatot's suggestion, the test items can be used for a trial without revision.

3.3 Construct Validation Proof

Construct validation is used to determine the indicators in mathematical spatial ability used in
instruments to measure students' mathematical spatial ability. To prove the validity of this construct, a
confirmatory factor analysis is carried out wizh the help of Lisrel. Precisely, the first-order factor analysis
is used because this validity proof only uses one-level latent variables, namely mathematical spatial ability
based on several observed variables such as spatial visualization, spatial orientation, and spatial relations.

0.33%) Sensifv \\

0.3¢+ Elaborat .

0.204+ Fluency

o.5¢=| eksibl 7

0.€s# Original

Chi-Square=4.81, df=5, P-value=0.44010, RMSEA=0.000

Fig 3. Construct of Mathematical Spatial Ability Theory
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The standard model is shown in Figure 3. Equipped with factor loads (path coefficients from variable
to variable) that are quite high to very high (sequentially starting from the spatial relation variable to
spatial orientation and spatial visualization, namely 0.33, 0.47, and 0.69. This is in accordance with
Retnawati (2016) who explained that the path coefficient is meaningful if the magnitude of the factor
load is not less than 0.4. This condition indicates that the latent variable gets quite a lot of support from
all observed variables. The latent variable in this case is the spatial ability of students. In addition, the
model in Figure 3 is a suitable model because the p-value = 0.44> 0.05 and the RMSEA is close to 0 or
less than 0.08. This is based on the model suitability criteria (goodness of fit) by Schermelleh-Engel et
al. (Schermelleh-Engel, Moosbrugger, & Miiller, 2003). This finding shows that students are said to have
the ability good spatial mathematics in making mathematical media and teaching aids.

3.4 Proof of Validity of Question Items

The validity of a test can be interpreted as the extent to which a test can measure what it should
measure (Utomo, 2019) . The validity test of the question items can be interpreted as the extent to which
the prepated questions can measure students' spatial abilities. The validity of these questions uses the
Karl Pearson Product-Momsent formmla. The results of the validity test:

Table 7. Results of Question Item Validation
Many Question

Criteria Questions Number Information
Tyy = Tegper = 0,3961 5 1,2,3,4,5 Can be used
Ty < Traper = 0,3961 - - Not used

Based on Table 5, Ttqper = 70,05;25-2 = T0,05;23 = 0,3961 it was found that of the 5 question items
that were declared valid because they had 7y, = 0,3961. Thus, the five question items can be used to
measure students' spatial mathematical abilities.

3.5 Discriminant Power

According to Arikunto in Solichin (2017) , According to Arikunto in Solichin (2017), getting an
idea of the abilities of students with high and low abilities is the main objective of conducting a
discrimination power test. The procedure for testing this discriminatory power is to sort the highest
score to the lowest score of students and then divide 27% into the upper group and 27% into the lower
group. The results of the instrument trial analysis can be seen in the table:

Table 8. Results of Differential Power of Question Items

Index Discriminant Many Question Numer Information
Questions
D <0.30 - Not used
D >0.30 5 1,2,3,4,5 Good and usable

Based on the table, it is found that the five questions have a good discriminant index because they are in
the D> 0.3 interval. The five questions can be used to collect data on the pre and post-test.

3.6 Difficulty Level
The difficulty level test was conducted to determine the level of the test items. In this study,
only medium and high levels were used. The following are the calculation results using SPSS:

Table 9. Results of the Level of Difficulty of Question Items

Difficulty Level Manu Question Information
Questions Numer
TK < 0,30 - - -
0,31 < TK < 0,70 1 5 Used
TK > 0,70 4 12,34 Used

From the table above, it can be seen that question number 5 is in the medium criteria and questions
number 1,23, and 4 are in the high criteria. Thus, the five questions can be used to measute students'
spatial abilities.

3.7 Reliability Estimation
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The purpose of the reliability test is to ensure that the measuring instrument used has consistent
results, even though it has been used repeatedly, and is reliable (Anshari, Nasution, Irsyad, Alifa, &
Zuhriyah, 2024) . This reliability test uses the Cronchbach’s alpha formula and the following results are
obtained:

Table 10. Reliability Estimation Results

Reliability Statistics

Cronbach's .
Alpha N of items
0, 850 5

From the SPSS calculation above, it can be seen that the result obtained is 0.850, which is stated as
reliable.

3.8 Classical Assumption Test

Before the data of students' spatial mathematical ability were analyzed using a paired t-test, a
normality test and a homogeneity test were previously conducted as prerequisite tests. The normality test
used the Shapiro Wilk Test on the pretest and posttest data with the help of SPSS 26. The test was used
because the research sample was relatively small. From the normality test, the values were obtained
Pyaie = 0,013 = 0,01 = aon the pretest and Ppgyue = 0,122 = 0,01 = aposttest. From both
values, the decision was made that Ho was accepted. This means that the pretest and posttest groups are
in a normal distribution. The homogeneity test of the pretest and posttest data groups was carried out
using the Lavene test with the help of SPSS 26 and the value was obtained Ppqe = 0,142 > 0,01 =
a. From these values, the decision was made that Ho was accepted and the data was homogeneous.

3.9 Hypothesis Testing
The following are the results of the paired t-test as a continuation after the data was declared
normal and homogeneous, calculated using SPSS:

Table 11. Paired t-Test Results

Group Mean N Std. Deviation Std. Error Mean
Pair 1 Pre 65.4800 50 5.40876 0.76491
a Post 84.0500 50 5.03787 0.71246

It is known from Table 11. that the average value obtained by students in the posttest is greater than the
average value obtained in the pretest. Furthermore, a paired t-test was conducted as a hypothesis test.
From the paired t-test, it was obtained Pyqpe = 0,000 < 0,01 = « in the pretest and posttest groups.
Therefore, the value Pygpyeless than a, then Ho is rejected. This means that there is a statistically
significant difference between students' spatial abilities before and after the implementation of the
Geogebra-assisted PjBL model.

The effectiveness test was conducted after conducting a paired t-test. The following are the
calculation results using SPSS:

Table 12. N-Gain Results

Indicator of spatial abilities Pretest Mean Posttest Mean Difference N Gain
Spatial Petception 2,996 3,608 0.612 0.610
Spatial Visualization 2,864 3.36 0.496 0.437
Mental Rotation 2,696 3.12 0.424 0.325
Spatial Relations 2,396 2.94 0.544 0.339
Spatial Orientation 2.192 2.62 0.428 0.237

If the average calculation is carried out, the average N-Gain is 0.3896 which is categorized as moderate.

There is a significant difference in the average value shown by students who have been given
PjBL learning models with the help of Geogebra and those who have not in the research results. The
average value of students after the PjBL learning model assisted by Geogebra is higher than before the
learning. This means that PjBL learning models assisted by Geogebra can improve students' spatial
abilities. In addition, based on the N-Gain value, it was also found that the effectiveness of the
implementation of PjBL learning models assisted by Geogebra was categorized as moderate. The results
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of the N-Gain value indicate that the implementation of PjBL learning models assisted by Geogebra has
a positive impact on students' spatial mathematical abilities.

The process of creating learning media on geometry material supported by the PjBL model in
the learning process can foster students' innovation and collaboration skills. Before developing media,
students are required to identify several things needed by students and teachers in learning mathematics,
especially in geometry material. Not only that, the ability to think actively to find solutions to problems
is also trained by students through this process. The learning process also encourages students to think
critically in exploring various existing problems. From the problems provided, students can develop
innovative creativity as an alternative solution offered. The PjBL. model with the FGD method also
provides students with the opportunity to provide suggestions for media and teaching aids developed as
solutions to the needs of learning geometry material. With various skills honed through this learning, it
can improve student learning outcomes. This is also in line with the research of Nurhayati, Zuhra, &
Salehha (2021) which found an increase in student learning outcomes through the application of the
PjBL learning model.

Learning with the PjBL model allows for simultaneous learning of theory and practice, resulting
in meaningful learning for students. Through PjBL learning, students' knowledge will be stimulated
through a series of activities that they have done. This will create a sense of being and support the
achievement of learning objectives (Amelia & Aisya, 2021) . In addition, the use of the PjBL model is
also supported by the theories of Piaget and Vygotsky which emphasize that a person's knowledge will
develop if someone gains experience related to the knowledge learned and has developed previous
knowledge (Amelia & Aisya, 2021) . PjBL model learning also begins with problems that make it easier
for students to know the implementation of concepts to solve problems, so that the process of
understanding the concept will be easier (Anggraini & Wulandari, 2020) . So, the implementation of the
PjBL model in learning will provide students with an understanding of the application of mathematical
concepts in solving problems based on their experiences. This understanding will make it easier for
students as prospective mathematics teachers to provide understanding to students regarding the
material that has been studied.

In addition to involving the PjBL model, this learning also involves Geogebra media which
helps students understand the matetial being studied and helps improve their spatial abilities. Geogebra
media helps students understand abstract mathematical concepts and is used as a basis for creating
learning media. This is also supported by Simbolon (2020) who explains that one of the functions of
Geogebra is to provide a visual depiction to provide an understanding of abstract mathematics. With
this visual depiction, students not only find it easy to understand the meaning of a particular concept,
but also allow students to analyze the characteristics of a particular shape or concept. The results of this
analysis and understanding will be a provision for students to teach students later. In addition, Geogebra
can also provide a more varied and attractive appearance (Simbolon, 2020) . With these characteristics,
it will provide a fun and not boring learning atmosphere for students. Geogebra helps students
understand a mathematical concept in a fun and not boring way.

The results of this study support the statement that the implementation of the Geogebra-
assisted PjBL model has a positive impact on students' spatial abilities. Guven & Kosa in Sudirman &
Alghadari (2020) define spatial ability as a person's ability to understand and create a mental image in the
form of shape and space. Through the Geogebra application, students will know the image of a shape
ot space more clearly. Abstraction in mathematics can also be understood through the image. Indirectly,
the use of the Geogebra application helps students imagine an abstract shape to be more real and has a
positive impact on their spatial abilities. This is also supported by Rostina, T, & Simin (2021) who wrote
in their research results that using the Geogebra application can improve students' spatial abilities.
Through this understanding, students can easily create learning media that will be used in teaching
practices at school. Through the PjBL model, students are not only required to understand the concept
of shape in mathematics, but can also create learning media that is a manifestation of their understanding.
So, the implementation of the PjBL model assisted by the Geogebra application provides students with
a better understanding of the material being studied and can be used as a support in developing learning
media.
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Behind the several advantages that have been described, this study still allows for development.
In this study, only an analysis was catried out based on external factors in influencing students' spatial
mathematical abilities. The analysis carried out in this study did not include internal factors that also have
the potential to influence each other on students' spatial mathematical abilities. Therefore, based on this
description, it is necessary to develop an analysis related to several factors that influence students' spatial
abilities, both internally and externally. Through this study, it is also possible to develop learning using
the PjBL model based on the characteristics and needs of students. This statement is also in line with
Larraz-Rabanos (2021) who stated that in the learning process, not only the curriculum and learning
models are considered, but psychological conditions also need to be given special attention to support
the learning process using the chosen model. This learning process requires lecturers to continuously
develop insights and provide learning that is appropriate for students. In addition, assignments given by
lecturers must also be able to require students to think critically, be skilled in solving problems, and be
able to make connections between the material being studied and future needs. These are some of the
things that underlie researchers to take a relatively small research sample.

In this study, not only was the effectiveness test conducted on the implementation of the PjBL
model to support the improvement of students' spatial mathematical abilities, but also produced learning
media that can be used by students for teaching practice in schools. Thus, learning is not only oriented
towards theoretical learning, but also involves practice-based learning that leads to meaningful learning.
Thus, it is hoped that the implementation of the PjBL model assisted by Geogebra can also be applied
to other courses in order to maximize learning objectives.

In addition, this learning also involves the Geogebra application to help students understand the
material. The involvement of the Geogebra application through digital media can provide students with
an understanding that learning does not always utilize a whiteboard or conventional media, but can
integrate technology. Integration of technology in mathematics learning can increase learning efficiency
and help students' understanding of the material being taught. It is hoped that through this learning,
students will be more creative in choosing media as a support in the mathematics learning process.

4. Conclusion

The implementation of the PjBL model has proven effective in improving students' spatial
abilities in learning activities assisted by the Geogebra application. This can be seen from the statistically
significant difference between students' spatial mathematical abilities after and before intervention. In
addition, the value of students' spatial mathematical abilities after intervention was 84.05 and before
intervention 65.48 . This indicates an increase in students' spatial mathematical abilities in developing
mathematics learning media after being exposed to media expo activities through the PjBL model. The
researcher hopes that this research can encourage other researchers to apply other innovative learning
to improve students' spatial abilities.

References

Aiken, L. (1885). Three Coefticients For Analyzing The Reliability And Validity Of Ratings. Educational
and Physological Measurement, 45(1), 131-142.

Amelia, N., & Aisya, N. (2021). Model Pembelajaran Berbasis Proyek (Project Based Learning) Dan
Penerapannya Pada Anak Usia Dini Di Tkit Al-Farabi. BUHUTS AL-ATHFAL.: Jurnal Pendidifan
Dan Anak Usia Dini, 1(2), 181-199. https://doi.otg/10.24952 /alathfal.v1i2.3912

Anggraini, P. D., & Wulandari, S. S. (2020). Analisis Penggunaan Model Pembelajaran Project Based
Learning Dalam Peningkatan Keaktifan Siswa. [urnal Pendidikan Administrasi Perkantoran (JPAP),
9(2), 292-299. https:/ /doi.org/10.26740/jpap.vIn2.p292-299

Anshari, M. 1., Nasution, R., Irsyad, M., Alifa, A. Z., & Zuhriyah, 1. A. (2024). Analisis Validitas dan
Reliabilitas Butir Soal Sumatif Akhir Semester Ganjil Mata Pelajaran PAL Edukatif : Jurnal Limu
Pendidikan, 6(1), 964-975. https:/ /doi.org/10.31004 /edukatif.v6i1.5931

Asrul; Ananda, R. . R. (2014). Evaluasi Pembelajaran. Perdana Mulya Sarana.

Mulyaningrum Lestari er a/. (Implementation of Project-Based Learning (Pjbl) Assisted By Geogebra Application To ...)



Absis: Mathematics Education Journal 42
Vol. 8, No. 1, May 2026, pp. 32-43 ISSN 2686-0104 (print), 2686-0090 (online)

Asryana, A., Sanapiah, S., & Kinasih, I. P. (2017). Pengembangan Media Pembelajaran Interaktif
Menggunakan Geogebra Untuk Meningkatkan Kemampuan Spasial Siswa. Media Pendidikan
Matematika, 5(2), 107. https://doi.org/10.33394/mpm.v5i2.1836

Undang - Undang Republik Indonesia Nomor 14 Tahun 2005 tentang Guru dan Dosen, (2005).

Hasibuan, Siti Yuliana; Hasybi, Aliya Nur; Siregar, Ary Yantyi; Sofiyah, K. (2025). Analisis problematikan
pembelajaran matematika di sekolah dasar. Absani Taqwim: Jurnal Pendidikan Dan Keguruan, 2(2),
326-342.

Husnul Fauzan, & Khairul Anshari. (2024). Studi Literatur: Peran Pembelajaran Matematika Dalam
Pembentukan Karakter Siswa. Jurnal Riset  Rumpun  Iimn  Pendidikan, 3(1), 163-175.
https://doi.org/10.55606/jurtipen.v3i1.2802

Kozma, R. B. (1994). The Influence of Media on Learning : The Debate Continues. Schoo/ Library Media
Qunarterly, 22(4), 1-14.

Kristia, D., Habibi, M., Fidya, Y., & Putra, A. (2021). Analisis sikap dan konsep diri siswa terhadap
matematika ( studi survei pada siswa MTs se-Kabupaten Kerinci ). Jurmal Pendidikan Matematika
Raflesia.

Lanani, K. (2015). Efektivitas Pembelajaran Kooperatif Ditinjau Dari Peningkatan Kemampuan
Penalaran Logis Matematis Siswa. Infinity: Jurnal Iimiah Program Studi Matematika, 4(2), 140-151.

Larraz-Rabanos, N. (2021). Development of Creative Thinking Skills in the Teaching-Learning Process.
In U. Kayapinar (Ed.), Teacher  Education.  IntechOpen.  https://doi.org/doi:
10.5772/intechopen.97780

Luh, N., & Ekayani, P. (2021). Pentingnya penggunaan media siswa. Pentingnya Penggunaan Media
Pembelajaran Untuk Meningkatkan Prestasi Belajar Siswa, March, 1-16.

Maharani, Arita Selly; Nasuhaa, Salsa Umi; Maulida, S. R. (2024). MEDIA PEMBELAJARAN
SEBAGAI ALTERNATIF MENINGKATKAN GAIRAH BELAJAR. Journal BIOnatural, 11(1),
76-83.

Mikrayanti. (2016). Meningkatkan Kemampuan Penalaran Matematis melalui Pembelajaran Berbasis
Masalah. Suska Journal of Mathematics Education, 2(2), 97-102.

Muslimin, M., & Sunardi, S. (2019). Analisis Kemampuan Penalaran Matematika Siswa SMA Pada Materi
Geometri  Ruang.  Kreano,  Jurnal ~ Matematika — Kreatif-Inovatif, — 10(2),  171-178.
https://doi.org/10.15294/kreano.v10i2.18323

Nurhayati, N., Zuhra, F., & Salehha, O. P. (2021). Penerapan Model Pembelajaran Project Based
Learning Berbantuan Geogebra Untuk the Application of Geogebra-Assisted Project Based
Learning Model To Improve Student. JUPITEK (Jurnal Pendidikan Matematika), 4(2), 73—78.

Rostina, T, A. Y., & Simin. (2021). Penggunaan Geogebra untuk Meningkatkan Kemampuan Spasial
pada Materi Bola Siswa Kelas VIII SMP. Jurnal Pendidikan Matematika Indonesia, 6(1), 44-52.

Saputra, E., & Fahrizal, E. (2019). The Development of Mathematics Teaching Materials through
Geogebra Software to Improve Learning Independence. Malikussaleh Journal of Mathematics 1 earning
(MJML). https://doi.org/10.29103/mjml.v2i2.1860

Mulyaningrum Lestari er a/. (Implementation of Project-Based Learning (Pjbl) Assisted By Geogebra Application To ...)



43 Absis: Mathematics Education Journal
ISSN 2686-0104 (print), 2686-0090 (online) Vol. 8., No. 1, May 2026, pp. 32-43

Simbolon, A. K. (2020). Penggunaan Software Geogebra Dalam Meningkatkan Kemampuan Matematis
Siswa Pada Pembelajaran Geometri di SMPN2 Tanjung Morawa. Jurmnal Cendekia : Jurnal Pendidikan
Matematika, 4(2), 1106-1114. https://doi.org/10.31004/ cendekia.v4i2.351

Sofiyah, K., Nasution, N. E., Amelia, A., & Hutagalung, L. A. (2025). Pengaruh Kesadaran Siswa
Terhadap Pentingnya Matematika dalam Karir di Era Digital dan Ekonomi Berbasis Pengetahuan.
Aliansi: Jurnal Hukum, Pendidikan Dan Sosial Humaniora, 2(1), 111-118.

Solichin, M. (2017). Analisis Daya Beda Soal, Taraf Kesukaran, Validitas Butir Tes, Interpretasi Hasil
Tes dan Validitas Ramalan dalam Evaluasi Pendidikan. Dirasat: Jurnal Manajemen & Pendidikan Islam,
2(2), 192-213. www.depdiknas.go.id/evaluasi-proses-

Sudirman, S., & Alghadari, F. (2020). Bagaimana Mengembangkan Kemampuan Spasial dalam
Pembelajaran Matematika di Sekolah?: Suatu Tinjavan Literatur. Journal of Instructional Mathematics,
1(2), 60-72. https://doi.org/10.37640/jim.v1i2.370

Sudjiono, A. (2016). Pengantar Evaluasi Pendidikan. Rajawali Press.

Taherdoost, H. (2018). Validity and Reliability of the Research Instrument; How to Test the Validation
of a Questionnaire/Survey in a Research. SSRIN Electronic Journal.

Ummah, S. K., Inam, A., & Azmi, R. D. (2019). Creating manipulatives: Improving students’ creativity
through project-based learning.  Jowrnal on  Mathematics  Education, 10(1), 93-102.
https://doi.org/10.22342/jme.10.1.5093.93-102

Usmeldi, U. (2019). The Effect of Project-based Learning and Creativity on the Students’ Competence at 1V ocational
High Schools. 299, 14-17. https://doi.org/10.2991 /ictvet-18.2019.4

Utomo, B. (2019). Analisis Validitas Isi Butir Soal sebagai Salah Satu Upaya Peningkatan Kualitas
Pembelajaran di Madrasah Berbasis Nilai-Nilai Islam. Jurnal Pendidikan Matematika (Kudus), 1(2).
https://doi.org/10.21043/jpm.v1i2.4883

Wicaksono, S. (2016). The Development Of Interactive Multimedia Based Learning Using Macromedia
Flash 8 In Accounring Course. Journal of Accounting and Business Education, 1(1), 122—139.

Mulyaningrum Lestari er a/. (Implementation of Project-Based Learning (Pjbl) Assisted By Geogebra Application To ...)



	1. Introduction
	2. Method
	3. Results and Discussion
	3.1 Research Process
	3.2 Content Validation Proof)
	3.3 Construct Validation Proof
	3.4 Proof of Validity of Question Items

	4. Conclusion
	References


