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Available online: October 31*,2026  fully supported by interactive learning media. This study aimed to develop
learning media based on ADLX Introflex assisted by GeoGebra for the topic of
triangle and quadrilateral congruence and to describe its quality in terms of
validity, practicality, and effectiveness. This research employed the Research
and Development (R&D) method using the ADDIE model, consisting of Analyze,
Design, Develop, Implement, and Evaluate stages. A small-scale trial was
conducted at SMPIT Iqro Nogosari, Boyolali, while a large-scale trial was
conducted at SMPIT Nur Hidayah Surakarta, involving eighth-grade students.
Data were collected through interviews, observations, questionnaires,
mathematical problem-solving tests, and learning independence
questionnaires. Data were analyzed descriptively and quantitatively to
determine the validity and practicality of the media, while its effectiveness was
analyzed using a normality test and the Wilcoxon Signed Rank Test on pretest
and posttest results. The results showed that the media obtained mean scores
of 4.79 from material experts and 4.82 from media experts, both categorized as
highly valid. Teacher and student responses indicated that the media was highly
practical. Statistical analysis also showed significant improvements in students’
mathematical problem-solving ability and learning independence. Therefore,
the developed media is valid, practical, and effective for mathematics learning.
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1. Introduction

Mathematics is an important subject in school education for developing students’ thinking and
problem-solving skills (Ding et al., 2024). Mathematical problem-solving ability is an essential
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competency because it involves understanding situations, determining strategies, carrying out
solutions, and evaluating results (Polya, 1973). The National Council of Teachers of Mathematics
(NCTM, 2000) also places problem solving as one of the main process standards in mathematics
education. Therefore, mathematics learning needs to provide experiences that allow students not
merely to receive solution procedures but also to engage actively in thinking, exploring, and
developing solution strategies.

Mathematical problem-solving ability is also related to students’ learning independence. In solving
problems, students need to regulate their learning processes, determine the steps to be taken,
monitor the solution process, and reflect on the results obtained (Zulfah et al., 2025). Zimmerman
(2000) explains that learning independence is associated with students’ ability to regulate their
thoughts, feelings, and actions to achieve learning goals. Learning that provides opportunities for
students to explore, make decisions, and reflect has the potential to support the development of
both problem-solving ability and learning independence (Knowles, 1975).

Rifai et al. (2025) investigated the implementation of an open-ended approach to improve
vocational high school students’ learning independence in mathematics. Their findings showed that
the open-ended approach resulted in greater improvement in learning independence than the
conventional approach. This study highlights the importance of providing students with
opportunities to explore multiple solution strategies and take greater responsibility for their
learning. Nevertheless, it did not specifically examine the integration of GeoGebra-based
interactive media with the ADLX Introflex framework or its combined contribution to
mathematical problem-solving skills and learning independence.

Preliminary observations at SMP Islam Terpadu Iqro Nogosari, Boyolali, indicated that some
students experienced difficulties in solving mathematical problems that required reasoning. These
difficulties included determining appropriate solution strategies and explaining the reasoning
behind their answers. Some students also tended to rely on teachers’ explanations and had limited
opportunities to explore mathematical concepts independently. These conditions highlight the need
for learning media that support both mathematical problem-solving skills and learning
independence.

These conditions indicate the need to increase students’ involvement in the learning process. One
approach that is consistent with these characteristics is Active Deep Learner eXperience (ADLX)
Introflex, which consists of individualization, interaction, observation, and reflection. ADLX
Introflex emphasizes learning experiences through individualization, interaction, observation, and
reflection integrated with the principles of Sajikan, Internalisasikan, and Terapkan (JSIT Indonesia,
2023; Diyanah et al., 2024). These characteristics provide opportunities for students to engage in
active and deep learning experiences (Bahgat, 2018).

The implementation of student-oriented learning requires appropriate learning media to support the
learning process (Smaldino et al., 2012). The use of digital technology can be an alternative to
address this need. In mathematics education, technology can help present abstract concepts through
visual representations and interactive activities (Hadi & Faradillah, 2022). One medium with these
characteristics is GeoGebra. GeoGebra allows students to manipulate geometric objects, observe
changes dynamically, test conjectures, and explore relationships among objects (Juandi et al., 2021;
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Triet & Loc, 2024; Gurmu et al., 2024). These characteristics are consistent with learning that
positions students as active participants and provides opportunities for exploration and reflection.
Astuti et al. (2025) developed a GeoGebra-assisted electronic worksheet using a problem-based
learning approach to improve junior high school students’ numeracy literacy and learning
activeness. Their findings indicated that the developed worksheet met the criteria for validity,
practicality, and effectiveness. This study demonstrates the potential of integrating GeoGebra into
digital mathematics learning materials to support students’ active engagement and mathematical
learning outcomes. However, the study focused on numeracy literacy and learning activeness rather
than mathematical problem-solving skills and learning independence within an ADLX Introflex
framework.

Triangle and quadrﬂateral congruence is a geometry topic that is relevant to the use of GeoGebra.
Understanding congruence requires not only the ability to recall congruence criteria but also the
ability to visualize relationships among geometrlc figures and identify correspondlng sides and
angles. Putri et al. (2019) reported the use of GeoGebra in teaching triangle congruence to eighth-
grade students through learning activities designed to explore different cases of congruence.
GeoGebra provides learning experiences through movable and manipulable geometric objects,
allowing students to directly observe relationships among geometric elements.

Several studies have demonstrated the potential of ADLX Introflex to support active and reflective
learning (Kontesa et al., 2023; Diyanah et al., 2024; Nurgenti & Wahyudi, 2025). Meanwhile,
studies on GeoGebra have shown that the software can support mathematics learning through
dynamic visualization and manipulation of objects (Juandi et al., 2021; Triet & Loc, 2024; Gurmu
et al., 2024). However, studies integrating the characteristics of ADLX Introflex with GeoGebra in
mathematics learning, particularly to facilitate students’ mathematical problem-solving ability and
learning independence in the context of Integrated Islamic Schools, remain limited. This gap
provides an opportunity to develop learning media that not only utilize technology to visualize
mathematical concepts but are also deliberately designed around individualization, interaction,
observation, and reflection as components of students’ learning experiences.

This study developed mathematics learning media based on ADLX Introflex assisted by GeoGebra
for teaching triangle and quadrilateral congruence to eighth-grade students at an Integrated Islamic
Junior High School. The novelty of this study lies in integrating the characteristics of ADLX
Introflex into digital learning media assisted by GeoGebra, so that geometric exploration activities
are not conducted independently but are directed toward active, deep, interactive, and reflective
learning experiences. The developed media is also oriented toward supporting students’
mathematical problem-solving ability and learning independence.

Although previous studies have demonstrated the potential of GeoGebra-based learning materials
to support mathematics learning and the effectiveness of innovative learning approaches in
promoting learning independence, further research is needed to integrate these aspects within a
coherent instructional framework. The present study addresses this gap by developing GeoGebra-
assisted mathematics learning media based on ADLX Introflex for triangle and quadrilateral
congruence. Its distinctive contribution lies in translating the four Introflex components—
Individualization, Interaction, Observation, and Reflection—into concrete learning activities
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designed to support both mathematical problem-solving skills and learning independence among
eighth-grade students in Islamic integrated junior high schools.

This development study aimed to produce ADLX Introflex-based mathematics learning media
assisted by GeoGebra that meets the criteria of validity, practicality, and effectiveness and is
oriented toward students’ mathematical problem-solving ability and learning independence in
triangle and quadrilateral congruence.

2. Methods

This study employed a research and development (R&D) design aimed at producing ADLX
Introflex-based mathematics learning media assisted by GeoGebra for teaching triangle and
quadrilateral congruence. The developed media was oriented toward students’ mathematical
problem-solving ability and learning independence.

The development model used was the ADDIE model, which provides a systematic development
process from needs analysis to product evaluation (Branch, 2009). In the Analyze stage, an analysis
of needs, curriculum, learning materials, and available resources was conducted. The needs
analysis involved observations and interviews with a mathematics teacher to identify problems
encountered in the learning process. In the Design stage, the learning media was designed based
on the results of the analysis. The design included the learning sequence, interactive activities,
research instruments, and learning strategies based on ADLX Introflex. In the Development stage,
the design was realized into interactive learning media. The media was then validated by material
and media experts and revised based on their feedback.

In the Implementation stage, the revised product was used in the learning process. Implementation
consisted of a limited trial and a field trial to obtain data regarding the practicality and effectiveness
of the media. In the Evaluation stage, formative and summative evaluations were conducted.
Formative evaluation was used to improve the product based on validation and trial results, whereas
summative evaluation was conducted to determine the effectiveness of the media after its
implementation in learning.

The effectiveness evaluation employed a one-group pretest—posttest design involving 30 eighth-
grade students. Students’ mathematical problem-solving ability and learning independence were
measured before and after the implementation of the ADLX Introflex-based GeoGebra learning
media. The pretest and posttest scores were analyzed using the Wilcoxon signed-rank test to
examine differences between the two measurements. Because the evaluation did not include a
comparison group, the findings were interpreted as evidence of changes following implementation
rather than definitive evidence that the learning media alone caused the improvements.

ADLX Introflex was integrated into the media through activities that encouraged students to
explore geometric objects, reflect on the results of their exploration, and strengthen their conceptual
understanding. GeoGebra served as an interactive environment that enabled students to manipulate
geometric objects and directly observe geometric relationships.

The limited trial involved 10 eighth-grade students from SMPIT Iqro Nogosari who were selected
purposively. This trial aimed to obtain initial information regarding the readability, ease of use,
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and implementation of the media. The field trial was conducted in one eighth-grade class at SMPIT
Nur Hidayah Surakarta involving 30 students. The participants were selected purposively based on
student characteristics and recommendations from the mathematics teacher.

Data were collected using expert validation sheets, teacher and student response questionnaires,
learning implementation observation sheets, mathematical problem-solving ability tests, and
learning independence questionnaires. Each instrument was used to obtain data related to the
corresponding aspects of product quality.

The validation sheets were used to determine the validity of the media. The response questionnaires
and observation sheets were used to determine its practicality, while the mathematical problem-
solving ability test and learning independence questionnaire were used to determine its
effectiveness.

The data were analyzed quantitatively and qualitatively. Quantitative data consisting of validation
scores, user responses, learning implementation scores, test results, and learning independence
scores were analyzed descriptively and inferentially. Product validity was determined based on the
average scores provided by the experts. Practicality was determined based on the percentages of
teacher and student responses and learning implementation, referring to predetermined criteria
(Tarwana, 2018).

The effectiveness of the media was assessed based on improvements in students’ mathematical
problem-solving ability and learning independence. Effectiveness was also determined based on
the achievement of classical learning mastery. The effectiveness analysis began with a normality
test. Normally distributed data were analyzed using a paired-samples t-test, whereas non-normally
distributed data were analyzed using the Wilcoxon signed-rank test (Walpole, 2012). A proportion
test was used to determine the achievement of classical learning mastery. Qualitative data in the
form of comments and suggestions from validators, teachers, and students were analyzed
descriptively and used as a basis for improving the developed media.

3. Result and Discussion
3.1 Development of ADLX Introflex-Assisted GeoGebra Learning Media

The development of the learning media was conducted using the ADDIE model, consisting of the
Analyze, Design, Development Implementatlon and Evaluation stages The analysis stage
identified the need for interactive learmng media that could facilitate active, meaningful, and
independent learning while supporting students' mathematical problem-solving abilities. The
analysis of curriculum and learning materials showed that triangle and quadrilateral congruence
was appropriate for development using GeoGebra because geometric concepts can be visualized
and manipulated dynamically.

The media was designed by integrating the principles of Active Learning, Deep Learning, and
Learner Experience within the ADLX framework and the Individualization, Interaction,
Observation, and Reflection principles of Introflex. The learning activities were also organized
through the Terpadu approach consisting of Telaah, Eksplorasi, Rumuskan, Presentasikan,
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Aplikasikan, Duniawi, and Ukhrowi. These principles were implemented through interactive
exploration, guiding questions, discussions, problem-solving activities, feedback, and reflection.

Figur 1. Geogebra Book display
Kekongruenan Segitiga dan Segiempat
Author: Utari Vitriawati [FMIPA 2025

Topic: Congruence, Mathematics

Aktivitas yang berada pada buku ini, untuk pembelajaran matematika kelas VIII
Materi Kekongruenan Segitiga dan Segi Empat

The developed product was presented as a GeoGebra Book containing learning objectives, an
introduction, triangle and quadrilateral congruence materials, interactive GeoGebra activities,
problem-solving exercises, and reflection activities. Students could manipulate geometric objects
through translation, reflection, and rotation to observe the relationships between corresponding
sides, angles, shapes, and positions. For triangle congruence, the media included SSS, SAS, ASA,
and AAS conditions. The media was also equipped with a Check My Answer feature and activities
that supported independent learning by allowing students to explore concepts, monitor their
answers, and reflect on their learning.

3.2 Product Validity and Practicality

The validity of the developed media was evaluated by material and media experts. The material
validation obtained an average score of 4.79 and was categorized as very valid. The media
validation obtained an average score of 4.82 and was also categorized as very valid. These results
indicate that the developed media met the criteria of content suitability, mathematical accuracy,
language clarity, visual presentation, interactivity, navigation, and compatibility with the ADLX
Introflex framework.

Table 1. Validity Results of the Developed Media

Aspect Average Score Category
Material validity ~ 4.79 Very valid
Media validity 4.82 Very valid

Source : Research results
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Following expert validation, several revisions were conducted, including improvements to the
guidebook cover, consistency of transformation terminology, explicit presentation of
Individualization, Interaction, Observation, and Reflection activities, and clarification of
instructions for the GeoGebra exploration activities.

The practicality of the media was assessed through teacher and student responses. The teacher
response obtained a percentage of 92.3%, categorized as very practical, while the student response
obtained 93.31%, also categorized as very practical. These findings indicate that the media was
considered easy to use, clearly presented, attractive, useful, and supportive of mathematics learning
activities. The small-scale trial involving 10 students was conducted to identify readability,
usability, and clarity of instructions before the product was implemented in the larger-scale trial.

Table 2. Practicality Results of the Developed Media

Respondent Percentage Category
Teacher 92.30% Very practical
Students 93.31% Very practical

Source : Research results

3.3 Effectiveness of the Media on Mathematical Problem-Solving Ability

The effectiveness of the media in improving students' mathematical problem-solving ability was
examined through pretest and posttest scores involving 30 students. The data were analyzed using
the Wilcoxon Signed Rank Test because the Shapiro-Wilk normality test indicated that both pretest

and posttest data were not normally distributed.

Table 3. Descriptive Statistics of Mathematical Problem-Solving Scores

Statistic Pretest Posttest
Mean 62.97 76.10
Median 65.50 75.00
Standard deviation 7.72 8.39
Minimum 40 50
Maximum 75 95

Source : Research results

The Wilcoxon test resulted in a Z value of —4.789 with an Asymp. Sig. (2-tailed) value of 0.000 (p
< 0.05). The results showed 30 positive ranks, with no negative ranks and no ties, indicating that
all students obtained higher posttest scores than pretest scores. Therefore, there was a statistically
significant difference between students' mathematical problem-solving ability before and after
using the developed media.
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Table 4. Effectiveness Results for Mathematical Problem-Solving Ability

Indicator Result
Sample 30 students
Positive ranks 30
Negative ranks 0
Ties 0
Wilcoxon Z —4.789
Sig. (2-tailed) 0.000
Classical mastery 86.67%
Mastery criterion >70%

Source : Research results

The effectiveness was also examined through classical mastery. A total of 26 out of 30 students
achieved the predetermined mastery criterion of 75, resulting in a classical mastery percentage of
86.67%. The one- sample proportion test showed that this proportion was significantly hlgher than
the predetermined criterion of 70%. Thus, the developed media met the effectiveness criterion in
terms of students' mathematical problem-solving ability.

3.4 Effectiveness of the Media on Students' Learning Independence
The effectiveness of the media in supporting students' learning independence was also analyzed
using pretest and posttest scores. Because the data did not meet the normality assumption, the

Wilcoxon Signed Rank Test was applied.

Table 5. Descriptive Statistics of Students' Learning Independence Scores

Statistic Pretest Posttest
Mean 60.24 77.63
Median 59.20 79.20
Standard deviation 393 5.22
Minimum 55.20 64.00
Maximum 67.20 84.80

Source : Research results

The analysis resulted in a Z value of —4.785 with an Asymp. Sig. (2-tailed) value of 0.000 (p <
0.05). The results showed 30 positive ranks, no negative ranks, and no ties, indicating that all
students experienced an increase in their learning independence scores after using the developed
media.
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Table 6. Effectiveness Results for Students' Learning Independence

Indicator Result
Sample 30 students
Positive ranks 30
Negative ranks 0
Ties 0
Wilcoxon Z —4.785
Sig. (2-tailed) 0.000
Classical mastery 90%
Mastery criterion >70%

Source : Research results

The classical mastery analysis showed that 27 of 30 students achieved the predetermined criterion,
resulting in a percentage of 90%. The one-sample proportion test indicated that the proportion was
significantly higher than 70%. Therefore, the developed media fulfilled the effectiveness criterion
in terms of students' learning independence.

3.5 Discussion

The findings indicate that the developed ADLX Introflex-assisted GeoGebra learmng media
fulfilled the criteria of Vahdlty, practlcahty, and effectiveness. The high validity scores demonstrate
that the media was appropriate in terms of content, presentation, visual demgn and learnlng
characteristics. The practicality results indicate that both teachers and students were able to use the
media effectively during learning activities.

The effectiveness of the media can be attributed to the integration of dynamic GeoGebra
visualization and ADLX Introflex learning activities. GeoGebra allowed students to directly
manipulate geometric objects and observe changes in position and orientation while maintaining
their shape and size. Such activities provided opportunities for students to explore, test conjectures,
identify relationships, and construct an understanding of congruence before applying the concepts
to mathematical problems.

The results of the present study also relate to the research conducted by Khotimah et al. (2026),
which examined digital learning media assisted by GeoGebra Classroom within a project-based
learning approach. Both studies highlight the potential of GeoGebra-supported digital media in
mathematics education. However, the present study differs in its instructional framework,
mathematical topic, and learning outcomes. Rather than focusing on project-based learning and
mathematics learning outcomes in trigonometry, the present study integrates ADLX Introflex into
learning activities on triangle and quadrilateral congruence, with particular attention to
mathematical problem-solving skills and learning independence.

The integration of Individualization, Interaction, Observation, and Reflection also supported
students' learning independence. Individualization allowed students to learn according to their own
pace, while Interaction encouraged communication and discussion during learning activities.
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Observation was facilitated through dynamic visualization of geometric objects, and Reflection
was supported through guiding questions, Check My Answer, problem-solving activities, and
learning reflection. These characteristics provided students with opportunities to monitor and
evaluate their own learning processes.

The significant improvement in mathematical problem-solving ability is consistent with previous
findings regarding the use of GeoGebra in mathematics learning. The results also support the
ADLX perspective that active and meaningful learning experiences can facilitate deeper
understanding. The novelty of this study lies in the integration of ADLX Introflex principles with
GeoGebra within a single learning media specifically developed for triangle and quadrilateral
congruence. The integration not only facilitates visualization of geometric concepts but also
provides structured learning experiences aimed at developing mathematical problem-solving
ability and learning independence.

The improvement in students’ learning independence observed in the present study can also be
discussed in relation to the findings of Rifai et al. (2025), who reported that an open-ended learning
approach led to greater improvement in vocational high school students’ learning independence
than the conventional approach. Both studies emphasize the importance of learning experiences
that encourage students to take an active role in their learning. However, the present study
approaches this goal through GeoGebra-assisted media based on ADLX Introflex, which
incorporates individualization, interaction, observation, and reflection into mathematics learning
activities.

Nevertheless, this study has several limitations. The developed media was limited to triangle and
quadrilateral congruence for Grade VIII students. Some students did not have personal devices and
therefore had to use shared devices or school facilities. The relatively short research period also
limited repeated and more extensive trials. In addition, the large-scale trial involved only one class,
so the findings should be interpreted within the context of the research participants and cannot yet
be generalized to a wider population.

4. Conclusion

Based on the results of the research and development, a mathematics learning media based on
ADLX Introflex and assisted by GeoGebra was developed for teaching triangle and quadrilateral
congruence to eighth-grade students at an integrated Islamic junior high school (SMPIT). The
media integrates the principles of Active Learning, Deep Learning, and Learner Experience, as
well as the components of individualization, interaction, observation, and reflection through
GeoGebra exploration activities, guiding questions, Check My Answer features, problem-solving
exercises, and evaluation activities.

The developed media met the criteria of very valid, very practical, and effective. Its validity was
demonstrated by the average scores of 4.79 from the material experts and 4.82 from the media
experts. Its practicality was indicated by a teacher response rate of 92.3%, a student response rate
0f93.31%, and the implementation of learning activities in the very good category. Its effectiveness
was demonstrated by a significant difference between the pretest and posttest results in students’
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mathematical problem-solving skills and learning independence, as well as the achievement of
learning mastery by more than 70% of the students.

The media can be utilized by teachers as an alternative for interactive mathematics instruction and
by students to support concept exploration, problem solving, and independent learning. Schools
are expected to support the use of digital learning media by providing adequate facilities and
infrastructure. Future researchers may develop ADLX Introflex-based learning media assisted by
GeoGebra for different topics and educational levels, while incorporating more adaptive features,
such as automated feedback and difficulty-level adjustment.
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	1. Introduction
	Mathematics is an important subject in school education for developing students’ thinking and problem-solving skills (Ding et al., 2024). Mathematical problem-solving ability is an essential competency because it involves understanding situations, det...
	Matheimatical probleim-solving ability is also reilateid to studeints’ leiarning indeipeindeincei. In solving probleims, studeints neieid to reigulatei theiir leiarning proceisseis, deiteirminei thei steips to bei takein, monitor thei solution proceis...
	Rifai et al. (2025) investigated the implementation of an open-ended approach to improve vocational high school students’ learning independence in mathematics. Their findings showed that the open-ended approach resulted in greater improvement in learn...
	Preliminary observations at SMP Islam Terpadu Iqro Nogosari, Boyolali, indicated that some students experienced difficulties in solving mathematical problems that required reasoning. These difficulties included determining appropriate solution strateg...
	Theisei conditions indicatei thei neieid to increiasei studeints’ involveimeint in thei leiarning proceiss. Onei approach that is consisteint with theisei characteiristics is Activei Deieip Leiarneir eiXpeirieincei (ADLX) Introfleix, which consists of...
	Thei impleimeintation of studeint-orieinteid leiarning reiquireis appropriatei leiarning meidia to support thei leiarning proceiss (Smaldino eit al., 2012). Thei usei of digital teichnology can bei an alteirnativei to addreiss this neieid. In matheima...
	Astuti et al. (2025) developed a GeoGebra-assisted electronic worksheet using a problem-based learning approach to improve junior high school students’ numeracy literacy and learning activeness. Their findings indicated that the developed worksheet me...
	Trianglei and quadrilateiral congrueincei is a geiomeitry topic that is reileivant to thei usei of GeioGeibra. Undeirstanding congrueincei reiquireis not only thei ability to reicall congrueincei criteiria but also thei ability to visualizei reilation...
	Seiveiral studieis havei deimonstrateid thei poteintial of ADLX Introfleix to support activei and reifleictivei leiarning (Konteisa eit al., 2023; Diyanah eit al., 2024; Nurgeinti & Wahyudi, 2025). Meianwhilei, studieis on GeioGeibra havei shown that ...
	This study deiveilopeid matheimatics leiarning meidia baseid on ADLX Introfleix assisteid by GeioGeibra for teiaching trianglei and quadrilateiral congrueincei to eiighth-gradei studeints at an Inteigrateid Islamic Junior High School. Thei noveilty of...
	Although previous studies have demonstrated the potential of GeoGebra-based learning materials to support mathematics learning and the effectiveness of innovative learning approaches in promoting learning independence, further research is needed to in...
	This deiveilopmeint study aimeid to producei ADLX Introfleix-baseid matheimatics leiarning meidia assisteid by GeioGeibra that meieits thei criteiria of validity, practicality, and eiffeictiveineiss and is orieinteid toward studeints’ matheimatical pr...
	2. Methods
	This study eimployeid a reiseiarch and deiveilopmeint (R&D) deisign aimeid at producing ADLX Introfleix-baseid matheimatics leiarning meidia assisteid by GeioGeibra for teiaching trianglei and quadrilateiral congrueincei. Thei deiveilopeid meidia was ...
	Thei deiveilopmeint modeil useid was thei ADDIEi modeil, which provideis a systeimatic deiveilopmeint proceiss from neieids analysis to product eivaluation (Branch, 2009). In thei Analyzei stagei, an analysis of neieids, curriculum, leiarning mateiria...
	In thei Impleimeintation stagei, thei reiviseid product was useid in thei leiarning proceiss. Impleimeintation consisteid of a limiteid trial and a fieild trial to obtain data reigarding thei practicality and eiffeictiveineiss of thei meidia. In thei ...
	The effectiveness evaluation employed a one-group pretest–posttest design involving 30 eighth-grade students. Students’ mathematical problem-solving ability and learning independence were measured before and after the implementation of the ADLX Introf...
	ADLX Introfleix was inteigrateid into thei meidia through activitieis that eincourageid studeints to eixplorei geiomeitric objeicts, reifleict on thei reisults of theiir eixploration, and streingthein theiir conceiptual undeirstanding. GeioGeibra seir...
	Thei limiteid trial involveid 10 eiighth-gradei studeints from SMPIT Iqro Nogosari who weirei seileicteid purposiveily. This trial aimeid to obtain initial information reigarding thei reiadability, eiasei of usei, and impleimeintation of thei meidia. ...
	Data weirei colleicteid using eixpeirt validation sheieits, teiacheir and studeint reisponsei queistionnaireis, leiarning impleimeintation obseirvation sheieits, matheimatical probleim-solving ability teists, and leiarning indeipeindeincei queistionna...
	Thei validation sheieits weirei useid to deiteirminei thei validity of thei meidia. Thei reisponsei queistionnaireis and obseirvation sheieits weirei useid to deiteirminei its practicality, whilei thei matheimatical probleim-solving ability teist and ...
	Thei data weirei analyzeid quantitativeily and qualitativeily. Quantitativei data consisting of validation scoreis, useir reisponseis, leiarning impleimeintation scoreis, teist reisults, and leiarning indeipeindeincei scoreis weirei analyzeid deiscrip...
	Thei eiffeictiveineiss of thei meidia was asseisseid baseid on improveimeints in studeints’ matheimatical probleim-solving ability and leiarning indeipeindeincei. Eiffeictiveineiss was also deiteirmineid baseid on thei achieiveimeint of classical leia...
	3. Result and Discussion
	3.1 Development of ADLX Introflex-Assisted GeoGebra Learning Media
	Thei deiveilopmeint of thei leiarniing meidiia was conducteid usiing thei ADDIiEi modeil, consiistiing of thei Analyzei, Deisiign, Deiveilopmeint, Iimpleimeintatiion, and Eivaluatiion stageis. Thei analysiis stagei iideintiifiieid thei neieid for iint...
	Thei meidiia was deisiigneid by iinteigratiing thei priinciipleis of Actiivei Leiarniing, Deieip Leiarniing, and Leiarneir Eixpeiriieincei wiithiin thei ADLX frameiwork and thei Iindiiviidualiizatiion, Iinteiractiion, Obseirvatiion, and Reifleictiion ...
	Fiigur 1. Geiogeibra Book diisplay
	Thei deiveilopeid product was preiseinteid as a GeioGeibra Book contaiiniing leiarniing objeictiiveis, an iintroductiion, triianglei and quadriilateiral congrueincei mateiriials, iinteiractiivei GeioGeibra actiiviitiieis, probleim-solviing eixeirciise...
	3.2 Product Validity and Practicality
	Thei valiidiity of thei deiveilopeid meidiia was eivaluateid by mateiriial and meidiia eixpeirts. Thei mateiriial valiidatiion obtaiineid an aveiragei scorei of 4.79 and was cateigoriizeid as veiry valiid. Thei meidiia valiidatiion obtaiineid an aveir...
	Table 1. Validity Results of the Developed Media
	Sourcei : Reiseiarch reisults
	Followiing eixpeirt valiidatiion, seiveiral reiviisiions weirei conducteid, iincludiing iimproveimeints to thei guiideibook coveir, consiisteincy of transformatiion teirmiinology, eixpliiciit preiseintatiion of Iindiiviidualiizatiion, Iinteiractiion, ...
	Thei practiicaliity of thei meidiia was asseisseid through teiacheir and studeint reisponseis. Thei teiacheir reisponsei obtaiineid a peirceintagei of 92.3%, cateigoriizeid as veiry practiical, whiilei thei studeint reisponsei obtaiineid 93.31%, also ...
	Table 2. Practicality Results of the Developed Media
	Sourcei : Reiseiarch reisults
	3.3 Effectiveness of the Media on Mathematical Problem-Solving Ability
	Thei eiffeictiiveineiss of thei meidiia iin iimproviing studeints' matheimatiical probleim-solviing abiiliity was eixamiineid through preiteist and postteist scoreis iinvolviing 30 studeints. Thei data weirei analyzeid usiing thei Wiilcoxon Siigneid R...
	Table 3. Descriptive Statistics of Mathematical Problem-Solving Scores
	Sourcei : Reiseiarch reisults
	Thei Wiilcoxon teist reisulteid iin a Z valuei of −4.789 wiith an Asymp. Siig. (2-taiileid) valuei of 0.000 (p < 0.05). Thei reisults showeid 30 posiitiivei ranks, wiith no neigatiivei ranks and no tiieis, iindiicatiing that all studeints obtaiineid h...
	Table 4. Effectiveness Results for Mathematical Problem-Solving Ability
	Sourcei : Reiseiarch reisults
	Thei eiffeictiiveineiss was also eixamiineid through classiical masteiry. A total of 26 out of 30 studeints achiieiveid thei preideiteirmiineid masteiry criiteiriion of 75, reisultiing iin a classiical masteiry peirceintagei of 86.67%. Thei onei-sampl...
	3.4 Effectiveness of the Media on Students' Learning Independence
	Thei eiffeictiiveineiss of thei meidiia iin supportiing studeints' leiarniing iindeipeindeincei was also analyzeid usiing preiteist and postteist scoreis. Beicausei thei data diid not meieit thei normaliity assumptiion, thei Wiilcoxon Siigneid Rank Te...
	Table 5. Descriptive Statistics of Students' Learning Independence Scores
	Sourcei : Reiseiarch reisults
	Thei analysiis reisulteid iin a Z valuei of −4.785 wiith an Asymp. Siig. (2-taiileid) valuei of 0.000 (p < 0.05). Thei reisults showeid 30 posiitiivei ranks, no neigatiivei ranks, and no tiieis, iindiicatiing that all studeints eixpeiriieinceid an iin...
	Table 6. Effectiveness Results for Students' Learning Independence
	Sourcei : Reiseiarch reisults
	Thei classiical masteiry analysiis showeid that 27 of 30 studeints achiieiveid thei preideiteirmiineid criiteiriion, reisultiing iin a peirceintagei of 90%. Thei onei-samplei proportiion teist iindiicateid that thei proportiion was siigniifiicantly hi...
	3.5 Discussion
	Thei fiindiings iindiicatei that thei deiveilopeid ADLX Iintrofleix-assiisteid GeioGeibra leiarniing meidiia fulfiilleid thei criiteiriia of valiidiity, practiicaliity, and eiffeictiiveineiss. Thei hiigh valiidiity scoreis deimonstratei that thei meid...
	Thei eiffeictiiveineiss of thei meidiia can bei attriibuteid to thei iinteigratiion of dynamiic GeioGeibra viisualiizatiion and ADLX Iintrofleix leiarniing actiiviitiieis. GeioGeibra alloweid studeints to diireictly maniipulatei geiomeitriic objeicts ...
	The results of the present study also relate to the research conducted by Khotimah et al. (2026), which examined digital learning media assisted by GeoGebra Classroom within a project-based learning approach. Both studies highlight the potential of Ge...
	Thei iinteigratiion of Iindiiviidualiizatiion, Iinteiractiion, Obseirvatiion, and Reifleictiion also supporteid studeints' leiarniing iindeipeindeincei. Iindiiviidualiizatiion alloweid studeints to leiarn accordiing to theiiir own pacei, whiilei Iinte...
	Thei siigniifiicant iimproveimeint iin matheimatiical probleim-solviing abiiliity iis consiisteint wiith preiviious fiindiings reigardiing thei usei of GeioGeibra iin matheimatiics leiarniing. Thei reisults also support thei ADLX peirspeictiivei that ...
	The improvement in students’ learning independence observed in the present study can also be discussed in relation to the findings of Rifai et al. (2025), who reported that an open-ended learning approach led to greater improvement in vocational high ...
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	4. Conclusion
	Baseid on thei reisults of thei reiseiarch and deiveilopmeint, a matheimatiics leiarniing meidiia baseid on ADLX Iintrofleix and assiisteid by GeioGeibra was deiveilopeid for teiachiing triianglei and quadriilateiral congrueincei to eiiighth-gradei st...
	Thei deiveilopeid meidiia meit thei criiteiriia of veiry valiid, veiry practiical, and eiffeictiivei. Iits valiidiity was deimonstrateid by thei aveiragei scoreis of 4.79 from thei mateiriial eixpeirts and 4.82 from thei meidiia eixpeirts. Iits practi...
	Thei meidiia can bei utiiliizeid by teiacheirs as an alteirnatiivei for iinteiractiivei matheimatiics iinstructiion and by studeints to support conceipt eixploratiion, probleim solviing, and iindeipeindeint leiarniing. Schools arei eixpeicteid to supp...
	5. References
	Bahgat, Mohameid, Ashraf Eilsafty, Ashraf Shaarawy, dan Tameir Saiid. (2018). Fiirst Frameiwork Deisiign and Faciiliitatei Actiivei Deieip Leiarneir eExpeiriieincei. Journal of Eiducatiion and Traiiniing Studiieis 6 (8): 123. https://doii.org/10.11114...
	Branch, R. M. (2009). Iinstructiional deisiign: Thei ADDIiEi approach. Spriingeir. https://doii.org/10.1007/978-0-387-09506-6
	Diing, Y., Klapp, A., & Yang Hansein, K. (2024). Thei iimportancei of matheimatiics seilf-conceipt and seilf-eiffiicacy for matheimatiics achiieiveimeint: A compariison beitweiein publiic and iindeipeindeint schools iin Sweidein. Eiducatiional Psychol...
	Diiyanah, Riif’atud, Kusumawatii, Eindah Trii, & Leistarii, Yayuk Srii. 2024. Peineirapan Peimbeilajaran Beirbasiis ADLX Teirpadu Beirdiifeireinsiiasii untuk Meiniingkatkan Hasiil Beilajar Algoriitma Peimrograman Scratch Siiswa. 5(1), 14-27.
	Dyana Astuti, Yumiati, & Sudirman. (2025). Development of Problem-Based E-Worksheet Assisted by GeoGebra to Improve Numeracy Literacy and Student Learning Activeness in Junior High School. EduMatSains : Jurnal Pendidikan, Matematika Dan Sains, 10(1), ...
	Gurmu, F., Tugei, C., & Hundei, A. B. (2024). Eiffeicts of GeioGeibra-assiisteid iinstructiional meithods on studeints’ conceiptual undeirstandiing of geiomeitry. Cogeint Eiducatiion, 11(1), 2379745. https://doii.org/10.1080/2331186X.2024.2379745
	Hadii, W., & Faradiillah, A. (2022). Iimpleimeintatiion of GeioGeibra onliinei baseid on guiideid iinquiiry to iincreiasei probleim solviing abiiliity and studeint leiarniing iindeipeindeincei. AKSIiOMA: Jurnal Program Studii Peindiidiikan Mateimatiik...
	Husnul Khotimah, Amin Harahap, & Lily Rohanita Hasibuan. (2026). The Effectiveness of Digital Learning Media Based on Project Based Learning Assisted by Geogebra Classroom on Mathematics Learning Outcomes of Vocational High School Students. EduMatSain...
	JSIiT Iindoneisiia. (2023). Standar Mutu Keikhasan Seikolah Iislam Teirpadu. Harliis Kurniiawan (Eid). JSIiT Iindoneisiia Publiishiing.
	Juandii, D., Kusumah, Y. S., Tamur, M., Peirbowo, K. S., & Wiijaya, T. T. (2021). A meita-analysiis of GeioGeibra softwarei deicadei of assiisteid matheimatiics leiarniing: What to leiarn and wheirei to go? Heiliiyon, 7(6), ei06953. https://doii.org/1...
	Knowleis, M. S. (1975). Seilf-diireicteid leiarniing: A guiidei for leiarneirs and teiacheirs. Neiw York: Associiatiion Preiss.
	Konteisa, D. A., Miinsiih, & Fuadii, D. (2023). Peineirapan peindeikatan peimbeilajaran Actiivei Deieip Leiarneir Eixpeiriieincei dalam meimbangun keimandiiriian beilajar siiswa seikolah dasar. Jurnal Eileimeintariia Eidukasiia, 6(3), 1416–1427. https...
	Natiional Counciil of Teiacheirs of Matheimatiics (NCTM). (2000). Priinciipleis and standards for school matheimatiics. Reiston, VA: NCTM.
	Nurgeintii, S., & Wahyudii, A. (2025). Iimpleimeintasii peimbeilajaran PAIi beirbasiis ADLX Iintrofleix dii SMAIiT Iishlahul Ummah Prabumuliih. Muaddiib: Jurnal Studii Keipeindiidiikan dan Keiiislaman, 7(2), 1–10. https://doii.org/10.46773/muaddiib.v7...
	Polya, G. (1973). How to solvei iit: A neiw aspeict of matheimatiical meithod. Priinceiton Uniiveirsiity Preiss.
	Putrii, N. A. S., Faradiiba, S. S., & Khaiirunniisa, G. F. (2024). Studeints' matheimatiical probleim-solviing abiiliity of class-VIiIiIi through thei GeioGeibra-assiisteid POGIiL leiarniing modeil. Iinteirnatiional Journal on Eimeirgiing Matheimatiic...
	Rifai, R., Turmudi, Jarnawi Afgani Dahlan, & Suhendra. (2025). Implementation of Open-Ended Approach in Mathematics Learning to Improve Learning Independence of Vocational High School Students. EduMatSains : Jurnal Pendidikan, Matematika Dan Sains, 10...
	Smaldiino, S. Ei., Lowtheir, D. L., & Russeill, J. D. (2012). Iinstructiional teichnology and meidiia for leiarniing (9th eid.). Boston, MA: Peiarson
	Tarwana, B. (2018). Eifeiktiiviitas dan keipraktiisan peingeimbangan meidiia peimbeilajaran. Jurnal Iilmiiah Peindiidiikan Teikniik Eileiktro, 3(1), 1–10.
	Triieit, L. V. M., Loc, N. P., & Ngan, N. N. T. (2024). Eiffeict of GeioGeibra–supporteid 5Ei leiarniing modeil on studeints’ undeirstandiing of thei areia of a trapeiziium: A quasii-eixpeiriimeintal study. Matheimatiics Teiachiing Reiseiarch Journal,...
	Walpolei, R. Ei., Myeirs, R. H., Myeirs, S. L., & Yei, K. (2012). Probabiiliity and statiistiics for eingiineieirs and sciieintiists (9th eid.). Peiarson.
	Ziimmeirman, B. J. (2000). Seilf-eiffiicacy: An eisseintiial motiivei to leiarn. Conteimporary Eiducatiional Psychology, 25(1), 82–91. https://doii.org/10.1006/ceips.1999.1016
	Zulfah, Ei., Fauzan, A., & Arnawa, Ii. M. (2025). Peingeimbangan local iinstructiional theiory topiik seigii eimpat beirbasiis RMEi untuk meiniingkatkan keimampuan peimeicahan masalah mateimatiis. AKSIiOMA: Jurnal Program Studii Peindiidiikan Mateimat...

