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Abstract

Keywords

SDGs

This study examines the engagement process of mathematics teachers in improving
their pedagogical competence by integrating technology into contextual learning. The
integration of technology into the contextual teaching and learning (CTL) approach
offers significant opportunities to enhance teacher professionalism. Studies of CTL
have shown that such an approach enriches pedagogical competence, strengthens
content mastery, and encourages teachers to adapt to digital innovations, develop
reflective and analytical practices, and pursue continuous improvement in mathematics
teaching. However, many teachers still experience gaps in this technology, particularly
in digital literacy, resistance to change, and limited access to adequate facilities and
training. This study engaged a community of senior high school mathematics teachers
in Bandung, Indonesia, and 56 participants joined the project. The project involved the
design and implementation of a digital technology training program to develop learning
materials, including teaching modules, electronic learning resources, electronic
worksheets (kinesthetic, visual, and auditory), activities for solving non-routine
mathematics problems, peer-teaching simulations, and reflective practice. Based on
questionnaire, interview, and documentation results, the findings indicate a significant
improvement in CTL-based mathematics instruction through technology integration.
The evaluation criteria were rated as very good, particularly in the use of Al, AR,
ThingLink, and GeoGebra. As aresult, this community engagement initiative facilitated
the effective implementation of technology-based CTL in enhancing the quality of
classroom interaction, conceptual presentation, and student learning motivation, while
simultaneously strengthening teachers’ professionalism and their ability to evaluate and
refine their teaching practice.

contextual teaching and learning (CTL); mathematics learning; mathematics teacher;
professionalism; pedagogical competence; technology integration
4 (Quality education), 9 (Industry, innovation, and infrastructure)

1. Introduction

This paper examines a community engagement project aimed at enhancing the core
competencies of mathematics educators by engaging school teachers. Teacher competence
encompasses four domains: personal competence, social competence, pedagogical
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competence, and professional competence (Ballova Mikuskova et al., 2024; Khademi-
Vidra & Bakos, 2025; Kusumaningtyas et al., 2020). This project believes that a high-
quality teacher is a key to improving the quality of instruction that is effective and relevant
to the increasingly complex demands of the times. Such teachers’ competencies are needed
in designing and preparing instructional materials and the field of technology through the
CTL approach, which would be addressed in this community engagement program. This
project argues that enhancing the pedagogical competence of inspirational and innovative
educators encourages the creation of CTL-based instruction that can support students’
diverse potentials and characteristics through constructivism, questioning, inquiry,
learning communities, modeling, reflection, and authentic assessment (Bishara, 2021;
Subba et al., 2025).

Mathematics emerges as a source of inspiration for educators, offering a robust conceptual
framework capable of addressing a wide range of everyday challenges (Weinhandl et
al., 2020). The enhancement of mathematics educators with a modern, humanistic, and
practical digital technology orientation has become an essential need today, a paradigm
shift in learning that accommodates students’ diverse needs and characteristics (Gijsbers
etal., 2020). Digital technology enhances thinking skills, supports educators in improving
the quality of instruction, and supports students’ conceptual understanding in solving
problems by utilizing various sources of knowledge (Kumar et al., 2022).

Certain educators believe that mathematical concepts are less relevant to the real world
and offer limited practical value. In this perspective, mathematics is often taught without
a concrete physical context or realistic examples (Faulkner et al., 2019). The educational
community tends to view the digital society as emotionally detached and overly formal.
Critics highlight the narrow focus of national policy-making, which primarily concentrates
on the mere delivery of information. Within this paradigm, the role of teachers is reduced
to the provision of digital learning tools, positioning both teachers and students as passive
consumers of curriculum-defined knowledge tightly controlled and limited in scope
(Avila-Meléndez, 2024; Colas-Bravo et al., 2021). This situation may lead to a decline in
educators’ performance in facilitating mathematics learning.

Such conditions are also exacerbated by many technical challenges educators still face.
The internet serves as an important source of information and a robust ecosystem for
learning, driving significant advances in education. However, it also presents challenges,
particularly those related to data security, identity theft, and cyber plagiarism (Chen et al.,
2023; Fang & Guo, 2023; Nita et al., 2023). Furthermore, problems related to access and
infrastructure persist, as many schools and regions, especially in remote areas, experience
unstable internet connections and inadequate hardware. Additionally, schools frequently
lack dedicated technicians to manage computer laboratories and provide feedback
regarding teachers’ difficulties in using technology effectively (Kristanto, 2021).

Particularly in mathematics, educators often struggle to find the technical support and
resources they need to integrate technology into mathematics instruction. Teachers
often lack proper training in implementing innovative mathematics teaching methods
using digital technology. They often feel overwhelmed by the wide range of available
technologies and software applications, making it difficult for them to choose the most
appropriate tools for their instructional needs (Rofi’i et al., 2022). Limited digital resources
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hinder educators’ ability to effectively integrate technology into students’ mathematics
learning experiences (Alfian et al., 2022; Hendikawati et al., 2019). As a result, many
educators feel uncomfortable and uncertain about using mathematics software during their
instructional sessions (Kintoko & Mulianingsih, 2022). Therefore, this project focuses on
training programs that enable mathematics teachers to develop their professionalism by
integrating technology into the contextual teaching and learning (CTL) approach.

To address such complex learning challenges, the CTL approach offers teachers as educators
an alternative in developing innovative technology-based mathematics instruction. CTL
connects instructional content to real-life contexts, making learning more meaningful
for students and enabling them to construct knowledge through direct involvement in
experiences relevant to their everyday lives (Bishara, 2021; Subba et al., 2025). Many
studies examine CTL with technology integration in relation to student achievement or
discuss teacher professionalism in general. However, research specifically investigating
technology-supported CTL together with clear indicators of teacher professionalism,
such as pedagogical competence, technological pedagogical and content knowledge
(TPACK), reflective practice, and assessment literacy, remains limited (Mahmuti et al.,
2025; Susilawati et al., 2025). Teachers often have positive knowledge or attitudes toward
technology, but actual classroom implementation that connects technology with students’
real-world contexts in line with CTL remains inconsistent (Siyam et al., 2025).

Indonesia’s education system provides schools and teachers with the freedom to design
learning processes that are innovative, creative, and flexible, prioritizing students’ holistic
development. It facilitates students in learning through technology-based CTL that is more
relevant to their interests and potential and that emphasizes collaboration, creativity, and
the application of character values (Haelermans, 2022; Yasir et al., 2023). Several free
mathematics software applications serve as innovative, interactive educational tools that
can be integrated into the learning process and assist teachers in explaining and solving non-
routine mathematics problems that lack of procedural solutions (Salas-Pilco et al., 2023).

In the Indonesian context, several studies highlight a gap between theoretical training
and real classroom practice in technology integration. TPACK is often correlated with
competence, yet classroom practice still faces problems (Khademi-Vidra & Bakos,
2025). On one side, research findings indicate that training educators in digitalization can
enhance learning effectiveness and teacher professionalism. It regards digitalization as a
natural and inevitable stage in the evolution of knowledge (Fernandez-Diaz et al., 2021).
On the other hand, many studies only describe infrastructure constraints, such as internet
connectivity and devices but rarely quantify their impact on the effectiveness of technology
use in CTL, even though infrastructure strongly shapes the feasibility of technology-based
CTL (Kusumaningtyas et al., 2020). Community engagement programs in GeoGebra and
mathematics technology are common, but studies examining teacher professionalism as
a mediating factor remain scarce (Zhang et al., 2025). Local CTL practices linked with
authentic projects and portfolio assessment are rarely documented in detail, and although
some studies report CTL with GeoGebra in mathematics classrooms, the explicit link to
teacher professionalism as an outcome is still underexplored (Aliu et al., 2025; Yunianto,
Bautista, et al., 2024; Yunianto, Lavicza, et al., 2024).
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Several community initiatives carried out by school educators have produced positive
results. Prior research highlights that problem-based digital learning fosters students’
creative expression and critical thinking (Weng et al., 2023). Bautista (2021) emphasized
the effectiveness of technology-based learning in facilitating students’ construction of
mathematics. Cui and Ng (2021) found that digital learning positively influences the
development of mathematical problem-solving and computational skills. These include
training in the use of Artificial Intelligence, Augmented Reality, ThingLink, GeoGebra,
Desmos, Maple, Cymath, Photomath, Microsoft Math Solver, Mathway, WolframAlpha,
Symbolab, and game-based learning through workshops, simulations, and evaluation
of mathematics instructional design products. Mentoring in digital literacy and the
use of Canva and Wizer.me as tools for developing electronic modules in mathematics
instruction have also significantly increased students’ interest in learning, and contributed
to enhanced teacher performance and professionalism.

On the other hand, technology-assisted mathematics education significantly improves the
performance quality of both educators and learners in addressing non-routine mathematical
problems that require high-level thinking and comprehension. Studies on technology
application training to support teachers in delivering mathematical concepts and solving
problems have received excellent ratings, aligning with Vankus (2023). Game-based and
technology-assisted blended learning significantly improved the quality of mathematics
teachers’ performance (Vankus, 2023). Similarly, Laakso et al. (2021) found that game-
based digital learning enhances students’ critical and creative thinking abilities. Further
studies by Weng et al. (2022) indicate that problem-based digital creation improves
collaborative, communicative, critical, and creative mathematical skills. Investigations
(Hsu et al., 2019) show that augmented reality-based digital learning enhances students’
literacy skills and their ability to design applications for mathematical problem-solving.

Building on these previous community engagement studies, there is a strong prospect for
implementing a community service program for senior high school mathematics teachers
in Bandung Regency. The aim is to analyze improvements in the professional quality
and performance of mathematics teachers through technology integration in the CTL
approach, before and after their participation in the training program.

Given these conditions, this community engagement project focuses on integrating CTL
into mathematics learning. The activities involve essential training in the ethical and
responsible use of technology, as well as in various mathematics software applications.
This initiative arguably facilitates innovative and interactive mathematics learning
(Brahma et al., 2023), which will be examined further in the next section.

2.  Method of Study

This community project emphasizes the training activities by employing apprenticeship
participatory learning and action (APLA), which combines apprenticeship with
participatory learning and practice. The APLA method has been used as a training
approach for young people across education, agriculture, and business (Yuliana &
Hidayat, 2017). An apprenticeship is an internship in which a person works under an
expert in a particular field and is considered an effective way to develop specialized skills
by gaining direct insight and knowledge from that expert (Musa, 2023). The approach
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represents a renewed form of community engagement, previously known as learning by
doing or learning while working (Witter et al., 2020), a group learning process carried
out collaboratively through interactive work processes (Mishra et al., 2022). Community
projects using the APLA method are supported by a community-based research (CBR)
model. This research model directly involves the community in research and development
processes to produce research outputs useful for society and aligned with existing
needs, problems, and potentials (Miskiyah et al., 2023; Su, 2022). These processes are
continuously evaluated and redesigned to obtain the best solutions for the community
(Wilson et al., 2018; Teufel-Shone et al., 2019).

In this project, the target community of mathematics teachers is actively involved in the
research process to enhance data collection and analysis, generating recommendations that
are genuinely beneficial for improving teachers’ performance, tailored to their needs. The
CBR model was employed, involving 56 mathematics teachers from Bandung Regency.
They were expected to identify crucial aspects in integrating CTL into mathematics
learning as part of the CBR and to implement the results of research and development to
achieve positive change within their own professional community.

In implementing technology-based CTL, the APLA method, supported by the CBR model,
catalyzes the community’s adoption of new technologies. Acceleration occurs because the
proposed solutions are aligned with the community’s specific needs and challenges. APLA
and CBR also help reshape perceptions of technology, which is often seen as complex and
accessible only to a few. By combining CBR into the APLA approach, the community
project activities were carried out as the following outline:

Preparation and problem identification phase, conducted with principals, mathematics
teachers, and the teacher community, aimed at identifying key challenges in CTL-based
learning. This process was followed by setting the program objectives and designing an
implementation plan tailored to the mathematics teacher community in Bandung Regency.

Training implementation consisting of a two-day training covering diagnostic assessment,
development of CTL-based mathematics materials (modules, electronic worksheets, digital
resources), and hands-on practice using various mathematics software and innovative
teaching strategies. Workshops, peer-teaching simulations, interviews, and collaborative
reflection complemented the training.

Data collection and analysis, including pre- and post-training questionnaires. The
questionnaires were conducted with the participants, along with reviewing teaching
and project modules, conducting interviews, documenting technology use, and taking
reflective notes. The process was followed by qualitative and quantitative analyses using
paired-sample #-tests in SPSS version 26.

Evaluation, follow-up, and mentoring phase, conducted to evaluate the effectiveness of
the project, provision of ongoing support for participating schools, follow-up activities
to apply program outcomes in classroom practice, and school-based mentoring to align
mathematical concepts with technology applications in innovative mathematics teaching.
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Through these approaches, technology is presented as a solution accessible to all teachers,
thereby improving the quality of both educators and students throughout the learning of
mathematics. Questionnaire data were analyzed using a quantitative approach to support
the qualitative findings from the community engagement program, using a paired-
samples test. The research question is: “Is there a difference in the professional quality of
mathematics teachers before and after participating in the community service program
using technology-assisted CTL instruction?” The hypotheses for this study are expressed
as follows. The null hypothesis states that the professional quality of mathematics teachers
does not change before and after their participation in the community service program
that applies technology-assisted CTL instruction. In contrast, the alternative hypothesis
states that the professional quality of mathematics teachers changes before and after they
participate in the program that applies technology-assisted CTL instruction.

3. Developing a CTL-Based Mathematics Learning Program for Teachers

At the beginning of the project, a 16-item statement questionnaire was distributed to
all participating mathematics teachers. Initial observations and interviews indicated that
none of the participants had previously attended training on technology integration within
the context of the CTL approach. In addition, they had never taken part in CTL-based
mathematics training supported by software applications, except for using WhatsApp.
Not a single participant had experience with innovative CTL mathematics instruction
supported by technology.

After the pre-test, a two-day training was conducted, focusing on technology-integrated
CTL mathematics instruction supported by software applications. All participants
attended the sessions with high enthusiasm. The focus of this community service program
was highly relevant to their needs for technology-supported mathematics instruction,
particularly in developing teaching materials and using applications to help them solve
mathematical problems more effectively.

On the first day, the activities included two main components. The content review session
discussed the development of innovative CTL instructional approaches and teaching modules.
This session also focused on developing CTL learning tools, electronic teaching materials, and
electronic student worksheets with kinesthetic, visual, and auditory orientations that combine
mathematical approaches with diverse learning styles, interests, and levels of readiness to
accommodate students’ varied potentials and characteristics. The second component was
training in mathematics software applications. Participants received training in the use of
Artificial Intelligence, Augmented Reality, ThingLink, PhET, GeoGebra, Desmos, Maple,
Cymath, Photomath, Microsoft Math Solver, Mathway, WolframAlpha, Symbolab, and
game-based learning environments to support teachers in explaining mathematical concepts
and solving non-routine, non-procedural mathematics problems.

The second day consisted of a workshop and practice activities. As a follow-up to the
theoretical discussions, participants were allowed to develop technology-based teaching
materials, including teaching modules and digital learning media, using mathematics
software applications. These materials were adapted to the topics that participants
would later teach in their own schools. A peer teaching simulation was then conducted.
All 56 participants were divided into five groups, and five participants were appointed
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as facilitators who acted as teachers during the simulations. In these sessions, they
implemented technology-supported CTL in their peer teaching practice.

4. Teachers’ Competence in Developing a Tech-Supported CTL Teaching Module

The training and community service team facilitated the mathematics teacher community
in developing teaching modules using Canva and Wizer.me, as well as in creating
electronic teaching materials and electronic student worksheets with kinesthetic, visual,
and auditory orientations. The design of the teaching modules was guided by several
indicators, including the development of CTL-oriented learning designs, analysis of
learning outcomes, learning progressions, and learning objectives that are clearly
formulated for the audience, behavior, condition, and degree, and translated into complete
teaching modules. The teachers also developed trigger questions, selected learning models,
designed CTL strategies, and planned probing, prompting, and scaffolding techniques. The
learning activities emphasized technology-supported CTL implementation, reflection,
and evaluation.

In this phase, the mathematics teachers act as apprentices to practice technology-supported
CTL. During the teaching practice, students were expected to formulate trigger questions
based on their prior reading of the teaching materials and worksheets shared by the
teacher one week before the face-to-face session. During the lesson, the teacher presented
a video on the topic, followed by group discussions to solve open-ended mathematical
problems that allow for multiple solution methods and answers and that require higher-
order thinking skills. The results of the group discussions were presented in class, and
peers were encouraged to complement and critique one another’s ideas. The design of
the teaching modules was developed with the creativity and innovation of the teachers
as training participants in mind. Five model teachers were selected for further analysis
of their ability to develop teaching modules for peer teaching, and their performance is
summarized in the table below (Table 1).

I;/‘{Tgs::: ge;zzilﬁi Objective IS\Z:;ic: Method Introduction Acfi(zfzfies Instrument Score

A 3 34 4 3 3 4 4 86.67

B 2 2 3 4 3 4 80.55

C 3 4 3 4 4 4 3.5 92.36

D 3 3.25 3 3 4 4 3.5 88.88

E 3 3 3 4 3.5 4 3.5 91.67

Total 14 15.65 16 18 17.5 20 17.5 88.03

Avg % 2.8 3.13 32 3.6 35 4 3.5 88.03
Scores 70 78.25 80 90 87.5 100 87.5
Criteria B B A A A A A

Based on Table 1, the average competency score for teachers in developing teaching
modules was 88.03%, indicating strong overall performance. However, the minimum
achievement score recorded was 70%, highlighting challenges faced by mathematics
teachers in developing technology-based instructional tools, particularly due to limited
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adaptation to mathematics software applications. Notably, during the core activities
of differentiated mathematics instruction, the teachers demonstrated exceptional
competency, achieving a perfect score of 100%. It indicates that the differentiated
approach effectively aligned the learning process with factual knowledge, concepts,
principles, procedures, and the integration of digital technology. These results underscore
the potential of differentiated instruction to enhance the teaching and learning experience
when coupled with digital innovation.

Building on these findings, it was important to explore further how teachers conceptualized
and communicated central mathematical ideas in their own words. To this end, interviews
were conducted to examine whether they could identify ideas that spark students’ interest,
recognize core concepts that students often struggle to master, and anticipate common
misconceptions and challenges in teaching these ideas. The interviews also investigated
the extent to which teachers considered key pedagogical factors, organized algorithmic
steps for teaching central concepts, and applied authentic assessment within a technology-
supported CTL framework. The responses from the five mathematics teachers who served
as role models were analyzed, and the average competence scores are presented in Table 2.

Teacl?:lreas a Math Material Difficulty Evaluation Total Score

A 3 4 4 4 29.5 92.19

B 3 3 35 4 27.25 85.17

C 4 3 3 3.05 27 84.38

D 35 3 35 3 27.5 85.94

E 3 35 3.75 3.75 26.5 82.81

Total 16.5 16.5 17.75 18.25 27.55 86.1

Avg (%) 33 33 3.55 3.65 27.55 86.1
Score (%) 82.5 82.5 89.33 91.25

Criteria A A A A

Table 2 shows that the competence scores from interviews with the five teachers,
conducted before the peer-teaching session, averaged 86.10%. The assessment of student
learning outcomes, which included cognitive, affective, and psychomotor domains, was
aligned with educational assessment standards and student characteristics, achieving a
very good score of 91.25%. The teachers were already accustomed to using problems that
require multiple solution strategies for a single answer, as well as open problems with
many possible solutions supported by clear algorithmic reasoning. Overall, all interview
aspects related to the preparation of technology-based CTL instruction were in line with
the established assessment standards.

Building on the interview findings, it was also essential to examine how teachers
translated their pedagogical understanding into technological practice within the CTL
framework. The community engagement program provided opportunities for teachers
not only to articulate their conceptual and pedagogical readiness, but also to apply digital
tools meaningfully in mathematics instruction. Through hands-on training, the teachers
demonstrated growing confidence in integrating software applications into contextualized
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learning activities, aligning technological resources with mathematical content, and
designing digital materials that support differentiated learning. Their ability to work with
various software tools reflects an important step toward strengthening technology-assisted
CTL implementation in real classroom settings, as shown in Table 3 below.

No. TK TCK TPK Med (%) Criteria
1 87.50 86.43 90.25 88.06 Good
2 89.45 85.75 90.62 88.61 Good
3 88.65 90.55 89.45 89.55 Good
4 85.35 86.37 94.53 88.75 Good
5 87.54 90.50 91.50 89.85 Good

Notes: Technological Knowledge (TK), Technological Content Knowledge (TCK), Technological Pedagogcial
Knowledge (TPK)

The applications used during peer teaching included Maple for calculus problems, Cymath
for algebra problems, Desmos for trigonometry, Photomath for limits, Microsoft Math
Solver for linear algebra, Mathway for linear programming, WolframAlpha for integral
problems, and GeoGebra for geometry. Symbolab was used for algebra, while game-
based learning served as an instructional approach that increased students’ motivation
and interest in mathematics. Based on Table 3, the five role model teachers successfully
integrated various mathematics software applications to support problem solving
in technology-assisted CTL instruction. Their proficiency falls under the categories
of Technological Knowledge (TK), Technological Content Knowledge (TCK), and
Technological Pedagogical Knowledge (TPK), with average scores above 88%, indicating
very good performance.

Beyond this strong demonstration of technological competence, it was also important
to examine how these skills were translated into reflective, student-centered classroom
practice. In addition to integrating software tools into problem-solving, the role model
teachers were encouraged to critically reflect on the flow of their lessons, from apperception
and motivation-building to core CTL activities and closing reflections. This reflective
dimension provides insight into whether technology-assisted CTL was implemented not
only at the technical level but also in ways that supported meaningful learning experiences,
fostered higher-order thinking, and aligned with students’ diverse learning styles. The
reflective results of differentiated learning are detailed in the table below.

Table 4 shows the average reflection score for technology-supported CTL instruction, with
a mean of 84.75%, indicating very good performance. The highest rating was obtained
for core learning activities, with a score of 90%. These core activities began by arranging
students into three groups based on learning style, namely kinesthetic, visual, and auditory,
as identified through a diagnostic learning style profile test. The teacher then integrated
Qur’anic verses with mathematical concepts through context-based video materials
that connected mathematical content to real-life situations, using technology. Group
discussions were conducted to solve non-routine, open-ended mathematics problems for
each learning style group, and the negotiated outcomes of these discussions were presented
as varied projects that reflected each group’s learning style profile. Mathematics teachers
are therefore encouraged to regularly schedule final projects in mathematics lessons as
part of this technology-supported CTL approach.
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Table 4. The results of reflections by five teachers in the model

No. Reflection Aspect Avg (%) Criteria
1 Apperception 83.50 Good
2 Generating student motivation and ice-breaking 87.75 Good
3 Conveying the competencies to be achieved 83.49 Good
4 Asking trigger questions 85.35 Good
5 Agreeing on learning process activities 81.45 Good
6 Role model activities during technology-based curriculum 90.00 Very Good
7 Conclusion of the material 82.25 Good
8 Reflection activities 86.57 Good
9 Assessment 85.75 Good
10 Follow-up material based on reflection 81.35 Good

Overall Average 84.75 Good

5.  Pre- and Post-Community Engagement Project

The surveys for the community service program were distributed before and after
the completion of all training activities. A comparative analysis of the survey results,
presented in the tables below, reveals significant differences in teacher performance
before and after the training. Based on survey results before and after the program, there
was a clear difference in the professional quality of teachers’ performance, with teachers
demonstrating greater proficiency in mathematics instruction using a technology-
supported CTL approach. Data were obtained through a posteriori analysis of Likert-scale
responses, transformed using the MSI standard, and analyzed using a paired-samples test
to support qualitative arguments regarding community engagement outcomes.

100
90

o||‘|‘ ||‘I‘|“II|““‘|||‘I||I“

W Post-test m Pre-test

Average Survey
L " B ¥ S S~ ) B« ) T ¢ ]
o o o o o o o o

Figure 1. The survey results post-community engagement

The questionnaire results indicate that a technology-assisted CTL paradigm in mathematics
learning is highly effective in improving teachers’ performance and competence in
responding to diverse student needs. The survey shows that all participants demonstrated
increased willingness to implement CTL-oriented instruction, with a score of 90.37%
in the very good category. Data related to instruction reached 93.5%, and technology-
supported CTL learning was perceived as capable of improving learning outcomes to a
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higher level, with a score of 90.35%. Mathematics teachers consistently implement CTL
supported by technology. Based on the interviews, they believed that technology-supported
mathematics instruction aligned with the curriculum can be carried out effectively to
accommodate students’ diverse potentials and characteristics, and that CTL supported by
technology in terms of content, process, product, and learning environment can maximize
learning outcomes through conducive, inclusive, and enjoyable learning experiences for
students. The results of the paired samples test statistical analysis reveal that the data are
normally distributed, as presented in the table below.

Kolmogorov-Smirnov Shapiro-Wilk
Statistic df Sig. Statistic df Sig.
Pre-test 179 16 179 .898 16 .074
Post-test 159 16 .200* 934 16 283

The normality test results show that, based on both the Kolmogorov—Smirnov and
Shapiro—Wilk tests, all significance values for the data before and after the community
engagement program with technology-assisted CTL instruction are greater than 0.05.
This number indicates that the scores obtained before and after the community service
activities are normally distributed.

Mean N SD Std. Error Mean
Pair 1 Pre-test 38.3 16 5.93 1.48
Post-test 88.1 16 2.41 .6049

The average score before the program was 38.3000, while after the program, it increased
to 88.1744. This increase indicates a significant improvement in the average performance
scores of mathematics teachers engaged in the program. Meanwhile, the correlation analysis
between the two variables produced a significance value (Sig.) of 0.159 (Sig. > 0.05),
indicating no significant relationship between the two variables. However, the correlation
coefficient of 0.370 suggests a moderate relationship. This moderate relationship implies
a slightly moderate correlation between the scores before and after the implementation of
the community service program.

Mean SD Std Mean Lower Upper t df Sig.

Pre-test
Post-test -49.8 5.51 1.378 -52.8 -46.9 -36.174 15 .000

Based on the output of the paired-samples test, the significance value is 0.000. Since this
value is less than 0.05, the null hypothesis is rejected, and the alternative hypothesis is
accepted. This indicates a significant improvement in the professional quality of mathematics
teachers’ performance before and after the program, demonstrating that a technology-
supported CTL approach to mathematics learning is highly effective. The results further
show that all teachers responded enthusiastically and demonstrated a very positive attitude
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throughout the training, with scores above 84% in the very good category. This positive
attitude can be attributed to the strong alignment between the training program and the
challenges faced by the mathematics teacher community in adapting the curriculum for
future contexts using various mathematics software applications. These skills are intended
to be applied in their mathematics teaching practices in their respective schools.

6. Discussion

Improving the quality of teachers’ performance is essential in mathematics instruction
to accommodate students with diverse potentials, talents, characters, and learning
environments. This improvement is achieved through the implementation of carefully
designed teaching modules, electronic student creativity worksheets, and electronic
learning modules aligned with innovative mathematics learning models and incorporating
interactive technology-based media. The CTL learning, which employs technology,
including Artificial Intelligence and Augmented Reality, has successfully enhanced
teachers’ performance, increased teachers’ confidence in addressing fundamental
problems, and proven useful in solving non-routine mathematical problems. Furthermore,
post-simulation interviews revealed excellent performance scores, with teachers
demonstrating significant improvements in delivering CTL instruction under the
technology-based curriculum. Such approaches improve academic achievement and
engagement, preparing educators for future success in mathematics teaching.

Preparing mathematics instruction using a technology-supported CTL approach began
with the development of teaching module designs that met good criteria. These findings
align with previous studies that showed the development of mathematics teaching module
designs that improve students’ learning outcomes (Adaobi Ubah et al., 2020; Lin et al.,
2023; Thanh & Duong, 2021). Teaching modules can also enhance the quality of teachers’
performance, as the creation of CTL teaching modules supported by technology helps meet
diverse classroom needs and plays an important role in shaping students’ achievement and
satisfaction with their learning experiences at school (Suizo et al., 2023).

The development of the teaching modules aims to enhance the performance of both
teachers and students by facilitating the construction of concepts, interaction, and
reflection between teachers and learners. The reflective session by the teachers at the end
of the program suggests effective engagement of the mathematics teacher community
in Bandung Regency in the reflection process, as evidenced by a significantly enhanced
enthusiasm and teaching quality, as corroborated by prior studies (Uitto & Saloranta,
2017). Notably, there is a need to align teaching module development with students’ needs
in evolving learning environments.

7. Conclusion

The primary objective of this initiative was to enhance the capacity of higher education
institutions in implementing CTL learning with technology. This initiative seeks to
nurture professional educators who are creative, innovative, and inspiring, capable of
designing high-quality digital technology-based learning activities. This study has shown
how such programs can address students’ diverse needs by implementing technology-
supported CTL learning. This approach aligns with the curriculum, paving the way for
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education in the Society 5.0 era. Participating mathematics teachers expressed strong
interest in follow-up mentoring programs at their respective schools as a step toward
achieving professional teacher status.

The community engagement program to improve the quality of learning has generated
highly positive and enthusiastic responses from the teachers’ community in Bandung
Regency, West Java, Indonesia. The program has significantly improved the professional
quality of mathematics teachers’ performance before and after by employing technology-
assisted CTL instruction. This study also confirms that mathematics learning with a
technology-based CTL approach is highly effective in enhancing teachers’ professional
performance. The integration of technology into mathematics learning thus becomes
a crucial element that helps professional teachers design instructional approaches that
align with students’ metacognitive abilities, needs, and learning interests, while using
interactive media to create more personal and meaningful learning experiences.

Implementing the curriculum gives teachers the freedom to innovate by integrating
technology into mathematics instruction, enabling optimal achievement of learning
outcomes and goals. The findings of this study are relevant to the challenges of education
in the global era, offering guidance for mathematics teachers to be more adaptive and
responsive to evolving needs in technology-based mathematics instruction. Such
programs require sustained support from all stakeholders to provide ongoing mentorship
within local communities, as continuous support is crucial to maintaining momentum in
professional development in mathematics education. Thus, policymakers are encouraged
to pay close attention to technological infrastructure, provide subsidies to support the
provision of technological facilities, and ensure reliable internet connectivity in schools
across Indonesia.
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