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ABSTRACT
Research on the utilization of mobile technology in schools is increasingly widespread. However, studies on implementing
meaningful learning using mobile technology still need to be completed. Meaningful learning activities must still be the
primary goal in mathematics, even with technology. Technology-integrated collaborative learning is an appropriate
alternative to build students' knowledge of what to know, their attitude of wanting to do something, and their skills in how to
do something. This research focuses on how high school students learn mathematics meaningfully by utilizing mobile
technology collaboratively. The purpose of this study is to provide an empirical analysis of meaningful learning activities
carried out by students through mobile technology in learning mathematics in face-to-face social communication. This study
used a qualitative approach to data collection. Data were collected from 42 students and one teacher through observation
and interview. This study found five meaningful activities conducted by students with collaborative mathematics learning
integrated with mobile technology. The key finding that stands out is that the cooperative environment with group work
causes students to learn more during group work, but they enjoy working with their friends to solve math problems.
Keywords: Mobile Learning, Collaborative, Mathematics, Meaningful Learning

1. INTRODUCTION

In recent years, the integration of mobile technologies in education has gained significant attention
(Criollo-C et al., 2021; Bano et al., 2018). Mobile learning, also known as m-Learning, has emerged as a powerful
tool in promoting meaningful and engaging learning experiences in mathematics classrooms. By leveraging the
capabilities of mobile devices, students have the opportunity to engage in collaborative activities that promote
critical thinking, problem-solving, and deeper understanding of mathematical concepts (Surez et al., 2018). The
integration of mobile devices and collaboration in mathematics classrooms can create a dynamic and interactive
learning environment that supports the construction of knowledge through social interaction (Yosiana et al., 2021;
Larkin & Calder, 2015). This approach not only enhances students' understanding of mathematical concepts but
also fosters important skills such as communication, teamwork, and creativity (Costa et al., 2020; Fu & Hwang,
2018). Furthermore, the use of mobile devices has been shown to increase student achievement, productivity,
engagement, and motivation (Atan & Shahbodin, 2018)

Collaboration through mobile learning can be an effective strategy for promoting meaningful learning in
mathematics classrooms. By allowing students to work together and share ideas using mobile devices, they can
engage in deeper discussions, problem-solving, and critical thinking (Fu & Hwang, 2018; Criollo-C et al., 2018;
Bano et al., 2018). This collaborative approach not only enhances students' understanding of mathematical
concepts, but also fosters important skills such as communication, teamwork, and creativity (Lee et al., 2019;
Drigas & Pappas, 2015; Larkin & Calder, 2015; Sung et al., 2017). Furthermore, the use of mobile devices in
mathematics classrooms can provide students with access to a wide range of resources and tools that can support
their learning (Larkin & Calder, 2015; Sung et al., 2017). Some sources suggest that the use of mobile devices as
cognitive tools can promote higher-order thinking skills in mathematics (Crompton & Burke, 2014; Bano et al.,
2018; Fu & Hwang, 2018). Overall, the integration of collaboration through mobile learning in mathematics
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classrooms has the potential to create a rich learning environment that encourages active engagement, critical
thinking, and meaningful learning experiences for students (Costa et al., 2020; Statti & Villegas, 2020)

Collaboration through mobile learning in mathematics classrooms has the potential to promote active
engagement, critical thinking, and meaningful learning experiences for students.(Rifai & Sugiman, 2018; Costa et
al., 2020) By leveraging the capabilities of mobile devices in a rich learning environment, students can engage in
collaborative activities that not only enhance their understanding of mathematical concepts but also foster
important skills such as communication, teamwork, and creativity (Supandi et al., 2018). The use of mobile
devices in mathematics classrooms has been shown to increase student achievement, productivity, engagement,
and motivation (Fu & Hwang, 2018). Furthermore, mobile devices can serve as scaffolded problem-solving tools
and provide access to additional internet resources, expanding students' learning opportunities beyond the
traditional classroom setting. Furthermore, by aggregating and synthesizing the findings of small-scale studies, the
research community can provide evidence for the effectiveness of m-Learning pedagogies in mathematics
education, which can then inform educational policies and practices (Fabian et al., 2018; Rifai & Sugiman, 2018).
By integrating mobile devices and collaboration into mathematics classrooms, students have the opportunity to
engage in collaborative activities that promote critical thinking, problem-solving, and deeper understanding of
mathematical concepts.

Collaboration through mobile learning in mathematics classrooms not only enhances students'
understanding of mathematical concepts, but also fosters important skills such as communication, teamwork, and
creativity (Drigas & Pappas, 2015; Heflin et al., 2017). By utilizing mobile devices in a collaborative learning
environment, students can actively engage with the material, work together to solve problems, and share their ideas
and perspectives with their peers (Lai et al., 2013; Nam & Jang, 2013). This collaborative learning approach
allows for a deeper level of understanding as students construct knowledge together and develop their critical
thinking skills. Additionally, mobile learning devices have the capability to capture and document students'
learning experiences, allowing for personalized feedback and assessment (Costa et al., 2020). By leveraging the
capabilities of mobile devices in a collaborative learning environment, students can engage in interactive and
meaningful learning experiences that go beyond rote memorization and repetitive drill (Lai et al., 2013).

In this context, it is crucial to explore the potential of collaboration through mobile learning to promote
active engagement and meaningful learning experiences for students in mathematics education. This exploration
will contribute to the ongoing discourse on the effectiveness of m-Learning pedagogies and their impact on
educational policies and practices. By integrating mobile learning into mathematics classrooms, both students and
instructors can benefit from enhanced engagement, participation, and interaction, ultimately transforming
traditional learning environments into dynamic and engaging spaces for meaningful learning experiences.

It is important to realize that the effectiveness of mobile learning in mathematics education must be
supported by rigorous research. This research investigates the impact of collaboration through mobile learning on
students' learning activities and engagement. By conducting well-designed and high-quality research, the
educational community can gather valuable evidence on the effectiveness of mobile learning pedagogies in
mathematics education. This evidence can then guide educational policies and practices, ensuring that the
integration of mobile technologies in mathematics classrooms is based on solid research and best practices. Thus,
the aim of this research is to explore student learning activities and provide empirical analysis of meaningful
learning activities carried out by students through mobile technology in mathematics learning in face-to-face social
communication. It is hoped that the research findings can provide teachers with implications and guidelines to
successfully integrate mobile technologies to enhance learning in mathematics classrooms.

2. METHODS

This study uses a qualitative method. Qualitative research methods are a set of approaches and techniques
used to gather rich, in-depth data and insights about individuals, groups, or phenomena (Grossoehme, 2014). These
methods focus on understanding the meanings, experiences, and perspectives of the participants in their natural
context. Data collection was done by observation and interview. Data was collected from 42 students and one
teacher. The observation process was carried out for 6 meetings held over 6 weeks. Documentation in the form of
videos was conducted to examine and identify learning activities during learning. Interviews were conducted with
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students. The data analysis techniques used were data reduction, data display and conclusion drawing. Data
reduction is the selection and simplification of data. This activity is carried out to avoid accumulation of data or the
same information. The data reduction process includes editing, summarizing, and tidying up the data. Furthermore,
data display. Presentation of written data is carried out in the form of textual representations in the form of brief
descriptions and tables, while documentation data is in the form of images and videos relevant to the research
results. Finally, conclusion drawing is making meaningful statements that describe the interpretation of the data
that has been presented. The topic chosen for this research is special trigonometry in right triangles. This research
was conducted in grade 10.

3. RESULTS & DISCUSSION

The learning implementation used collaborative learning integrated with mobile learning. Students are
divided into 11 heterogeneous groups, each with four people with high, medium, and low abilities. The learning
process uses an Android-based application that can be installed and accessed on mobile devices. The mobile
application is called Ajarin Mobile.

Ajarin Mobile application provides features including student identity, material, learning media, class
discussion, and score list. The material feature describes learning material where students learn with the syntax of
harmonization, exploration, reflection, and assessment. In harmonization activities, students are given short
videos that can motivate them to learn. In the exploration activity, students are presented with material
descriptions equipped with relevant videos and student worksheets. The provision of learning videos aims to
allow students to repeat the explanation of the material if they have yet to understand it. This section also provides
video tutorials on using learning media such as Geogebra. Exploration activities also involve solving contextual
math problems so that they better understand the learning material. In reflection activities, students can convey
what they have gained during the learning process through Ajarin Mobile. All students have the same opportunity
to convey their responses through the application. The teacher can take further action based on the results of the
reflection. The last is Assessment, where students are given several objective and essay questions individually to
see each student's understanding of the mathematical concepts learned.

In implementing learning using the technology-integrated collaborative learning model, it is necessary to
see how it is implemented meaningfully for students. Meaningful learning is relevant to students' lives and aims to
achieve deep understanding through active and constructivist learning. In the learning that has been done, there
are five meaningful activities carried out by students with collaborative mathematics learning integrated with
mobile technology.

First, students can learn at their own pace through collaborative learning integrated with mobile learning.
In learning, each student has a different speed in understanding concepts. High and medium-ability students
quickly understand the material, but low-ability students need more time. Based on observations made during the
learning process, in the same group, low-ability students repeatedly read the description of the material and
played the learning video more than once. Figure 1 below is one example of how students learn at different
speeds.

Figure 1 provides evidence that there are advantages to learning through mobile technology. Low-ability
students can listen to the videos available in the application anytime and anywhere. Based on interviews, students
stated that the Ajarin Mobile application can help them repeat material without carrying textbooks that are large in
size and weight. In today's digital era, technology has revolutionized the way students learn. With the help of
technology, especially through video, students have the flexibility to learn at their own pace (Castillo et al.,
2021) and provides a personalized learning experience that encourages engagement and deep understanding (Lee
et al., 2018). They can pause, rewind, and rewatch the video as many times as necessary to fully understand the
content. This allows for a personalized learning experience, meeting individual needs and preferences. The use of
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technology, especially video, in education has revolutionized the student learning experience. Additionally,

integrating technology and videos into education has also proven to be an effective method for bridging learning
gaps among students (Brame, 2016).
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Figure 1. Students learn at different paces.

Additionally, the use of technology in education has expanded learning opportunities beyond the traditional
classroom (Poquet et al., 2018). Students are no longer limited to learning within the confines of a physical
classroom, as they can access educational videos and resources from anywhere with an internet connection.

Second, there is social interaction between students to help each other in the learning process, both in
understanding the material and using learning media. Based on observations, students are enthusiastic about using
Geogebra. In Geogebra activities, students are asked to follow the instructions in the video tutorials. However,
some still need help with using Geogebra. In addition to the teacher, students who already understand and
simulate Geogebra also help friends in their groups, as seen in Figure 2.
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Figure 2. Students help each other in learning.

Based on Figure 2, there is social interaction in the classroom. Based on interviews, most students prefer
group learning rather than individual learning. In group learning, there will be social interactions that help them
learn. In the context of learning, social interaction plays a crucial role in enhancing the overall educational
experience for students. It allows students to engage in active discussions and collaborative learning activities,
which can deepen their understanding of the subject matter (Panoy et al., 2022). Additionally, social interaction
promotes critical thinking skills by encouraging students to question and evaluate different perspectives (Mr,
2021). Moreover, social interaction fosters the development of communication and interpersonal skills, as
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students learn to express their thoughts and listen to others' viewpoints. Furthermore, social interaction in learning
creates a supportive and inclusive learning environment, where students feel valued and connected to their
peers(Apriliyanto et al., 2018). This ultimately leads to higher levels of engagement, motivation, and academic
achievement. Furthermore, social interaction in learning facilitates the exchange of ideas and knowledge among
students, enabling them to learn from each other's experiences and perspectives (Li et al., 2020). In summary,
social interaction in learning is essential as it enhances understanding, critical thinking, communication skills,
engagement, and knowledge sharing among students. Incorporating social networking platforms and technologies
in educational settings can provide students with opportunities for collaborative learning and authentic
communication. By promoting social interaction in learning, students are able to engage with their peers and
develop important skills such as communication, critical thinking, and collaboration.

Third, students can reflect on their understanding of the subject matter directly. Reflection is one of the
most essential parts of a learning process. Through reflection activities, students can confirm their learning
achievements about what they have not and have not understood. Teachers can find out how much students have
learned. The results of reflection can be used as teacher evaluation material to improve the learning process that is
not appropriate. The teacher can review and take further action based on the reflection results stated by the
students. In traditional classes, only some students get the opportunity to express their responses to the learning
that has been carried out. However, using the Ajarin Mobile application, all students have the same opportunity.
Figure 3 below is an example of the reflection results submitted by students through the Ajarin Mobile
application.
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Figure 3. Example of Student Reflection via Ajarin Mobile

Figure 3 shows that students convey what they have gained during the learning process. The concept of
reflection plays a crucial role in the learning process. It allows individuals to evaluate their past experiences, gain
insights, and make informed decisions for future actions (Smetanina et al., 2020). Reflection helps individuals
think deeply and analyze their beliefs, knowledge, and experiences. It promotes personal growth and development
by increasing understanding and enhancing professional practices. Reflection in the learning process helps
individuals gain a deeper understanding of the material being learned and how it applies to real-world situations.
By reflecting, learners can critically analyze their performance and identify areas for improvement (Gupta, 2019).
By reflecting on their learning journey, individuals can also identify patterns and make connections between
different concepts or experiences, leading to a more holistic understanding of the subject matter (Tsingos et al.,
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2014). Overall, reflection is a valuable tool for promoting self-awareness, self-improvement, and professional
development in the learning process. The concept of reflection is widely recognized and studied in various fields
and subfields of psychology. It is considered an inherent human ability for self-analysis and interpretation of
social relations. Reflection is particularly important for teachers' professional development (Tsingos et al., 2014).
Reflection allows teachers to analyze their teaching practices, identify areas of strength and areas for
improvement, and make informed decisions about instructional strategies. By engaging in reflective practices,
teachers can enhance their skills, knowledge, and effectiveness in the classroom (Weng & Shen, 2022).
Additionally, research has shown that reflection helps teachers recognize their biases and reconsider their
assessment practices (Weng & Shen, 2022). This leads to a more inclusive and effective learning environment for
all students. Teachers' reflection is key to their professional development and growth (Smetanina et al., 2020). It
helps them to continuously improve their teaching strategies, understand the needs of their students better, and
adapt their approach to meet those needs. It also allows teachers to build confidence and gain the ability to handle
assessment dilemmas by seeking opinions and reflecting on experiences from different contexts.

Fourth, students do the assessment well after the learning process. Assessment is one of the most essential
parts of the learning process. Assessment can be used as an indicator of the achievement of learning objectives.
Routine assessments at every meeting are essential in confirming students' understanding of the subject matter.
The assessments given are based on the concepts learned and contextualized. The data obtained from the
assessment process shows that most students can answer the questions given correctly. Based on the assessments
that have been carried out, students obtain encouraging results even though some still need to be corrected in
using concepts. Assessment through the Ajarin Mobile application allows students to get the results automatically.

Assessment plays a crucial role in learning by providing valuable insights into students' knowledge and
understanding. It helps educators gauge the effectiveness of their teaching methods and identify areas where
students may need additional support or instruction (Osman et al., 2012). This information allows educators to
make informed decisions about instructional strategies and materials and adapt their teaching to meet the diverse
needs of their students. Furthermore, assessment data can track students' progress over time and assess the
effectiveness of educational programs or interventions (Yus et al., 2021). Educators can ensure they accurately
capture students' abilities and growth by employing valid and reliable assessment measures. Additionally,
assessment helps create a sense of accountability and responsibility for students, as it provides feedback on their
learning progress and areas for improvement. Moreover, assessment can also be a motivational tool for students
(Lora et al., 2020). When students receive feedback on their performance, they better understand their strengths
and weaknesses, which can drive them to work harder and strive for improvement (Xu & Brown, 2016). Overall,
assessment in the learning process empowers educators to make informed decisions, allows for personalized and
targeted instruction, tracks progress and growth, promotes accountability and responsibility, and motivates
students to strive for improvement.

The main finding that stood out was that the cooperative environment with group work caused students to
learn more during group work, yet they enjoyed working with their peers to solve math problems in both in-class
and out-of-class activities.

Figure 4 shows that students are actively discussing in their groups. Students solve contextual problems
that are close to their daily lives. Instruction through student worksheets can be necessary so students can learn
well and enjoy every learning activity. Providing worksheets to groups can train students to be responsible for
solving them. In collaborative learning, worksheets play an important role in facilitating students' active
involvement in the mathematics learning process. Worksheets provide a structured framework for students to
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explore math concepts, solve problems, and engage in meaningful discussions with their peers (Sartika et al.,

2020). By working on worksheets together, students can collaborate, share different approaches and strategies,
and learn from each other's perspectives.
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Figure 4. Learning activities inside and outside the classroom.

This collaborative approach helps students build a deeper understanding of mathematical concepts and
develop critical thinking and problem-solving skills. Additionally, worksheets can be used to assess students'
understanding and track their progress in mastering math concepts (Nurhayati et al., 2019). Overall, worksheets in
collaborative learning provide a structured and interactive platform for students to actively engage in mathematics
learning, collaborate with their peers, deepen their understanding of mathematical concepts, and develop
important skills for problem solving and critical thinking. In the context of collaborative mathematics learning,
worksheets serve as a valuable tool for facilitating active student engagement, encouraging critical thinking and
problem-solving skills, encouraging collaboration and peer learning, assessing student understanding and
progress, and encouraging independent learning. Furthermore, collaborative learning in mathematics can also
foster a supportive and inclusive classroom environment, where students feel comfortable sharing their thoughts
and learning from one another (Harper & Crespo, 2020). This can ultimately lead to increased confidence in their
own mathematical abilities and a more positive attitude towards the subject. Incorporating collaborative learning
activities such as group problem-solving, peer teaching, and collaborative projects can greatly enhance the overall
mathematics learning experience for students (Harper & Crespo, 2020). By actively engaging with their peers,
students can develop not only their mathematical skills, but also important life skills such as communication,
teamwork, and respect for diverse perspectives.

4. CONCLUSION

Collaborative learning integrated with mobile learning can create meaningful learning in mathematics
classrooms. Students can learn at their own pace, there is good social interaction, each student can reflect on the
learning process, students can conduct regular assessments for evaluation, and most importantly, students enjoy
working with their peers to solve mathematics problems in and out of class activities. Integrating mobile devices
and collaboration in mathematics classrooms can create a dynamic and interactive learning environment that
supports knowledge construction through social interaction. Thus, collaboration through mobile learning has the
potential to transform traditional mathematics classrooms into dynamic and engaging environments where
students actively participate in meaningful learning experiences. In summary, collaboration through mobile
learning can improve mathematics education by encouraging active engagement and meaningful learning
experiences.
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