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Limited mathematical communication ability among students 
represents a key challenge that educators must address. Therefore, 
learning activities should be structured around problem-based tasks 
that encourage students to express mathematical ideas more effectively. 
The purpose of this study is to produce mobile learning–based 
instructional media employing the Contextual Teaching and Learning 
approach that is valid, practical, and effective in fostering students’ 
mathematical communication skills. The participants were tenth-grade 
students of SMA Negeri 8 Batang Hari during the even semester of the 
2024/2025 academic year. A Research and Development approach 
guided by the ADDIE model was applied in this study. The findings 
demonstrate that the developed mobile learning instructional media 
meets the criteria of validity, practicality, and effectiveness. Validity was 
established through expert evaluations of both media design and 
instructional content, indicating that the mobile learning media is 
appropriate and suitable for use. The practicality of the developed media 
was substantiated by favorable feedback from both educators and 
learners. Furthermore, its efficacy in bolstering students' mathematical 
communication skills was confirmed through N-Gain analysis. The 
resulting score of 0.71, categorized as a high improvement, 
demonstrates a significant progression from pre-test to post-test results. 
Therefore, integrating a Contextual Teaching and Learning (CTL) 
approach into mobile learning media serves as a viable strategy for 
advancing mathematical communication proficiency. 
Keywords: Learning Media, Mobile Learning, Mathematical 
Communication Skill, Contextual Teaching and Learning 
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1. Introduction 

A primary objective in mathematics education is the cultivation of students' capacity to 

articulate conceptual ideas and logical reasoning. This involves utilizing diverse representational 

modes including graphical illustrations, tabular data, visual tools, and formal notation to interpret 

and resolve complex mathematical scenarios. Thus, mathematical communication skills play a vital 

role in facilitating the attainment of mathematics learning objectives (Nasri & Jamaan, 2022). 

National Council of Teachers of Mathematics (2000) identified several essential mathematical 

competencies that should be fostered through mathematics instruction, namely: (1) problem 

solving, (2) reasoning and proof, (3) communication, (4) connections, and (5) representation. In 

accordance with the Independent Curriculum's objectives, these standards emphasize the necessity 

for learners to grasp mathematical principles and clarify their interconnectedness. Furthermore, 

Utami and Amidi (2022) suggest that such a curriculum aims to equip students with the ability to 

implement algorithms and concepts accurately and adaptably across various problem-solving 

scenarios. 

Among the higher-order thinking skills targeted in mathematics education, mathematical 

communication holds a significant role. This skill refers to students’ ability to express 

mathematical ideas both orally and in written form. Mathematical communication can be enhanced 

through school-based learning activities, particularly within mathematics classrooms, as 

mathematics is grounded in logical reasoning that supports the development of students’ thinking 

abilities. In this regard, mathematics functions as a vital instrument for enhancing mathematical 

discourse and communication skills among learners (Hodiyanto, 2017). 

There is a notable tendency for students to exhibit deficient mathematical communication 

abilities. This is consistent with research by Osterholm, which highlights the hurdles students face 

when attempting to articulate their logical thinking (Nuraeni & Luritawaty, 2016). When asked to 

provide logical explanations, students tend to focus on limited portions of the text—particularly 

symbolic problems—and often state their lack of understanding without offering clear 

justifications. In addition, research conducted by Sriwahyuni (as cited in Firdaus & Aini, 2019) 

revealed that approximately 65% of students’ mathematical communication skills fall into the low 

category (Hanipah & Sumartini, 2021). 

Considering the crucial role of mathematical communication skills, an effective strategy to 

enhance these skills is the implementation of instructional approaches that promote active student 

engagement. To support the development of mathematical communication, appropriate 
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instructional media must be designed. In this study, mobile learning is utilized as the instructional 

medium, as it is flexible and accessible, allowing students to engage in learning activities anytime 

and anywhere using their personal devices. 

Contextual Teaching and Learning (CTL) may be applied as an instructional approach to 

develop students’ communication skills. This view is supported by M. Hosnan (2016), who 

describes contextual learning as an approach that acknowledges and reflects the natural conditions 

under which knowledge is acquired. Through this approach, learning concepts are presented by 

connecting the subject matter to real-life contexts in which the knowledge is applied, as well as to 

the ways students learn and construct understanding.  

2. Methods 

The research adopts a Research and Development methodology, with the ADDIE model 

serving as a widely recognized framework for instructional design. The outcome expected from 

this research is the development of mobile learning media integrated with a Contextual Teaching 

and Learning approach to enhance the mathematical communication skills of tenth-grade students 

at SMA Negeri 8 Batang Hari. The development stages of the ADDIE model, as proposed by 

Robert Maribe Branch (2009), are illustrated in Figure 1. 

 

Figure 1. Steps of the ADDIE Development Model 

1. Analysis stage (Analyze)  

The analysis phase serves as the initial step in the planning process, focusing on the 

formulation of the product concept. As stated by Robert Maribe Branch (2009), this stage seeks to 

determine potential factors that contribute to existing gaps or issues. 

The curriculum analysis stage aims to identify the curriculum implemented at the school where 

the research is conducted. This is followed by a performance gap analysis, which is intended to 

formulate basic objective statements in order to identify implementation gaps or existing problems, 

determine their underlying causes, and propose appropriate solutions. Goal setting focuses on 
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identifying performance gaps and priority actions, leading to the development of mobile learning 

instructional media based on the Contextual Teaching and Learning (CTL) approach. 

2. Design Stage  

The design phase involves the creation of an instructional platform rooted in mobile learning, 

which purposefully incorporates the principles of the Contextual Teaching and Learning (CTL) 

framework. The learning materials presented address the topic of systems of linear equations in 

three variables. The design is then validated through expert judgment involving specialists or 

practitioners to evaluate the product’s feasibility and quality. 

3. Development Stage  

Following the completion of the mobile learning product, the next phase is the development 

stage, during which the product undergoes validation to ensure that it meets acceptable quality 

standards. Validation is a systematic process aimed at evaluating whether the newly designed 

product is rationally more effective than the previously used learning media. 

According to Robert Maribe Branch (2009), formative evaluation involves the systematic 

collection of data intended to inform revisions prior to implementation. This evaluation consists of 

three stages: individual trials, small-group trials, and large-group trials. 

4. Implementation  

The implementation stage involves the application of the developed product in actual learning 

settings. According to Robert Maribe Branch (2009), this stage requires products that have 

undergone testing to be used in real instructional contexts. Mathematics instruction for tenth-grade 

learners at SMA Negeri 8 Batang Hari was conducted through the deployment of mobile-based 

learning media. This implementation strictly adhered to the Contextual Teaching and Learning 

(CTL) framework to ensure the integration of real-world contexts into the learning process. 

5. Evaluation  

To ensure the quality of the developed media, the evaluation stage initiates with professional 

validation by subject and media experts. The refinement process is further guided by the 

recommendations of instructional designers and specialists, alongside a comprehensive analysis of 

results obtained from initial product testing. The trials are conducted in two phases, starting with a 

small-scale trial involving nine students and continuing with a large-scale trial involving thirty-

four students. Branch (2009) explains that evaluation in the ADDIE model is conducted at three 

levels, namely perception, knowledge (learning), and implementation (performance). 

This study limited the evaluation process to Level 1 (perception) and Level 2 (knowledge) of 

the ADDIE evaluation framework. Therefore, the Level 3 evaluation, which focuses on measuring 

students’ ability to apply knowledge and skills in authentic work settings, was not carried out. 
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3. Result and Discussion 

The findings of this research are multifaceted: first, they highlight the successful design of 

mobile-based instructional media that incorporates the Contextual Teaching and Learning (CTL) 

framework to strengthen students' mathematical communication. Second, the quality of this tool 

was verified through rigorous appraisals by both content and media specialists. Furthermore, the 

practical utility of the media was evidenced by favorable feedback and perceptions from educators 

and learners alike, collected via validated instruments. Ultimately, the effectiveness of this 

pedagogical intervention was confirmed by student performance data, specifically through post-

test scores following the classroom application of the CTL-based mobile platform. 

The research employed a mixed-data approach, incorporating both qualitative and quantitative 

data. Qualitative data consisted of evaluations from material experts and learning and media design 

specialists, in addition to mathematics teachers’ feedback and students’ questionnaire responses 

regarding the developed instructional media. Quantitative data were collected from students’ 

learning outcomes, as indicated by post-test (final test) results. 

This study developed mobile learning media through the application of the ADDIE model, 

encompassing the stages of Analyze, Design, Development, Implementation, and Evaluation. 

The preliminary phase of the Analyze stage involves a systematic examination of the 

curriculum, which serves as the foundational step for designing the instructional media. The 

findings indicate that tenth-grade students at SMA Negeri 8 Batang Hari have implemented the 

Merdeka Curriculum. At this stage, a performance gap analysis is also conducted by gathering 

feedback from colleagues and interviewing mathematics teachers at the school to gain a clearer 

understanding of existing problems and the factors contributing to performance gaps. Following 

the identification of these gaps, goal setting is carried out. Based on the researchers’ observations, 

the actual conditions revealed that students require interactive learning media that can be accessed 

flexibly through their personal devices. In light of these considerations, this research aims to design 

and implement a CTL-based mobile learning application. The primary goal is to provide a 

technologically integrated platform that specifically fosters the advancement of students' 

mathematical communication proficiency. 

At the Design stage, researchers develop mobile learning media based on the Contextual 

Teaching and Learning (CTL) approach to enhance students’ mathematical communication skills 

on the topic of systems of linear equations in three variables. The preparation of a design or 

storyboard is considered essential to ensure that the developed media aligns with learning needs 

and objectives. During this stage, the product is conceptualized as mobile learning media 

incorporating the CTL approach. The design process begins with the collection of relevant 

instructional materials from various sources, including textbooks, online resources, and other 

learning media. The outcomes of the mobile learning design are presented in the following figure. 
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Figure 2. Initial Appearance of the Application 

 

The results of designing the initial appearance of the mobile learning application as a menu 

for students to enter the application. Students can press the Start button to enter the mobile learning 

application menu. 

 

Figure 3. Menu Display 

The menu interface provides various features that can be accessed by students, including 

learning outcomes, the sequence of learning objectives, instructional objectives, learning materials, 

instructional videos, student worksheets, assessment tests, conclusions, and a profile of the 

application developer. 



Edumatsains, Volume 10, Issue 4, April 2026, pp 12-26 

18 

 

 

 

This is an open access article under the  HYPERLINK "https://creativecommons.org/licenses/by-sa/4.0/" CC BY-SA license.  

Copyright ©2022 by Author. Published by Universitas Kristen Indonesia 

 

 

 

Figure 4. Learning Outcomes Menu 

Through this menu, students can access information about learning outcomes. Learning 

outcomes refer to the competencies that students are expected to attain by the end of a learning 

phase. These outcomes replace the Core Competencies (KI) and Basic Competencies (KD) that 

were applied in the 2013 Curriculum. 

 

Figure 5. Material menu display 

In this menu section, students can study SPLTV material together or independently both at 

school and outside school. 
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Figure 6. Test Menu 

In this menu, students can take tests after studying SPLTV material, the test contains questions 

related to SPLTV and students can directly see the test scores they have done.  

Furthermore, the developed mobile learning media was subjected to expert validation. This 

study involved two types of validation, namely material validation and media validation. The 

experts selected for this process were chosen based on their competence, expertise, and experience 

in developing mobile learning media and in teaching the topic of systems of linear equations in 

three variables (SPLTV). This validation process was conducted to identify the strengths and 

limitations of the developed mobile learning design. 

The material expert validation was conducted by Dr. Syamsir Sainuddin,S.Pd., M.Pd., who 

evaluated the mobile learning media based on the Contextual Teaching and Learning (CTL) 

approach for the topic of systems of linear equations in three variables (SPLTV) for tenth-grade 

students at SMA Negeri 8 Batang Hari. The validation process was carried out by completing a 

questionnaire consisting of 16 assessment items. 

The results of the material expert evaluation indicated that, following several revisions, all 

assessment indicators of the developed mobile learning media were rated as very good and 

appropriate in terms of instructional content. 

The design expert validation was conducted by Dr. Rohati, S.Pd., M.Pd., who evaluated the 

developed mobile learning media based on the Contextual Teaching and Learning (CTL) approach 

for the topic of systems of linear equations in three variables (SPLTV) for tenth-grade students at 

SMA Negeri 8 Batang Hari. The evaluation was carried out using a questionnaire comprising 15 

assessment items. 
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Based on the results of the design expert evaluation, all assessment indicators received very 

good and appropriate ratings for every component of the developed mobile learning media after 

several revisions were implemented. 

During the development phase, the conceptual designs were translated into a functional 

mobile learning platform. This production process strictly adhered to the Contextual Teaching and 

Learning (CTL) framework while simultaneously integrating critical refinements derived from 

expert appraisals and constructive feedback. At this stage, product trials were conducted, consisting 

of three phases: individual trials, small-group trials, and large-group trials (field testing). 

The individual trial involved a mathematics teacher from SMA Negeri 8 Batang Hari as the 

subject. This pilot study sought to secure professional perspectives and early-stage feedback 

regarding the utility and design of the newly developed mobile learning media. The participant was 

asked to observe and evaluate the mobile learning media based on the CTL approach for the topic 

of systems of linear equations in three variables (SPLTV) as a whole. To collect evaluation data, 

the researcher administered a questionnaire consisting of 19 items covering indicators of content 

feasibility, language use, presentation, and graphical design. 

The analysis of individual trial responses indicated that the developed mobile learning media 

was evaluated very positively. Nonetheless, recommendations were provided for further 

enhancement, especially in relation to improving content clarity and optimizing text size. These 

revisions aim to facilitate students’ comprehension, learning, and analytical processes. 

Consequently, the improved media is expected to more effectively support students’ learning 

outcomes. 

Following the individual trial, a small-group trial was conducted involving nine tenth-grade 

students at SMA Negeri 8 Batang Hari representing low, medium, and high ability levels, as 

identified by the mathematics teacher. Students accessed and used the mobile learning media 

directly on their personal devices through the application file provided by the researcher. They 

were then asked to review the mobile learning media comprehensively and provide evaluations in 

the form of response questionnaires. The small-group trial questionnaire consisted of 28 items. 

Based on the students’ responses, it can be concluded that the small-group trial participants 

provided positive feedback and expressed interest in learning through the mobile learning media 

using the Contextual Teaching and Learning (CTL) approach. 

Based on the responses of the small-group trial participants, it can generally be concluded that 

the developed mobile learning media is suitable for use as a learning resource. The language used 

in the mobile learning content is clear and easy to understand, while the visual presentation 

effectively attracts students’ interest. The material is presented in a structured manner and is 

supported by practice exercises, which help students comprehend the content more easily. In 

addition, the mobile learning media increases students’ motivation to learn, encourages active 

participation, and supports independent learning. The exercises provided are aligned with the topic 
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of systems of linear equations in three variables (SPLTV), enabling students to better understand 

the material and apply it in real-life contexts. 

Following the small-group trial, a large-group trial was conducted involving 34 students from 

class X4 Phase E at SMA Negeri 8 Batang Hari. During this stage, all participants accessed and 

explored the mobile learning application using their own smartphones. After completing the 

learning activities, students were asked to provide evaluations in the form of responses or 

perceptions regarding the mobile learning media that had been developed. 

Student assessments were collected through a questionnaire designed to capture learners’ 

responses to the developed mobile learning media. The analysis of the questionnaire results showed 

that all 34 participating students expressed positive perceptions and demonstrated a strong interest 

in learning through mobile learning integrated with the CTL approach. 

Based on the analysis of responses from participants in the large-group trial, it can be generally 

concluded that the developed mobile learning media is appropriate for use as a learning resource. 

The language employed in the mobile learning effectively stimulates students’ communication, 

while its visual design is engaging. The presentation of the material is clear and easy to understand, 

contributing to the improvement of students’ mathematical communication skills. In addition, the 

practice exercises are aligned with the SPLTV content, encourage active student participation, 

support independent learning, and help students better understand SPLTV concepts. 

At the implementation stage, the tested product was applied in a real classroom setting through 

actual teaching and learning activities using mobile learning media with a Contextual Teaching 

and Learning (CTL) approach. The implementation involved 34 students of class X4 Phase E at 

SMA Negeri 8 Batang Hari and was conducted over two meetings. Each meeting consisted of three 

stages: opening activities, core learning activities, and closing activities. 

During the learning process, each student used a mobile learning application installed on their 

respective smartphones, which contained SPLTV learning materials integrated with the CTL 

approach. The design of this mobile learning platform integrates the core tenets of the CTL 

framework, such as constructivism, inquiry-based learning, and the formation of learning 

communities. It also emphasizes modeling, questioning techniques, and reflective practices, 

culminating in authentic assessment. Before the pedagogical intervention began, a pre-test was 

conducted to establish a baseline for the students' existing mathematical communication 

proficiency. After the completion of the SPLTV learning activities, a post-test was conducted to 

evaluate the improvement of students’ mathematical communication skills. 

At the evaluation stage, researchers measured students’ final competencies in relation to the 

predetermined learning objectives. The evaluation was conducted after the completion of all 

learning activities, and the results obtained served as feedback for researchers to assess the quality 
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of the developed product. Through this stage, the effectiveness of the mobile learning media 

implemented in real classroom learning could be identified and analyzed. 

This evaluation was conducted using student perception questionnaires and post-learning tests 

administered after the completion of the learning process. The evaluation results were used to 

determine the effectiveness of the developed mobile learning media. The mobile learning was 

considered effective if it received positive perceptions from students and if the objectives of its 

development were achieved, namely improving students’ mathematical communication skills on 

the System of Linear Equations in Three Variables (SPLTV) material. 

The student perception questionnaire was administered after students had completed and 

understood the learning content delivered through the mobile learning media. The instrument 

consisted of 13 statement items, and a recapitulation of the student perception results is shown in 

the following table. 

Table 1. Recapitulation of student perception assessment 

 

 

Students at SMA Negeri 8 Batang Hari, particularly those in Class X4 Phase E, demonstrated 

a strong positive response toward the mobile learning media. The data shows an overall perception 

score of 90.6%, suggesting that the integration of CTL components effectively met the learners' 

needs and expectations. This result indicates that students’ perceptions fall into the very good 

category. 

In addition, the analysis of pre-test and post-test results was conducted using expert-validated 

scoring guidelines aligned with indicators of students’ mathematical communication skills. The 

pre-test and post-test scores collected during the implementation stage for the Systems of Linear 

Equations in Three Variables (SPLTV) topic are illustrated in the following diagram. 

Question 1 2 3 4 5 6 7 8 9 10 11 12 13 Total 

Point 153 154 154 154 153 160 159 146 150 162 144 153 161 2003 

% (Butir) 90% 90,6% 90,6% 
90,6

% 90% 
94,1

% 
93,5

% 
85,9

% 
88,2

% 
95,3

% 
84,7

% 90% 
94,7

% 90,6% 
Category Very Good 
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Figure 7. Diagram of Pre-test and Post-test Results 

There is a comparison table of pre-test and post-test results according to Figure 7. 

 

Table 2. Comparison of pre-test and post-test results 

No Score Range Pre-Test Students Score Range Post- Test Students 

1 0 ≤ 𝑆𝑘𝑜𝑟 ≤ 10 0 0 ≤ 𝑆𝑘𝑜𝑟 ≤ 10 0 

2 11 ≤ 𝑆𝑘𝑜𝑟 ≤ 20 0 11 ≤ 𝑆𝑘𝑜𝑟 ≤ 20 0 

3 21 ≤ 𝑆𝑘𝑜𝑟 ≤ 30 6 21 ≤ 𝑆𝑘𝑜𝑟 ≤ 30 0 

4 31 ≤ 𝑆𝑘𝑜𝑟 ≤ 40 7 31 ≤ 𝑆𝑘𝑜𝑟 ≤ 40           0 

  41 ≤ 𝑆𝑘𝑜𝑟 ≤ 50 7 41 ≤ 𝑆𝑘𝑜𝑟 ≤ 50 0 

6 

7 

8 

9 

10 

51 ≤ 𝑆𝑘𝑜𝑟 ≤ 60 
61 ≤ 𝑆𝑘𝑜𝑟 ≤ 70 
71 ≤ 𝑆𝑘𝑜𝑟 ≤ 80 
81 ≤ 𝑆𝑘𝑜𝑟 ≤ 90 

91 ≤ 𝑆𝑘𝑜𝑟 ≤ 100 

10 

4 

0 

0 

0 

51 ≤ 𝑆𝑘𝑜𝑟 ≤ 60 
61 ≤ 𝑆𝑘𝑜𝑟 ≤ 70 
71 ≤ 𝑆𝑘𝑜𝑟 ≤ 80 
81 ≤ 𝑆𝑘𝑜𝑟 ≤ 90 

91 ≤ 𝑆𝑘𝑜𝑟 ≤ 100 

0 

1 

6 

26 

1 

Average Pre-Test  

34 Students = 48,53 

34 Average Pos-Test 

34 Students = 85,73 

34 

 

The empirical data illustrated in the preceding figures indicates a substantial progression in 

student performance, with mean scores ascending from a pre-test average of 48.53 to a post-test 

average of 85.73. To quantify this advancement in mathematical communication, the normalized 

gain (N-gain) was calculated using Hake’s (1998) framework. The analysis yielded an N-gain 

coefficient of 0.71, signifying a high level of academic improvement. These results indicate a 

significant increase in students’ mathematical communication skills after learning using the 
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developed mobile learning media. This finding is further supported by students’ positive responses 

following the learning process using the mobile learning application developed by the researcher. 

Thus, the mathematical communication skills of students in class X4 Phase E at SMA Negeri 

8 Batang Hari improved after the use of mobile learning media with a CTL approach. 

 

4. Conclusion 

The outcomes of this development study demonstrate that the CTL-integrated mobile learning 

platform has achieved high standards of validity. Consequently, the media is deemed highly 

appropriate and ready for implementation within the context of mathematics education. This is 

supported by revisions carried out based on expert evaluations and recommendations. The 

practicality of the media was confirmed through positive responses from both teachers and 

students, who agreed that the media increased students’ interest in learning. Furthermore, the 

effectiveness of the media was demonstrated by a significant improvement in students’ 

mathematical communication skills, as shown by the pre-test and post-test analysis. The acquisition 

of an N-gain score of 0.71, situated within the 'high' improvement tier, provides empirical 

validation for the efficacy of CTL-based mobile learning media. This result underscores the 

platform’s success in significantly advancing the mathematical communication competencies of 

the participating students. 

The researcher also recommends that future development studies design mathematics mobile 

learning media using more advanced applications to make the learning media more engaging and 

to enhance students’ interest and enthusiasm for learning. 
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