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Abstract  

The low mathematical representation ability of students encourages the author to develop a 

learning e-module that can facilitate this ability. This research aims to find out how the characteristics of 

valid, practical, and effective learning e-modules and to determine the validity, practicality, and 

effectiveness of discovery learning-based e-modules oriented to students' mathematical representation 

skills.  This type of research is Research and Development (R&D). The development model used in this 

research is the ADDIE development model which includes the stages of Analysis, Design, Development, 

Implementation, and Evaluation. The test subjects in this study consisted of two types, namely expert test 

subjects and product test subjects. The expert test subjects were two lecturers from the Mathematics 

Education Department at Yogyakarta State University, while the product test subjects were 35 X grade 

high school students.  Expert trials were conducted to assess the validity or feasibility of the products 

developed. Product trials were conducted to assess the practicality and effectiveness of the developed 

products.  The results showed that the e-module developed met the criteria of valid, practical, and 

effective. This research produces e-modules that can be used in mathematics learning to facilitate 

students' mathematical representation skills. 
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Introduction 

Three important aspects are assessed in PISA: math literacy, science literacy and reading literacy 

(OECD, 2015). The term mathematical literacy has been coined by NCTM (National Council of Teachers 

Mathematics), where there are five competencies in learning mathematics, namely mathematical problem 

solving, mathematical communication, mathematical reasoning, mathematical connections and 

mathematical representation (Keller et al., 2001). Correspondingly, the Mathematics Learning Outcomes 

(CPs) organize mathematics into a scope of five content elements and five process elements 

(Kemendikbud). One of the content elements in mathematics learning is mathematical representation.  

Kilpatrick et al., (2001) suggests that mathematical representation is a way of presenting 

mathematical ideas or concepts in various forms, including the use of diagrams, graphs, symbols, 

equations, tables, words, or physical objects to describe mathematical concepts or relationships. 

http://ijmmu.com/
mailto:editor@ijmmu.com


International Journal of Multicultural and Multireligious Understanding (IJMMU) Vol. 12, No. 9, September      2025 

 

Development of E-Modules Based on Discovery Learning Oriented to Mathematical Representation Ability of High School Students  2 

 

Mathematical representation ability is an important element in mathematics learning that needs to be 

further developed by students (Patac et al., 2022). Furthermore, (Knuth & Jones, 1991) stated that there 

are several reasons for the importance of mathematical representation skills, namely the basic ability to 

build mathematical concepts and thinking, to have good concept understanding skills and can be used in 

problem solving. Thus, it is important for students to have good mathematical representation skills to be 

able to support the process elements in Mathematics subjects related to the view that mathematics is a 

conceptual tool for constructing and reconstructing mathematics learning materials in the form of mental 

activities that form a flow of thinking and a flow of understanding that can develop student skills. 

There are several studies that have been conducted on the description of students' mathematical 

representation skills in Indonesia. For example, research conducted by Minarni et al., (2016) shows that 

the comprehension and representation skills of students of 4 public junior high schools in North Sumatra 

are in the low category. Other research results are from Utomo & Syarifah (2021) Where the research 

involving students in Malang Regency there are still students with moderate and low representation skills, 

especially in visual and symbolic representations. Visual representation occurred in both high, medium, 

and low ability classes. High and low ability students perform the symbolic representation process, while 

medium ability students perform the symbolic representation process at the problem solving stage. 

One of the steps that a teacher can take in realizing learning that involves the active role of 

students is by realizing innovative learning by designing the right learning model. One of them is 

discovery learning. According to (Singer et al., 2016) Some of the obstacles that occur in the learning 

process are due to a lack of attention to the learning process itself, one of which is the lack of support for 

discovery learning. Discovery learning itself according to (Lestari and Yudhanegara, 2018) discovery 

learning is one of the learning models that organizes learning to be more meaningful. Discovery learning 

is a learning model that is designed in such a way that learning activities are able to encourage students to 

make discoveries of concepts and principles by thinking for themselves. This provides space for students 

to be able to explore various things which in turn will produce a pleasant learning environment for 

students because it uses a discovery approach (Castronova, 2002).  

Discovery Learning is a learning model designed for students to discover and build knowledge 

independently. Hosnan (2014) emphasizes that this model demands the active role of students in the 

learning process, while the teacher acts as a facilitator who encourages students to gain learning 

experience. Hosnan & Sikumbang (2014) added that discovery learning emphasizes the understanding of 

important structures and ideas through the active involvement of students. The process in the discovery 

learning model encourages students to build understanding through various forms of representation such 

as graphics, diagrams, or narratives that help students in problem solving. These representations become 

important tools to explain and understand mathematical concepts more deeply. Research (Sanjaya et al., 

2018) shows that in the discovery learning model, students need practice in building their own 

representations to develop strong and flexible abilities and understanding in solving problems. 

 When implementing learning activities, of course, good planning is needed first. The teacher's 

ability to plan and implement each learning process plays an important role in achieving learning 

objectives. Based on Permendikbudristek Number 16 of 22 concerning Education Process Standards in 

Primary and Secondary Schools, it is stated that lesson planning contains learning objectives that aim to 

provide quality learning experiences with practical problems or contexts, interactions, and the use of 

technological devices. The development of teaching materials that utilize technology is one of the 

learning competencies that a teacher needs to have. This is regulated in the Regulation of the Minister of 

National Education Number 16 of 2007, where one of the teaching competencies of teachers is to utilize 

information and communication technology to carry out learning activities optimally.  

However, based on research conducted by (Kharisma & Asman, 2018), In some schools, the 

teaching materials used do not provide situational problems and only a few contain problem solving 
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questions. Therefore, it is necessary to have a learning innovation, one of which is in the form of 

developing teaching materials. Based on research conducted by Kumalasari et al., (2022) It was found 

that teachers are still not able to maximally develop their own teaching materials due to various factors. 

One of these factors is the difficulty of teachers in compiling teaching materials that are in accordance 

with the abilities of students. So that many teachers choose to only refer to books or makeshift materials 

that are already available at school. 

Therefore, one alternative that teachers can do is to develop teaching materials (Fikri & Madona, 

2018). One of the teaching materials that can be developed and then used is in the form of e-modules 

designed based on discovery learning oriented to students' mathematical representation abilities that can 

help students maximize the learning process in the classroom. According to (Russell, 1974) “Module is 

“an instructional package dealing with single conceptual unit of subject matter”. The sequence within the 

module should be consistent from one module to another for ease of use. The quality of the learner guide 

is reflected in the structure and format of the module as well as the layout and design of the guide. 

The product to be developed is in the form of a math e-module with module characteristics 

according to Depdiknas (2003) namely self instructional, self contained, stand alone, adaptif, and user 

friendly. The use of e-modules in Discovery Learning-based learning provides various significant 

advantages in the learning process. One of the main advantages of e-modules is that they allow the 

presentation of content in various formats such as text, images, videos and animations. This makes it 

easier for students to visualize abstract concepts and increase students' active involvement in the learning 

process.  

In this study, the researcher aims to describe the development process and results of e-modules 

that use the Discovery Learning Model, with a focus on facilitating mathematical representation skills. In 

addition, this study also aims to assess the quality of e-modules in terms of validation, practicality, and 

effectiveness, with the hope that the module can become a viable alternative learning resource. 

 

Method 

This research is a development research or research and development (R&D). The Research and 

Development method is a research method used to produce certain products, and test the effectiveness of 

these products (Sugiyono, 2009). The purpose of this research is to develop discovery learning-based 

teaching materials to facilitate students' mathematical representation skills. The products in this 

development pay attention to three aspects of quality, namely valid, practical, and effective. According to 

(Branch, 2010) The development model chosen for this development research is the ADDIE development 

model which includes the stages of Analysis, Design, Development, Implementation, and Evaluation.  

Product trials are intended to test the feasibility of teaching materials developed based on material 

aspects, media aspects and assessment by users. There are two stages in product trials to determine the 

feasibility level of teaching materials, namely expert validation and user trials. Expert validation aims to 

determine the feasibility level of teaching materials in the form of e-modules developed based on material 

aspects and media aspects. The implementation of the feasibility test is carried out by showing the 

teaching materials developed along with a number of assessment questionnaires that will be filled in by 

material experts and media experts to assess whether or not the teaching materials are feasible along with 

suggestions and criticisms that can be used as improvements in the development of teaching materials 

developed. Meanwhile, the usage trial is intended to determine the feasibility level of teaching materials 

for users. The test subjects in this study were grade X students in the 2024/2025 school year in the odd 

semester at one of the state high schools in East Lombok. 



International Journal of Multicultural and Multireligious Understanding (IJMMU) Vol. 12, No. 9, September      2025 

 

Development of E-Modules Based on Discovery Learning Oriented to Mathematical Representation Ability of High School Students  4 

 

The data collection technique in this study used a mathematical representation ability test. The 

research that was carried out used test questions in measuring how students' mathematical representation 

skills were after using the developed e-modules. The test results are then used in measuring and 

determining the effectiveness of the product work. In addition, non-test instruments were used to collect 

data on the validity and practicality of the products developed using product validation sheets, assessment 

sheets from teachers, assessment sheets from students, observation sheets of learning implementation. 

The data analysis techniques used in this research are qualitative and quantitative data analysis 

techniques. Qualitative data analysis techniques are used in processing qualitative data such as comments 

and suggestions. While quantitative data analysis techniques are used in processing quantitative data 

sourced from product validation sheets, product practicality sheets and mathematical representation 

ability test scores. Data analysis was conducted after obtaining data from all research subjects including 

material experts, media experts, and students. The conversion of quantitative data into qualitative data 

was modified from (Widoyoko, 2014) in Table 1 below. 

Table 1. Expert Validation Scoring Guidelines 

E-module validity score 

(from the material side) 

E-module Validity Score 

(from the media side) 
Criteria 

  

Highly Valid 

  

Valid 

  

Valid Enough 

  

Less Valid 

  

Invalid 

 

In this study, it was determined that the validity value of the product was declared valid if the 

empirical score (X) obtained was at the minimum criteria of “Sufficient” according to the score of each 

instrument. 

The following is presented the calculation of the components of the teacher and student 

practicality instruments along with the criteria for assessing teacher practicality presented in Table 2 

below. 

Table 2. Categories of Product Practicality Assessment by Teachers 

Teacher Practicality Sheet 

Score 

Student Practicality Sheet 

Score 
Criteria 

  

Highly Practical 

  

Practical 

  

Practical enough 

  

Less Practical 

  

Impractical 

 

The developed product is declared practical if the empirical score (X) obtained is at the minimum 

criteria of “Sufficient” for each practicality assessment by teachers and students. 

The assessment criteria in analyzing the practicality of the product based on the results of the 

implementation observation. The criteria for assessing the implementation of learning can be seen in 

Table 3 below (Sudjana, 2005). 
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Table 1. Learning Implementation Assessment Criteria 

Score Range Criteria 

 

Very good 

 

Good 

 

Good enough 

 

Not good enough 

 

Not very good 

 

The practicality of the product based on the results of the implementation observation is declared 

practical if the percentage of learning implementation achieved is at least in the “Good” category. 

The analysis of the effectiveness of the product is carried out to determine whether the product 

developed has met the effective criteria or not. The effectiveness of using this product is reviewed based 

on students' mathematical representation skills. The data analysis steps to review this effectiveness are 

after conducting the test, the researcher corrects the test answers and the students' questionnaires based on 

the scoring guidelines that have been made. The effectiveness criteria for the aspect of mathematical 

representation ability in this study are: (1) The average score of the mathematical representation ability 

test is more than KKTP which is 75; (2) The percentage of many students who get a score reaching KKTP 

(75) for mathematical representation ≥ 75%. The classification of mathematical representation ability 

criteria can be seen in Table 4 below. 

Table 4. Mathematical Representation Ability Criteria 

Interval Score of Mathematical 

Representation Ability 
Criteria 

 

Very High 

 

High 

 

Fair 

 

Low 

 

Very Low 

 

The data analysis to determine the effectiveness of the products used based on the test results was 

carried out with the one sample t-test test. The one sample t-test test was used to evaluate the 

effectiveness of using products oriented to students' mathematical representation skills. This test aims to 

test whether the product developed is effective in facilitating these variables. The one sample t-test test.  

 

Results and Discussion 

Results 

The product in this study is a teaching material in the form of a discovery learning-based 

mathematics e-module on row and series material in class X SMA developed with the steps in the ADDIE 

model development research. The process of developing e-modules based on discovery learning is 

oriented towards students' mathematical representation skills. The general characteristics of discovery 

learning-based modules are packaged in the form of e-modules equipped with pictures, sample problems, 

practice problems, and competency tests based on discovery learning syntax. 
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 The developed product is run by students using a smartphone or laptop and connected to an 

internet connection. The developed product can facilitate students to learn math on row and sequence 

material more independently. The material presented is not only in the form of writing, but also 

accompanied by illustrative images that will make it easier for students to understand the context. In 

addition, the material presented in the developed product can also help students in imagining the form of 

representation of some data into other forms. 

Product development in this study uses the ADDIE development model which has 5 stages, 

namely: Analyze, Design, Development, Implementation, and Evaluation. Analyze stage where the author 

collects data and facts as materials to be used and designed in the product to be developed. Some steps in 

the analyze stage include needs analysis, curriculum analysis and analysis of student characteristics. At 

this stage, the main focus is on planning and designing the product to be developed. This design stage is 

very important because it is the basis for the next stage of development. The result of this stage is usually 

a detailed design document, which will guide the development of the learning product. At the 

development stage, the product is designed in accordance with the learning design, compiling instruments 

and also conducting a validation process and limited trials.  

The developed product is then uploaded and then distributed via a link. When the link provided is 

clicked, the initial appearance of the e-module will appear. The cover of this e-module contains the title, 

material, and the intended class. The following is the cover of the e-module. 

 

 
 

Figure 1. Teaching Module Cover 

This module uses the Discovery Learning model, which emphasizes constructivist learning. The 

structure of the learning activities in this module follows the stages outlined in the model followed by 

evaluation activities, as illustrated in Figure 2 and Figure 3 below. 
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Figure 2. Stages of Discovery Learning Activities in E-Modules 

 

 
Figure 3. Evaluation Activity and Answer Key 

Small-scale trials or limited trials were carried out to describe the readability and practicality of 

teaching materials before being widely tested. This limited trial was conducted with 9 students from class 

X. 
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The discovery learning-based e-module that focuses on students' mathematical representation 

ability, which has been proven valid and has been tested in a limited trial, is applied in the research 

subject in class X SMA. This trial aims to evaluate the effectiveness and practicality of the discovery 

learning-based e-module. The evaluation stage is the final stage in the ADDIE research and development 

model. Evaluation activities consist of assessment activities, namely the practicality and effectiveness of 

the product, in this case the media that has been made. The practicality of the e-module is seen based on 

the practicality sheet that has been filled in by teachers and students and based on observations of the 

implementation of learning that has been carried out. The effectiveness of e-modules focuses on 

facilitating students' mathematical representation skills. 

The validity of the product is obtained from the results of validation by experts, namely two 

validators from Mathematics Education, Yogyakarta State University. Validation by experts shows the 

results that the mathematical representation test instrument is included in the “very valid” category, the 

product in terms of media is included in the “valid” category, the product in terms of material is included 

in the “valid” category, the validation sheet for learning implementation observation is included in the 

“very valid” category, the product practicality validation sheet by teachers and students is included in the 

“valid” category. These results indicate that the e-module developed meets the validity criteria.  

In this validation process, there are many suggestions and input from validators so that revisions 

need to be made until they meet the criteria for use. In line with that, according to Sugiyono (2009) that if 

it is theoretically correct, then in this case the measurement results using the guided measuring device will 

be considered valid. This e-module meets the valid criteria because in the preparation process it is guided 

by relevant theories. This is in line with the opinion of (Nieveen, 1999), where a product is said to be 

valid if the product has an appropriate framework and components. 

The discovery learning-based e-module product to improve students' mathematical representation 

skills has met the criteria of practicality. These results are based on aspects of the teacher's assessment of 

the e-module where the teacher gave an assessment in the “practical” category. The components assessed 

in the e-module include aspects of the suitability of the material to the level of student thinking, language 

feasibility, suitability and accuracy of the material, clarity of material, appearance, presentation of 

material, ease of operation, ease of instructions, and ease of understanding the flow. Furthermore, 

students' assessment of the developed e-modules. Overall, students rated the developed product as being 

in the “quite practical” category.  

The last is the observation of learning implementation which shows that in each meeting the 

learning implementation is always ≥80%. The product in the form of e-modules developed is said to have 

met the criteria of practicality, meaning that the product can be used and utilized easily by teachers and 

students. This is in line with the view of (Nieveen, 1999) which states that the product can be said to be 

practical if teachers and experts consider the product easy and can be used by teachers and students in 

accordance with the purpose of its development. The discovery learning-based e-module product oriented 

to students' mathematical representation skills has met the effectiveness criteria.  

Based on the data analysis of mathematical representation test results, the p-value is 

. Based on the inference criteria,  is rejected, so it is concluded that the average 

value of students' mathematical representation ability after using the e-module in learning is more than 

KKTP (75) which is 81,6, greater than the average before using the e-module which is 15,7. Based on the 

results of the test proportion of students' mathematical representation ability test with a significance of 

0.05, the value is obtained . From these results,  is rejected Therefore, it can 

be concluded that the proportion of students' mathematical representation test results that reached KKTP 

(75) was more than 75%. So based on all these tests, it can be concluded that the e-module based on 

dicovery learning developed oriented to students' mathematical representation skills is declared effective. 
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Discussion 

This learning e-module development research produces products with valid, practical, and 

effective categories. The developed e-module can be recommended as one of the mathematics e-modules 

using the Discovery Learning model that can hone students' mathematical representation skills. The 

results of this study are in line with research conducted by Nissa (2023) with the title of the development 

of mathematics teaching materials with the help of the discovery learning-based Math City Map 

application that focuses on mathematical reasoning and representation skills on triangular and rectangular 

material. The results of the product research developed obtained a validity score with very good criteria. 

The module practicality results obtained a very practical category. The results of student responses to the 

developed product obtained a fairly practical category. In addition, the developed product meets the 

effectiveness criteria with the average student scores on mathematical reasoning and representation skills 

of 78,25 and 80,80 exceeding the minimum completeness criteria. 

 

This study obtained the lowest results on indicators of mathematical representation ability related 

to verbal representation at 81.2% and visual/graphical representation at 62%. This is also in line with 

research conducted by Utomo & Syarifah, (2021) where the research involving students in Malang 

Regency shows that there are still students with moderate and low representation skills, especially in 

visual/graphic and symbolic representations.  

 

 
Figure 4. Students Answers for Indicator 1 

As shown in Figure 4, students were able to represent the given problems accurately using 

appropriate mathematical symbols. This indicates that they understood how to translate contextual 

information into symbolic form. However, some students were not successful due to their inability to 

select or apply suitable symbols, or because their symbolic representations were inaccurate. 

 

For the second indicator, verbal representation, a mastery percentage of 81.2% was achieved. 

Examples of students who successfully met this indicator are shown in Figures 5.  

 

 
Figure 5. Students Answers for Indicator 2 
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These responses demonstrate that the students were able to communicate mathematical ideas 

clearly using appropriate verbal explanations. This reflects their understanding of the concepts presented 

in the questions. On the other hand, students who did not master this indicator generally struggled to 

express mathematical information coherently or completely in verbal form. 

 

The third indicator, graphical representation, had the lowest mastery percentage at 62%.  

 

 
Figure 6. Students Answers for Indicator 3 

Figure 6 shows an example of a student’s answer that successfully met this indicator. The student 

was able to organize data and information in a relevant graphical form, appropriate to the context of the 

problem. Students who did not achieve mastery in this indicator typically had difficulties connecting 

mathematical concepts with visual representations or lacked accuracy in presenting data graphically. 

 

Overall, the three indicators of mathematical representation showed varying levels of student 

proficiency. Symbolic and verbal representations were more easily mastered compared to graphical 

representation. This suggests a need for instructional strategies that strengthen visual understanding and 

encourage the use of graphical media to support comprehensive mathematical representation skills. The 

results of this study may be difficult to generalize to a wider population due to the limited sample and 

research context, due to time constraints, the methods used in this study did not reach the implementation 

stage. In addition, to test the effect of the developed module on statistical literacy, quasi-experimental 

research can be conducted for further research. This research can further determine the effect of e-module 

provision on mathematical representation skills. 

 

Conclusion 

The conclusion of this research is that the results of product development in the form of discovery 

learning-based e-modules oriented to students' mathematical representation abilities reach valid, practical, 

and effective criteria. The validity aspect of the e-module was reviewed from the experts' assessment 

which reached the criteria of “valid” and “very valid”. The practicality aspect reached the “practical” 

criteria based on the observation of learning implementation, assessment by teachers, and assessment by 

students. The effectiveness aspect has been achieved in terms of students' mathematical representation 

test results. The results of the field trial showed that more than 75% of students had achieved the Learning 

Objective Achievement Criteria (KKTP) with an average student mathematical representation ability 

score of 81,6. 
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