Jurnal Gantang IX (2) (2024): 229-242

JURNAL

GANTANG

JURNAL GANTANG

e-ISSN: 2548-5547
p-ISSN: 2503-0671

http://ojs.umrah.ac.id/index.php/gantang/index

Development of an interactive E-Module based on realistic
mathematics education (RME) to enhance students' mathematical
reasoning skills on parallel lines and angles

Scristia', Tatang Herman'*, M. Nuur’aini Sholihat?, Novita Sari’

"Universitas Pendidikan Indonesia, Bandung, Jawa Barat, 40154, Indonesia
2Universitas Sebelas April, Sumedang, Jawa Barat, Indonesia
3Universitas Islam Nusantara Al-Azhaar Lubuklinggau, Sumatera Selatan, Indonesia
*Corresponding Author: tatangherman@upi.edu

Submission: December 1%, 2024; Accepted: December 24%, 2024; Published: December 31%, 2024
DOI: https://doi.org/10.31629/jg.v9i2.6955

Abstract

This study aimed to develop an interactive e-module based on the RME approach, focusing on parallel lines and
angles. The e-module was designed using a development studies approach with two main stages: preliminary and
formative evaluation. These included self-evaluation, expert review, one-to-one trials, small group trials, and field
tests. Data were collected through validation sheets, student response questionnaires, pretests, and posttests. The e-
module was deemed valid and practical, with average validation scores from experts and students of 4.4 and 4.89,
respectively. Furthermore, the effectiveness of the e-module was measured using T-Test and N-Gain analysis,
which showed a significant improvement of 38% in students’ mathematical reasoning skills. The findings
demonstrate that the RME-based interactive e-module is an effective teaching tool for enhancing mathematical
reasoning skills, particularly on parallel lines and angles. This e-module provides an alternative solution for
teachers to facilitate interactive, context-based, and independent learning, aligning with the demands of 21st-
century education. Future research could explore integrating virtual laboratories or GeoGebra software into the e-
module and applying it to other mathematical topics, such as angles in polygons.
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I. Introduction thinking and problem-solving, which are crucial

Mathematics education has seen major
changes with the rise of digital technology. This
shift has made learning easier and more engaging
for students while preparing them to navigate the
challenges of a rapidly evolving, interconnected
world. By integrating technology into education,
students can develop essential skills like critical

EY NC SA

for success in the Industry 4.0 era. Among these,
mathematical reasoning is a vital skill that helps
students think logically, understand problems,
and find systematic solutions (Habibi &
Suparman, 2020; Jeannotte & Kieran, 2017;
Reiss et al., 2008).
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Despite these advancements, many
Indonesian  students  still  struggle with
mathematical reasoning. According to the
Program for International Student Assessment
(PISA), Indonesia ranks lower in mathematical
literacy than other countries. This indicates that
Indonesian students possess relatively weak
mathematical reasoning abilities. These findings
are consistent with previous research, revealing
that Indonesian students struggle to develop
mathematical reasoning skills (Cook et al., 2023;
Sari et al., 2020; Scristia et al., 2023). This
reflects a gap in students' ability to reason
mathematically, often due to outdated teaching
methods that fail to connect mathematics to real-
life contexts. Additionally, there is a lack of
engaging and contextual learning materials (Bal
& Seckin Kapucu, 2022). These challenges make
it hard for students to understand abstract
mathematical concepts and apply
thinking to solve problems.

logical

Mathematical reasoning is not just about
solving problems; it is about identifying patterns,
understanding relationships, and building deeper
insights into our world. Furthermore, Hendriana
et al, (2018) stated that mathematical reasoning
is an essential thinking pattern for solving
problems, drawing conclusions, and generating
new statements based on existing information.
For example, reasoning allows students to see
how numbers and shapes relate to the real world,
form hypotheses, and validate their ideas through
logical proof. This process strengthens their
understanding and builds a foundation for
lifelong learning in mathematics (Hanna, 2000;
Stylianides, 2007; The National Council of
Teachers of Mathematics, 2000).

One effective approach is Realistic
Mathematics  Education = (RME),  which
emphasizes using real-world contexts to teach
mathematical concepts, making learning more
meaningful for students (Bal & Seckin Kapucu,
2022; Dinglasan et al., 2023). Using real-world
contexts aligns well with the challenges posed by
students' low achievement in mathematical
Students  often  find

reasoning. abstract
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mathematical concepts difficult to grasp, which
can hinder their ability to reason mathematically.
By embedding these concepts within familiar
and tangible contexts, RME reduces cognitive
load and helps students see the relevance of
mathematics in everyday life, thereby fostering a
deeper understanding and better reasoning skills.
Research supports the effectiveness of
RME in improving mathematical reasoning. For
example, (Saleh et al., 2018) demonstrated that
students taught using RME significantly
enhanced their ability to construct logical
arguments and justify their solutions. Similarly,
Heriyadi and Prahmana (2020) highlighted
that RME's emphasis on real-world scenarios
enables students to approach problems
systematically and engage more actively in
learning. Such findings underscore the potential
of RME to address the persistent issue of low
achievement in mathematical reasoning, offering
both a theoretical and practical foundation for
enhancing students' skills in this critical area.
Teaching materials have become
increasingly important in the learning process in
the digital era. As a form of digital teaching
material, E-modules provide flexibility for
students to learn independently and interactively.
Then, E-modules designed with the RME
approach can help
mathematical  concepts

understand
real-world

students
within
contexts and develop their reasoning skills
(Aulia & Prahmana, 2022). Although prior
studies have developed RME-based e-modules
for various mathematical topics (Aulia &
Prahmana, 2022; Farida et al., 2022; Putri et al.,
2020), few have focused on parallel lines and
angles and their role in mathematical reasoning.
While previous research has extensively
explored mathematical reasoning, such as the
reasoning types used in proofs and descriptive
reasoning abilities, the limited focus has been on
tools to enhance reasoning skills. Research
specifically utilizing RME-based e-modules to
facilitate reasoning and meet the "Reasoning and
Proof" standard set by NCTM remains scarce.
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Previous studies have shown that the
RME approach effectively enhances students’
mathematical reasoning skills. For instance,
(Heriyadi and Prahmana, 2020) found that
students taught using RME demonstrated
significantly improved reasoning abilities
compared to those taught using conventional
methods. Similarly, (Hilaliyah et al., 2019)
highlighted that using real-world contexts in
RME helped students better understand
mathematical concepts and develop reasoning
skills.

However, while ample research exists on
RME in
developing interactive RME-based e-modules for
parallel lines and angles are limited. Most prior

mathematics education, studies

research has focused on other mathematical
topics, such as numbers and algebra (Sudarman
& Vahlia, 2019; Zakiyah et al., 2019). Based on
a literature review, several research gaps need to
be addressed. First, despite the proven
effectiveness of RME, few studies have
integrated it into interactive e-modules for
parallel lines and angles. Second, previous
research has primarily focused on improving
general mathematical understanding, with
limited attention to enhancing reasoning skills in
this specific topic. Third, there is a growing need
for interactive and contextual digital teaching
materials to support learning in the digital era.
However, the development of e-modules meeting
these needs remains limited (Aulia & Prahmana,
2022; Zakiyah et al., 2019).

This study aims to develop an interactive
e-module based on the Realistic Mathematics
Education (RME) approach for parallel lines and
angles that is valid, practical, and effective in
enhancing the mathematical reasoning skills of
eighth-grade  students.  Specifically, the
objectives of this study are: (1) To design an
interactive RME-based e-module aligned with
the curriculum and students’ needs; (2) To test
the validity and practicality of the developed e-
module through expert validation and student
trials; and (3) To measure the effectiveness of
the e-module in  improving students’

mathematical reasoning skills through pretests
and posttests.

This research is expected to provide
significant theoretical and practical
contributions. Theoretically, it will enrich the
literature on RME-based teaching materials and
their use in mathematics education. The findings
are expected to guide teachers in developing and
using effective interactive e-modules to enhance
students' reasoning skills. Moreover, the
developed e-module can serve as an alternative
teaching material for online learning, supporting
adaptation to changes and challenges in digital-
era education. This study also aims to address
the low levels of mathematical reasoning skills
among Indonesian students, contributing to
overall improvements in mathematics education
quality. Therefore, the development of this
RME-based interactive e-module is anticipated
to significantly impact students' mathematical
skills and prepare them to face future challenges.

II. Research Methods

This study applied a design research
method in the form of development studies,
which consisted of two main stages: preliminary
and formative evaluation. These stages included
self-evaluation, expert review, one-to-one trials,
small-group trials, and field tests (Tessmer,
1998). Figure 1 illustrates the development flow
of the e-module.

Low resistance to revision —— High resistance to revision

A

Revise Revise Revise
'

self ! Small Field
Evaluation ' Group Test
'

—»| One-to-one

14.

Figure 1. Formative evaluation design flow

This research was conducted during the
second semester of the 2023/2024 academic year
at SMP Negeri 3 Lubuklinggau, involving two
groups of subjects: 35 students from class VII.1
(10 male and 25 female students) and 8 students
from class VII.2 (4 male and 4 female students).
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The data collection instruments included
validation sheets for content and media experts,
student feedback  questionnaires, pretest
questions, and posttest questions. The validation
sheets assessed the e-module's validity, while the
student feedback questionnaires gathered
responses regarding students' experiences after
using it. The pretest and posttest questions were
designed to measure the potential impact of the
e-module on improving students' mathematical
reasoning skills.

The e-module was deemed valid and
practical if the average score met at least the
"good" criteria. To evaluate the product's
potential impact, the pretest and posttest scores
of students' mathematical reasoning abilities
were analyzed using the T-Test and N-Gain test
with Ms. Excel and SPSS v.26. The analysis
employed the Paired Sample T-Test, which
examines the effects of a specific intervention on
the same group at two different points in time.
The e-module was considered to have a
significant impact if the Paired Sample T-Test
result was less than 0.05, indicating a meaningful
difference between the average pretest and
posttest scores before and after using the e-
module. Another indicator of its effectiveness
was an improvement in students' mathematical
reasoning skills, as reflected by an N-Gain score
of at least 0.3, which is categorized as moderate
(Bao, 2006; Hake, 1998): g > 0,70 (tinggi); 0,30
< g<0,70 (sedang); and g < 0,30 (rendah).

II1. Results and Discussion

Result

This study consists of two main stages:
the preliminary stage and the formative
evaluation stage. Below is a description of each
stage.

Preliminary Stage

This stage begins with an analysis,
followed by a product's design based on the
needs analysis results. During the analysis phase,
the researcher conducted various activities, such
as curriculum analysis, student characteristic
analysis, and teaching material analysis. These
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analyses were based on interviews with teachers
and student observation sheets.

The needs analysis revealed several key
points: (1) SMP Negeri 3 Lubuklinggau uses the
Kurikulum Merdeka; (2) the lesson plans (RPP)
used by teachers align with the Kurikulum
Merdeka and develop learning materials based
on Core Competencies, Basic Competencies, and
Indicators; 3)
mathematical reasoning abilities need
improvement; (4) the current teaching materials

Achievement students’

used by teachers are not effective in enhancing
students' mathematical reasoning; (5) teachers
require teaching materials that actively involve
students in the learning process to reduce
teacher-centeredness, enabling students to
become more independent; and (6) based on
student characteristics, teaching materials
accessible via smartphones and self-learning-
friendly, such as e-modules, are needed to
facilitate learning and increase interactivity when
studying parallel lines and angles.

Based on observations and coordination
with mathematics teachers, class VII.2 students
were selected as test subjects for the one-to-one
and small group stages, while class VILI
students, consisting of 35 students with varying
levels of ability, were chosen as test subjects for
the field test stage. The researcher then designed
solutions for the issues identified during the
analysis. An e-module based on Realistic
Mathematics Education (RME) and oriented
toward improving students' mathematical
reasoning skills was designed for the topic of
parallel lines and angles in grade VII. The e-
module includes content, mind mapping,

learning  trajectories, learning  objectives,
prerequisite  materials, interactive  student
activities, interactive worksheets, and

assessments to measure student understanding.
Additionally, research instruments were
designed, such as content expert validation
sheets, media expert validation sheets, student
response questionnaires, and pretest and posttest
questions.
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Formative Evaluation

At this stage, the researcher carried out
several sequential steps, including self-
evaluation, expert review, one-to-one, small

group, and field tests.

Self-Evaluation

The researcher assessed the e-module
and research instruments regarding content,
structure, and language in this phase. Based on
the self-evaluation, several significant changes
were made. Improvements included adding
prerequisite materials that students need to
master, adding instructional videos to assist
students struggling with prerequisite materials,
and revising activities to become interactive
using Articulate Storyline software. The results
of this self-evaluation phase were referred to as
Prototype 1.

Expert Review

During the expert review phase, the
process began with validating the research
instruments, followed by product validation of
Prototype 1. The validated research instruments
included both non-test and test instruments. The
non-test instruments validated consisted of
content expert validation sheets, media expert
validation sheets, and student response
questionnaires. The reviewers for non-test
instruments were Muhammad Rizal Usman,
M.Pd., a Mathematics Education lecturer at
Makassar University (February 26, 2024), and
Elika Kurniadi, M.Sc., a Mathematics Education
lecturer at Sriwijaya University (February 27,
2024). Validation was conducted online via
Zoom and email. The evaluation results indicated
that the instruments were valid in content,
structure, and language, concluding that they
were usable with revisions.

The validated test instruments consisted
of pretest and posttest questions, each containing
five essay questions. Validation was conducted
by Dr. Meryansumayeka, M.Sc., and Weni Dwi
Pratiwi, M.Pd., Mathematics Education lecturers
at Sriwijaya University. Validation was
conducted online via WhatsApp and email. The

validation results showed that both pretest and
posttest questions were usable with revisions.
After revisions, the pretest and posttest questions
were piloted on 17 students outside the research
class on May 6, 2024. The pilot results were
analyzed using IBM SPSS Statistics 32, with
pretest validity results in Table 1.

Table 1. Pretehsenst results

N r r count

table QI Q2 Q3 Q4 QS5

17 0.532 0.553 0.553 0.539 0.740 0.649

Table 1 shows that questions 1 to 5 are
valid because the r count exceeds the r table
(Mohsen, 2011). The pretest reliability test
yielded a Cronbach's alpha value of 0.871,
indicating that the pretest questions are reliable
(0.871 > 0.6). Similarly, posttest validity testing
was conducted, with results shown in Table 2.

Table 2. Posttest results

N r r count

table QI Q2 Q3 Q4 QS5

17 0.532 0.543 0.533 0.647 0.623 0.623

Table 2 indicates that questions 1 to 5
are valid because the r count exceeds the r table
(Mohsen, 2011). The reliability test for the
posttest yielded a Cronbach's alpha value of
0.812, confirming reliability (0.812 > 0.6).

Subsequently, the researcher conducted
validation of the e-module on Prototype 1 that
had been previously developed, and it was then
submitted to experts for validation. Content
experts and media experts carried out the e-
module validation. The content validators in this
study were Syaiful Hamzah Nasution, M.Pd., a
Mathematics Education lecturer at Universitas
Negeri Malang, on April 22, 2024, and David,
M.Pd., a middle school mathematics teacher, on
April 23,2024,

The media validator was  Dr.
Meryansumayeka, M.Sc., a lecturer in
instructional media at the Mathematics

Education program of Universitas Sriwijaya,
who conducted the validation process on April
27, 2024. The e-module validation was
conducted both in person and via the WhatsApp
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online platform. The results of the validation by
the content experts, including comments and

suggestions, are presented in Table 3.

Table 3. Suggestions and feedback from content

experts

Suggestions for Improvement

Validator 1

Conclusion slide on Opposite Angles: The
notation in the red circle indicates an angle. It
is recommended that the symbol for angle
measurement (m in front) be included. Angles
and angle measurements are different. Angle
measurements use the equals sign, while
angles use the congruence sign.

Slide on Opposite Angles: Provide activities
for students to demonstrate that opposite
angles are equal, such as manually tracing,
cutting, and pasting angles.

Transversal Line Section: Ensure it is shown
that the transversal line does not intersect at
two points on lines m and n, and observe how
students respond.

Clearly define acute angles as less than 90° or
between 0° and 90°.

Use GeoGebra and insert it into the Articulate
Storyline to illustrate the conditions of two
intersecting or parallel lines.

Clearly distinguish between line segments,
lines, and rays.

Differences between angle points and vertices
can confuse middle school students.

Pay attention to the angles formed by a
transversal line on two non-parallel lines. In
English, they are called '"corresponding
angles," while in Indonesia, they are referred to
as sudut sehadap. The condition of
corresponding angles remains valid for non-
parallel lines, but the difference with parallel
lines lies in their measurements. According to
the theorem, if 1 // m, then m£A = m4B.

= Activities on Angles Formed by a
Transversal: For manual activities, use paper,
scissors, and glue. For instance, angle Al can
be traced using plain paper, cut, and pasted on
angle B1, showing that Al and Bl are equal,
referred to as sudut sehadap (corresponding
angles). The same applies to opposite angles.
These activities can be converted into virtual
activities.

*  Virtual Activities: Create manual activities in
virtual form to ensure the e-module effectively
demonstrates technology utilization.

* Measuring Angles: Add materials about
measuring angles using rays. For example,
provide patterns to illustrate how the sum of
angles divided by a ray works.

*  Prerequisite Materials: Add prerequisite
materials about the relationships between two
lines (intersecting, parallel, and coinciding).

Meanwhile, Table 4 presents the results
of the media expert validation, including
comments and suggestions.

Table 4. Comments and suggestions from media
experts

Dr. Meryansumayeka, M.Sc.

» The source of the video used from YouTube
must be included.

= The activity for discovering opposite angles
should be interactive, allowing students to fill in
step-by-step proofs.

= Many arrows at the bottom are still locked,
preventing transitions to the next slide.

= The sound in the video has not yet appeared.

= The researcher should record the results of
students' work in the evaluation section.

»  Add animated images to enhance the appearance
of the e-module.

Validator 2

Context of Daily Life: The daily life problems
used are too complex for grade VII middle
school students. Consider using examples like
road intersections or railway tracks that show
angles formed by two parallel lines and a
transversal.
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After completing the product validation,
the researcher made revisions based on feedback
and suggestions from content and media experts.
Some of the revisions can be seen in the
following images. The learning activities
(materials) section improvements included
adding explanations and statements encouraging
students to think critically and reason, as shown
in Figure 2.
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Garis Transversals

&
Sudut Dalam Berseberangan

/Sekarang bagaimana jika\,
garis ] dan garis m
\_dipotong oleh garisn /

/Sekarang bagaimana jika™, Qd —
garis/dangarism |
\\_dipotong oleh garisn /

\

Ketika sebuah garis memotong dua garis pada titk
yang berbeda, itu disebut transversal. Pada
Ah gambar di bawah ini, garis / memotong g dan b
e pada dua titik berbeda, yaitu titik P dan titik Q.
Oleh karena itu, garis | adalah garis transversal.
Garis transversal dapat memotong dua atau lebih
garis yang sejajar atau tidak sejajar (paralel atau
Pada gambar di ates, dari sudut-sudut yang non-parallel).
dibentuk oleh dua garis ¢ dan m, dan garis n yang
memotong t dan m, maka sudut-sudut seperti

Pada gambar disamping, garis
Zadan Ze, Zb dan Zf,

1)s adalah transversl ar dua geris
Zcdan £g, Zd dan Zh 3fa non-paralel adan b.
dinamaken sudut-sudut sehedap.
b s/6 menggambar
Selain itu, sudut-sudut seperti Zb dan Zh, s i P o
Zcdan Ze disebut sudut-sudut dalam berseberangan. / e

Figure 2. Before revision (left) and
after revision (right)

Revisions were also made to the context
used, replacing the railroad context with an
activity where students are invited to engage in
interactive tasks to solve the given problem, as
shown in Figure 3 below.

Dishusi Perhatikan gambar berikut
Sudut Bertolak Bebahang i =T

berapakah besar sudut 4
dan 2d? o

b, 2,

Gambar ot

Pada gambar lintasan kereta api apabila digambarkan akan
membentuk dua garis yang saling berpotongan. Gars RS dan
garis PQ, berpotongan di titik T seperti pada gambar 2,
Sehingga membentuk 4 sudut yaitu £T1, £T2, £T3, dan £T4,
Jika besar sudut ZT1 adalah 75°. Tentukan besar sudut £T2,
£T3, dan £T4, dan jelaskan apa yang dimaksud dengan
pasangan sudut yang bertolak belakang?

g Tulisjawaban di kotak bawsh ini

type your text here

Langkah 1: Perhatikan Gambar 2, kemudian hitung £T4.
£ZTieLTa= | udut Berpelurus)

Dari hasil in, Langkah 2: Hitung besar £T3
dapat disimpulkan bahwa :

z 3 (Sudut Bertolak Belakang)

m_ o o ims o

Figure 3. Before revision (left) and
after revision (right)

Meanwhile, improvements to the media
included adding instructions for each activity
that students must complete, as shown in Figure
4 below.

B. Mengubeur Sudut
Pode u

Mengubur Sudut

34.32°

‘Secara manual, kita dapat menggunakan alat ukur sudut yaitu busur, Pl
tanda busur di pojok kanan atas unuk megukur sudut Alat ini dapat
membantu kta mengukur suatu sudut yang sudah terbentuk dan

Untuk setiap sudut A, maka ukuran /A , membenluk besar sudut yang akan digambr.

yaitu m /A, terletak diantara 0 dan 180.

R
50/ mZA=50°
/
180 ‘o 180

0. g X o
5 A Q Untuk setiap sudut A, maka ﬂuranZA )
yaitu m /A, terletak diantara 0 dan 180.

S yaitu derajat ()
Besar sudut P dlambangkan dengan m ZP.

/" Im/A=50°
/

/
50 g

Figure 4. Before revision (left) and
after revision (right)

One-to-One

During the one-to-one stage, the product was
tested on two students from class VIL.3 at SMP
Negeri 3 Lubuklinggau, who had diverse
abilities. This activity was conducted on May 4,
2024. The purpose was to obtain general
feedback from students regarding the learning
activities within the e-module. Comments and
suggestions from students at this stage did not
indicate significant changes. Therefore, the
researcher decided to proceed to the small group
stage. During the one-to-one stage, students'
activities were carried out following the
instructions provided by the researcher via
WhatsApp. The implementation of the one-to-
one activities is shown in Figure 5.

\ :
Figure 5. Students participating in the
one-to-one stage

Small Group

At this stage, Prototype 2 was tested on six
students from class VIL.2 at SMP Negeri 3
Lubuklinggau. The small group activities were
conducted on May 7, 2024. During this stage,
students were asked to use the e-module. The
purpose was to observe students' responses to the
practicality of the e-module before it was tested
on a larger scale. The results of the student's
responses are shown in Table 5.

Table 5. Scores of student responses in the small
group stage

Student Score Criteria

S1 89 Good

S2 85 Good

S3 82 Good

S4 78 Fair

S5 80 Good

S6 82 Good

Total Score 496 -

Average Score 82,67 Good
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Based on the student response scores in
Table 5, the average score obtained was 82.67,
categorized as good. This indicates that the
RME-based e-module is considered practical. At
this stage, students were also asked to provide
comments as input for improving Prototype 2
before it was tested in the field test stage. The
comments and suggestions from students during
the small group stage are presented in Table 6.

Table 6. Comments and suggestions from small group
Comments and Suggestions

» The system marked incorrect answers as
wrong, even though the correct answers were
given.

= Learned a lot about angles through this e-
module, making it easier to understand.

»  The e-module did not explain acute, right, and
obtuse angles; only videos were provided.

=  The section for filling out opposite angles was
confusing, as there were no instructions on
where to input the answers.

= Seeing the protractor that can measure angles
and movable lines made it more interesting and

engaging.
»  When dragging corresponding angles, I was

confused about where to click, as no
instructions were provided.

Significant improvements were made to
Prototype 2 based on the comments and
suggestions from students during the small group
stage. These included adding instructions for
each activity, providing explanations about types
of angles, revising correct answers in the
evaluation questions, and ensuring that all
buttons function interactively for students. The
revised prototype at this stage was referred to as
Prototype 3. The next step involved testing
Prototype 3 in the field test stage to examine the
potential effects of the e-module on students’
mathematical reasoning skills. The
implementation of the small group stage is
shown in Figure 6.
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Figure 6. Discussion activities with the small group
regarding feedback and suggestions for e-module
improvements

Field Test

Prototype 3 of the e-module was tested
during the field test stage on class VII.1 students
at SMP Negeri 3 Lubuklinggau, who were the
research subjects. The teacher conducted the
learning activities using the e-module in class
VII.1, which consisted of 35 students. In the first
meeting, the researcher provided a pretest to
assess students' mathematical reasoning skills
before using the e-module. The pretest consisted
of five essay questions.

For two subsequent meetings, the class
VIL.1 students used the e-module to study the
topic of parallel lines and angles. The teacher
recorded the learning activities to ensure no steps
in the e-module were skipped, starting with
prerequisite materials. As an introduction, the
learning began with presenting a context in
which students observed problems related to
parallel and intersecting lines. Then, they used
models from the problems to represent them
mathematically. Students were asked to write
down the solutions and ideas they derived
through construction. Interactivity was present
within the e-module and in the classroom, where
students discussed with their peers and teachers
whenever they faced difficulties. Finally, using
connections, students could relate the material
they had learned. This teaching approach aligns
with the principles of RME developed by De
Lange (van den Heuvel-Panhuizen, 2020).

In the fourth meeting, the researcher
administered a posttest to evaluate the students’
reasoning skills after using the e-module during
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the learning process. Students were also asked to
complete a questionnaire regarding their
responses to the e-module. The questionnaire
results from class VII.1 students indicated a high
level of e-module practicality, with an average
score of 87 out of 35 student responses.

Subsequently, the potential effects of the
e-module on students' mathematical reasoning
skills were analyzed using the T-Test and N-
Gain tests. The normality test results showed a
normal distribution for the pretest and posttest
scores of students' mathematical reasoning skills.
The results of the Paired Sample T-Test showed
a significant difference between the average
pretest and posttest scores. Additionally, based
on the N-Gain test, there was a 38%
improvement in  students’  mathematical
reasoning skills after using the e-module. This
confirms the potential of the RME-based e-
module to enhance students’ mathematical
reasoning skills on the topic of parallel lines and
angles.

Discussion

The findings of this study demonstrate
that the e-module based on the Realistic
Mathematics Education (RME) approach is
valid, practical, and effective in enhancing
students' mathematical reasoning skills. This
aligns with the study's original objective to
create an interactive and contextual learning tool
that addresses students' difficulties in
understanding abstract mathematical concepts.
By integrating RME principles, the module
contextualized these abstract concepts, making
them relatable and easier to understand. The
results showed a significant 38% improvement in
students' mathematical reasoning abilities, as
indicated by the N-Gain test. This improvement
confirms the module's effectiveness in fulfilling
the study's objective to enhance reasoning skills
through contextualized and interactive learning.

The significant improvement in students'
reasoning skills can be attributed to the RME
approach, which emphasizes connecting
mathematics to real-world contexts. For instance,

including GeoGebra-based activities allowed
students to visualize and manipulate geometric
representations, fostering deeper conceptual
understanding. This approach aligns with De
Lange's principles of RME, which emphasize
guided
engagement (van den Heuvel-Panhuizen, 2020;
Warsito et al., 2018). Interactive elements, such

reinvention and active  student

as drag-and-drop tasks and instructional videos,
enhanced the learning  experience by
encouraging active participation and self-
directed exploration. The findings are consistent
with previous research on the effectiveness of
RME in improving mathematical reasoning
skills. (Tumangger et al., 2024) Reported that
RME-based interventions significantly enhance
students' ability to connect mathematical
concepts with real-world applications. Similarly,
(Falah and Komaro, 2016; Samura et al., 2022)
highlighted the role of interactive and contextual
learning materials in fostering critical thinking
and problem-solving skills. However, this study
extends the existing literature by demonstrating
of RME-based
specifically for parallel lines and angles. This
area has received limited attention in prior

the potential e-modules

research.

This study contributes to the field by
addressing a specific gap: the lack of interactive
e-modules designed to teach parallel lines and
angles using the RME approach. Unlike
traditional teaching materials that rely on rote
memorization, this e-module emphasizes
understanding  through  exploration  and
discovery. Integrating technology, such as
GeoGebra and Articulate Storyline, adds a layer
of interactivity that sets this research apart from
previous studies. Additionally, the systematic
validation process involving expert reviews and
iterative  revisions ensures the module's
robustness and applicability in real classroom
settings. The results of this study have broad
implications for mathematics education. They
underscore the importance of incorporating
technology and real-world contexts into teaching
materials to make learning more engaging and
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effective. Furthermore, the study highlights the
potential of RME to address
challenges in  mathematical

persistent
reasoning,
particularly in topics that students find abstract
and complex.

Future research could explore the
application of RME-based e-modules to other
mathematical topics or grade levels to assess
their generalizability. Additionally, longitudinal
studies could examine the long-term impact of
such modules on students' reasoning abilities and

overall mathematical proficiency. Another
promising avenue for future research is
investigating the integration of artificial
intelligence into  e-modules to  provide

personalized feedback and adaptive learning
experiences.

In conclusion, this study demonstrates
that the RME-based e-module
enhances students' mathematical reasoning skills
by addressing their conceptual difficulties and

effectively

fostering active engagement. The findings
support the growing evidence supporting
contextual and interactive learning approaches in
mathematics education. By offering a practical
and innovative solution to challenges in teaching
parallel lines and angles, this research paves the
way for further advancements in the field.

Understanding the Concept of Parallel and
Transversal Lines

Students’ difficulties in understanding
the definition of parallel and transversal lines
were a major concern for the researcher in
revising the e-module. For example, during an
activity involving a slider to demonstrate that the
distance between lines m and » remains constant,
students did not recognize this as a property of
parallel lines. They needed to understand that
parallel lines are two lines on the same plane that
never meet. An additional GeoGebra activity
addressed students' difficulties in understanding
parallel lines. In this activity, students used a
slider to adjust the slope of the lines and
observed what happens to point C when the
slope of one line is different from the other.
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Figure 7. Student activity to understand the
properties of parallel lines

Students also struggled to identify that a
transversal line intersects two parallel lines at
different points. The line cannot be considered a
transversal if this condition is not met. This
difficulty stemmed from a lack of information
about the definition of a transversal. To address
this issue, the e-module included additional
information on the transversal slide as follows:

“When a line intersects two lines at
different points, it is called a transversal. In the
diagram below, line [ intersects a and b at two
points, P and Q. Therefore, line | is a
transversal. A transversal can intersect two or
more lines, whether parallel or non-parallel.”

Another issue arose during discussions
about parallel lines and angles, where students
struggled to arrive at the following conclusion:

“Line segment AB serves as a
transversal to XY and PQ, and angles X and Y
are corresponding angles of equal measure.
Therefore, XY and PQ are parallel line
segments.”

Prototype 2 was validated and deemed
appropriate for use by incorporating these
revisions. It was then tested during the small
group stage, where six students used a student
response questionnaire as the assessment tool to
evaluate its practicality. The evaluation results
indicated that the e-module met the criteria for
practicality. After incorporating feedback from
the small group stage, Prototype 3 was
developed and subsequently tested during the
field test stage.

In this stage, the e-module was tested
with 35 students to measure its potential effect
on students' mathematical reasoning abilities.
The analysis showed a significant difference
between pretest and posttest scores, with a 38%



Scristia et al.: Development of an interactive E-Module...(21)

improvement in  students'  mathematical

reasoning abilities.

IV. Conclusion

This study resulted in developing a
learning tool that applies the principles of
Realistic Mathematics Education (RME) as an
interactive e-module focusing on parallel lines
and angles. The e-module was designed for
implementation with seventh-grade students at
public junior high schools in Lubuklinggau City.
The RME-based e-module was developed
through development studies, which consisted of
two main stages: initial and formative
evaluation. These stages included self-
evaluation, expert review, one-to-one trials,
small group trials, and field tests. Validation
results from five validators indicated that the
RME-based learning tool achieved a high level
of validity in the context of the e-module. The
feasibility evaluation by wusers, particularly
instructors, yielded an average score of 4.4,
indicating that the e-module is highly feasible.
Additionally, student evaluations produced an
average score of 4.89, indicating high feasibility.

Based on these findings, the developed
learning tool effectively facilitates mathematics
learning, particularly in parallel lines and angles.
The tool has demonstrated its ability to achieve
students' learning objectives comprehensively,
enhance student engagement during the learning
process, and elicit positive student reactions
regarding the learning experience. The
developed tool can also be applied to teaching
angles in polygons. It has shown the capacity to
facilitate comprehensive learning outcomes,
increase student engagement and participation,
and generate positive reactions to using the e-
module.

The development of the RME-based
learning tool for parallel lines and angles has
certain limitations. The trial was conducted on
only 17 seventh-grade students from SMPN 3
Lubuklinggau. Further trials involving a larger
sample size are needed to evaluate the
application of the material presented in this e-

module, particularly focusing on angles with a
curriculum typically taught in third-grade
elementary school. Another limitation lies in the
selection of contexts; for SMPN 3 Lubuklinggau,
the only context familiar to students was the
railway station 600 meters from the school.
Additional contexts that effectively illustrate the
properties of opposite angles or parallel lines
should be considered.

For future research, it is recommended
that broader scale development and testing of
mathematics learning tools be conducted.
Interactive e-modules could be enhanced by
directly integrating GeoGebra software and other
virtual laboratory tools to allow students to
perform discovery experiments. This approach
could be extended to angles in polygons as a
continuation of parallel lines and angles.
of RME-based
learning tools, such as e-modules, has been
highlighted in a study by (Ramadhanta et al.,
2024; Samritin, 2023), which states that the
RME approach improves students' reasoning

The effectiveness

skills. It enables students to understand and
overcome basic mathematical challenges, engage
in logic and problem-solving when encountering
real-world contexts, process information, solve
problems, and make logical decisions. Students
also develop more efficient strategies for
addressing mathematical problems. Consistent
with the analysis of students’ scores before and
after intervention in this study, the average
mathematics score improved from 80.35,
indicating a 38% increase in mathematical
reasoning skills after using the reasoning-
oriented interactive e-module. This demonstrates
a significant improvement in students' reasoning
abilities following the intervention with the
RME-based e-module.
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