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Development of Project-Based E-Module to Facilitate Student's Mathe-
matics Collaboration and Communication in Boarding School

Abstract

Technological advances in mathematics education emphasize the importance of students having good math-
ematical collaboration and communication skills. However, the use of electronic-based teaching dguices that
support this is still rarely found, especially in Islamic boarding schools. This research aims to develoﬁaching
materials in the form of project-based e-modules to facilitate junior high school students' mathematical col-
labogmgion and communication skills for use in mathematics learning. This type of research is development
usinge Research and Development (R&D) methochend with the ADDIE (Analysis, Design, Development, Im-
plementation, Evaluation) model. The subjects of this research were students in class VIII-A Al-Izzah IIBS Batu
in the Islamic boarding school curriculum. Data collection techniques include unstructured observation and in-
tervigmes. Data collection instruments used expert validation sheets, e-module reflection sheets, and post-
testsme development of this learning media has been proven to be valid and practical, with an average per-
centage of validity of 95.86% and practicality of 93.33%. Apart from that, Project-based e-modules can support
students in communicating well so that collaboration is formed in teams that can respect differences of opinion
and be responsible for their contributions. Based on the results obtained, the project-based e-module is valid
and practical in facilitating Islamic boarding school students' mathematical collaboration and communication
skills in mathematics learning statistics material.

Keywords: Collaboration skill; Communication skill; E-modul; Project based.

Kemajuan teknologi dalam pendidikan matematika menekankan pentingnya siswa memiliki keterampilan ko-
laborasi dan komunikasi matematis yang baik. Namun, penggunaan perwkat ajar berbasis elektronik yang men-
dukung hal ini masih jarang dijumpai khususnya pada pondok pesantren™Penelitian ini bertujuan untuk mengem-
bangkan bahan ajar berupa e-modul berbasis proyek untuk memfasilitasi kemampuan kolaborasi dan komunikasi
matematis siswa SMP untuk digun dalam pembelajaran matematika pada. Jenis penelitian ini adalah
pengembangan menggunakan metod&Research and Development (R&D) dengan model ADDIE (Analysis, Design,
Development, Implementatjgma Evaluation). Subjek penelitian ini adalah siswa kelas VIlII-A Al-I1zzah I1BS Batu pada
rikulum pondok pesantrerpeknik pengumpulan data berupa observasi dan wawancara secara tidak terstruktur.
gstrumen pengumpulan data menggunakan lembar validasi ahli, lembar refleksi e-modul, serta post-test.
engembangan media pembelajaran ini terbukti valid dan praktis, dengan persentase rata-rata validitas 95,86%
dan praktisitas 93,33%. Selain itu, e-modul berbasis proyek dapat mendukung siswa dalam berkomunikasi yang
baik sehingga terbentuk kolaborasi dalam tim yang dapat menghargai perbedaan pendapat serta bertanggungja-
wab atas kontribusi mereka. Berdasarkan hasil yang diperoleh, maka e-modul berbasis proyek valid dan praktis
dalam memfasilitasi kemampuan kolaborasi dan komunikasi matematis siswa pondok pesantren pada pembela-
Jjaran matematika materi statistika.

school curriculum. This is because the Is-
lamic boarding school curriculum tends to
focus on religious learning and developing

INTRODUCTION

Entering the 21st century, the realm of ed-

ucation plays a significant role consider-
ing rapid advancements in science and
technology (Chen et al., 2023). In this con-
text, educators are mandated to possess
expertise in technology to foster student’s
thirst for knowledge (Arief et al., 2023).
Soleman et al., (2020) asserts that with
the current industrial revolution, there is a
need for innovation in the field of educa-
tion, especially in the Islamic boarding

students' morals and morals, so students
need to be given facilities to develop their
academic skills (Zhao et al., 2022). This
era necessitates digital learning materials
that enhance twenty-first century compe-
tencies, such as integrating communica-
tion and collaboration proficiencies (En-
gelbrecht & Oates, 2022).

Collaboration and communication



skills in mathematics can enhance compe-
tencies in the twenty-first century
(Movshovitz-Hadar et al., 2023). Collabo-
rative capacity manifests as a manifesta-
tion of collective effort between two or
more individuals with the aim of attaining
a mutually agreed-upon objective
(Aghakhani et al.,, 2023). Indicators of
mathematical collaboration encompass,
1) cooperating and contributing within
groups; 2) appreciating divergent view-
points for the attainment of shared objec-
tives; 3) assuming accountability (Trilling
& Fadel, 2009). When engaging in collab-
oration, students must also possess effec-
tive communication proficiencies (Lunen-
burg, 2010).

Mathematical discourse refers to
the proficiency of students in constructing
and elucidating a mathematical phenom-
enon utilizing visual aids such as graphs
and tables (Danuri & Choirunisa, 2023). An
individual who possesses commendable
communication abilities is someone who
can effectively convey their notions to
others (Stoehr, 2019). LACOE (Los Ange-
les County Office of Education) asserts
that mathematical communication en-
compasses written communication as
well as oral or verbal communication
(Tampubolon et al., 2021). There are also
discernible indicators of mathematical
communication, specifically, 1) translat-
ing cogitations into mathematical vernac-
ular; 2) employing skills to peruse, con-
strue, and appraise mathematical no-
tions; 3) employing mathematical ideas to
formulate  compelling justifications
(Planas, Nuria, and Evans, 2004).

To compete on a global scale, stu-
dents, particularly those in boarding
schools, necessitate 21st century compe-
tencies; hence, mathematical collabora-
tion and communication skills are of para-
mount importance (Chen et al.,, 2023).
Nevertheless, the implementation of
mathematical pedagogical models in

boarding schools remains conventional in
practice (Waswa & Al-kassab, 2023). This
assertion is corroborated in research (Her-
nandez-Martinez et al., 2023) that eluci-
dates how mathematics learning inade-
quately affords students opportunities to
actively engage in discussions and collab-
orate. The profusion of subjects in the
boarding school's curriculum poses chal-
lenges for students in honing their mathe-
matical proficiencies (Ramdhani et al.,
2021).

Based on observations and unstruc-
tured interviews at Al-lzzah IIBS (Interna-
tional Islamic Boarding School) Baty, it is
known that the learning characteristics
use standard Islamic boarding school
rules, which also prohibit the use of elec-
tronic devices in the form of cellphones
both in the school and dormitory environ-
ments. However, students are allowed to
use laptops in the learning process if
needed. There was also data obtained re-
garding current mathematics learning
which still has minimal group discussion
activities and collaborative projects. So,
this causes students to have less oppor-
tunity to develop their mathematical col-
laboration and communication skills.

Based on this, the field of mathe-
matics education necessitates innovative
approaches that can enhance Shiva's apti-
tude for collaborative and communicative
mathematical endeavors (Hinojosa &
Bonner, 2023). Project-based learning
(PJBL) is a pedagogical approach cen-
tered around students, characterized by
cooperation, interaction, and introspec-
tion within the context of real-world appli-
cations (Guo et al., 2020). Project-based
learning can actively engage students in
the classroom (Caridade, 2023). Conse-
quently, the implementation of projects
within collaborative learning environ-
ments effectively enhances proficiency in
mathematical communication  skills
(Stoehr, 2019). Furthermore, there are



project-based learning initiatives that can
support collaboration and the develop-
ment of mathematical communication
capabilities, which can be packaged in
modular teaching materials (Rochsun &
Agustin, 2020).

The teaching module, as described
by Merwe et al., (2020), is an autonomous
educational resource that encompasses a
series of structured learning experiences,
aimed at assisting learners in achieving
their educational objectives. The incorpo-
ration of modules into the learning pro-
cess can serve as an alternative approach
for learners to solve problems. The key
features of a teaching module include: 1)
clearly stated learning objectives, 2)
knowledge acquisition, 3) promotion of
active student engagement, 4) inclusion
of assessment mechanisms, and 5) com-
prehensive coverage of subject matter
and assignments (Hellmuth & Scholz,
2024). Teaching modules can be pre-
sented in the form of electronic modules
(e-modules) utilizing information and
communication technologies. An e-mod-
ule is defined as a computer-based learn-
ing medium that incorporates textual in-
formation, images, graphics, audio, ani-
mations, and/or videos into the learning
process (Baruah & Kakati, 2020). Accord-
ing to Engelbrecht et al., (2020), project-
based e-modules have demonstrated pos-
itive effects on student learning out-
comes. Therefore, the utilization of pro-
ject-based e-modules can enhance stu-
dent’s awareness of the material being
taught, while also fostering active partici-
pation in the learning process, ultimately
facilitating student’s collaborative and
communicative mathematical abilities
(Dewi & Lestari, 2020).

Several researchers have under-
taken studies on the development of pro-
ject-based e-modules for mathematical
education. The research conducted by

Dewi & Lestari, (2020) on the develop-
ment of teaching tools revealed that stu-
dents who utilized project-based e-mod-
ules achieved higher learning outcomes
compared to students utilizing traditional
learning media. Similarly, the develop-
ment of e-modules by Jayanti & Yunianta
(2022) yielded valid, practical, and effec-
tive teaching materials for facilitating the
comprehension of trigonometric con-
cepts in mathematical education. Addi-
tionally, there was an observable im-
provement in the effectiveness ofgghe
teaching materials, as evidenced by*the
pre-test and post-test results of the stu-
dents. However, the previous research en-
deavors focused solely on enhancing un-
derstanding and learning outcomes, with-
out addressing the facilitation of collabo-
rative and communicative mathematical
capabilities. Hence, the distinctive aspect
of this research lies in the project-based e-
module, which serves as an innovative
tool to foster student’s collaborative and
communicative  mathematical  skills.
Therefore, further research on the devel-
opment of this e-module is both valuable
and worthwhile.

METHOD

his research involves the utilization of

esearch and Development (R&D) ap-
proaches. The ADDIE (Analysis, Design,
Development, Implementation, Evalua-
tion) development framework was em-
ployed (Hu, 2023). The use of this type and
model g& development research aims to
produceteaching materials in the form of
project-based e-modules which are fo-
cused on facilitating students' mathemat-
ical collaboration and communication
skills which are arranged systematically.
The product developed was then tested
for feasibility using validity and tested to
determine the extent to which the e-mod-



ule could facilitate students' mathemati-
cal collaboration and communication
skills in statistics material.

During the analysis phase, research-
ers scrutinized the requirements by con-
ducting observations during the mathe-
matical learning process and unstructured
interviews with Al-Izzah 1IBS Batu's 8th-
grade math instructor. The analysis en-
compassed an examination of the curricu-
lum and the materials to be employed in
the e-module. The design phase entailed
the creation of products, specifically the
preparation of instgagtional materials and
the development oﬁne e-module design.
The e-module product design was crafted
using CoreIDRAW X7 software. The de-
sign of the e-module was customized to
align with predetermined materials and
real-world conditions to ensure ease of
comprehension for students. In the devel-
opment phase, the pre-designed e-mod-
ules were subsequently reviewed by the
supervising lecturer. Validation was then
sought from four experts, including two
academics and two practitioners. The
feedback obtained from this validation
process was utilized to refine the project-
based e-module that had been developed.
Subsequently, the e-module underwent
experimental testing to gauge its efficacy
in enhancing student’s mathematical col-
laboration and communication skills. Fi-
nally, the researchers conducted evalua-
tions based on post-test results adminis-
tered to students, utilizing qualitative
data to gauge the quality and feasibility of
the dgyeloped e-modules.

his research was conducted at Al-
Izzah Batu Junior High School during the
second semester of the 2qa®/2024 aca-
demic year. The participantsTn this study
were the students of class VIII-A at Al-
Izzah 1IBS Batu, totaling 28 students, of
which 27 students were involved. The ob-
ject of this study was a project-based e-
module. The data collection techniques

employed included observations and un-
structured interviews. The data collection
instruments utilized in this research in-
cluded expert validation sheets, post-
tests embedded in the e-modules, and
student reflection sheets. The expert vali-
dation questionnaires were distributed to
academic validators and practitioners.
The post-tests and learning reflection
sheets were administered to the students.
The megia validation questionnaires em-
ployed aTTikert scale assessment, with the
highest Likert scale value set at 4
(Strongly Agree) and the lowest at 1
(Strongly Disagree) (Lestari et al., 2022).
The questionnaire results were converted
into percentages and subsequently ana-
lyzed based on the validation assessment
criteria. Each aspect of the validation test
questionnaire grid was scored in accord-
ance with the provided guideline answers:

Table 1. Validation Assessment Criteria

6core (%) Criteria
5 <P <100 Very Valid

70 <P <8g Valid
55<P <70 Enough
4L0<P<5g Invalid

P <40 Very Invalid

Analysis of Practicality. This exami-
nation is employed to ascertain the extent
of practicability of the e-module formu-
lated in accordance with the declaration
on the validation sheet of the utilization
section (practicality). The scale employed
on the sheet is the likert scale utilizing the
checklist technique. The ultimate out-
comes of the subsequent declarations will
be presented based on the practical crite-

ria presented below (Chaisri et al., 2022).
Table 2. Practicality Criteria

éore (%) Criteria

<X<20 Very Impractical
20 <X <40 Impractical
40 <X <60 Less Practical
60 <x <80 Practical
80 <X <100 Very Practical




The post-test for students involved
posing several questions related to statis-
tical material following the implementa-
tion of the e-module. This was done to as-
sess the enhancement of student’s math-
ematical communication skills. Mean-
while, reflection activities were carried
out to determine the extent of collabora-
tion in the learning process.

Scoring the outcome of the reflec-
tion as the value of the mathematical col-
laboration aspect through the utilization
of a Guttman scale evaluation reveals two
possibilities, where "yes" corresponds to a
value of one (1) and "no" corresponds to a
value of zero (o) (Caridade, 2023). Subse-
quently, the results were converted into
percentages and examined based on the
criteria established by the Likert scale
(Nindiasari et al., 2022). The evaluation
rubric employed in this research for as-
sessing mathematical communication
skills is an adapted version derived from
the work of (Firda et al., 2019). The grad-
ing rubrics are assessed based on the indi-
cators of mathematical communication
abilities and are also converted into per-
centages and apalyzed using the Likert
scale, as depictedn the subsequent table.

Table 3. Likert Scale Score Percentage Criteria

Score (%) Criteria
X <20 Very Less
20 <X <40 Not Enough
40 <X <60 Enough
60 <x <80 Good
x> 80 Very Good

The technique employed for data
analysis in this study is qualitative descrip-
tive analysis, which elucidates the out-
comes of project-based e-module devel-
opment. The data collected from partici-
pants and validators is subsequently aver-
aged to ascertain the quality and feasibil-
ity of project-based e-modules in foster-
ing student’s mathematical collaboration
and communication skills pertaining to

statistical materials.

QESULTS AND DISCUSSION

Results

This research utilizes the ADDIE develop-
ment model which comprises of 5 stages
specifically analysis, design, develop-
ment, implementation, and evaluation.

Analysis

The outcomes of the analysis in the devel-
opment of project-based e-modules are
needs analysis, curriculum analysis, and
media analysis. Needs analysis is exe-
cuted by observation to the school to de-
termine the issues associated with the
learning process. The information ob-
tained is as follows: 1) Mathematical
learning tends to be traditional which
leads to a deficiency of student involve-
ment in the learning process; 2) The lack
of utilization of additional teaching mate-
rials other than school package books; 3)
Insufficient group discussions and collab-
orative projects because the learning
tends to concentrate on comprehending
mathematical concepts. 4) Students still
lack good mathematical communication
skills because the learning target is suffi-
cient to reach the understanding stage
without focusing on students explaining a
mathematical problem. So we need
teaching materials that can facilitate stu-
dents' mathematical collaboration and
communication skills.

Curriculum  analysis, conducted
based on the modern boarding school cot-
tage curriculum, which is integrated in
teaching and learning activities and habit-
uation activities by taking into account
school indicators and class indicators that
have been determined (Soleman et al.,,
2020). The result of this analysis is that
there is no emphasis on aspects of student



mathematical collaboration and commu-
nication, such as collaborative projects
and practice questions that direct stu-
dents to practice their mathematical com-
munication. Apart from that, students
only focus on learning at school when they
are in the classroom. In fact, teachers are
not allowed to give assignments to be
done outside of class because students al-
ready have a schedule for their religious
activities. Thus, the results of this analysis
have an impact on students' mathemati-
cal collaboration and communication abil-
ities whic%g'e less facilitated, especially
in statistics material.

Media analysis. Based on the analy-
sis executed, it results that the learning
medium previously utilized tends only to
motivate student learning and concen-
trates on aspects of understanding. As a
result, project-based e-modules were de-
veloped to facilitate both mathematical
abilities.

gesign

The subsequent stage is the design of the
product in the form of e-modules. This e-
module is designed according to the de-
velopment goal of facilitating student’s
mathematical collaboration and commu-
nication skills. Such goals are realized by
the completeness and clarity of the mate-
rials and components contained therein.
Collaboration is realized in the module
worksheet as a group project. Then for
communication aspects, it is realized in
the form of discussion sheets as well as
post-test questions containing mathe-
matical communication indicators. The
post-test question was adopted from a
study conducted by Firda et al., (2019).
Below is a flowcRart of the student learn-
ing process using-module:

Download or access e-modules via the
website

Read and understand the material in
“Learning Activities" independently

‘

’ -— [ Discuss with group members J

Worksheets

|

[Fillmlhe"F!eﬂemonunLearmng ’_.[ Doing the “Final Assessment of }

[ Doing collaborative project

Activities" Module”

Figure 1. Student learning process

E-moduIeQeference. In developing
the e-module, researchers search for and
collect references from a variety of
sources. Reference e-module views and
images from freepik.com; background
views from Canva; materials from
youtube, as well as previous researchers'
teaching modules. There are also e-mod-
ule designs created using the CoreDRAW
X7 application. After the e-module is com-
pleted, it will be created in the form of a
flipbook to facilitate reuse access.

Media strategies. The strategy is
formulated as a basic framework of the e-
module blueprint. The blueprint of this e-
module comprises: 1) Initial perspec-
tive/cover. This perspective contains the
title, target class, material, identity of the
compiler, as well as images characterizing
the uploaded material. 2) The second per-
spective, namely the introduction. 3) In-
troduction, which encompasses a descrip-
tion and instructions for the utilization of
the e-module. 4) RPP display (Learning
Implementation Plan) corresponding to
the 2013 curriculum. 5) Concept map sta-
tistical material. 6) Perspective the core
i.e. material, grouped project worksheets,
and study reflections as many as three
times the meetings presented in "Study
Activities 1,2, and 3". The first material
that is to know the data, further to the
second material is the presentation of the
data, and the measure of data centraliza-
tion as the last material. 7) The final as-
sessment perspective of the module,
there are two types of tests namely dou-



ble choice and description (post-test) con-
taining mathematical communication in-
dicators. 8) Evaluation indicators of the fi-
nal assessment work result of the module,
so that students can independently evalu-
ate the results of the work its on a multiple
choice question. g) Cover. 10) Appendix,
containing glossary, answer key, and scor-
ing rubric. 10) Library list.

I

» EModul Matematika SMP
STATISTIKA

' /

> J

/(///,/,

Disasin Ol
i

vill

Figure 2. E-modul Cover

Figure 4. Collaborative Project Worksheets
Instrument blueprint of the valida-
tion sheet. The validation sheet of the e-
module comprises the validation of mate-
rials and media that are synthesized into
one. Media validation has aspects of de-
sign, use (practicality), and consistency.

For validation the material includes con-
tent qualification aspects, validity qualifi-
cation aspects, presentation qualification
aspects, project-based learning aspects,
as well as mathematical collaboration and
communication aspects. The validation
instrument grid is attached to Figure 4 as
follows.

Aspek dan Indikator Juml::lll Bulic Nomaor Soal
Soal
Media
[esain 3 1.2.3
Penggunaan (Keprakiisan) 3 4.5.6
Konsistensi 2 7.8
Materi
Aspek Kelayakan Isi 5 o121
Aspek Kelavakan Kebahasaan 3 14,15.16
Aspek Penyajian 3 17,18,19
Aspek Pembelajaran Berhasis Proyek 2 | el |
Aspek Kolaborasi Matematis {Lembar 4 12732425
Kerja dan Refleksi Pada E-Maodul) ST
Asp_l:k k‘.umumk.am Mu[cmqus {Soal 3 26,2728
Uraian Pada Ascsmen Akhir Modul)

Based on the e-module grid in Fig-
ure 5, on the validation sheet there are 28
statements that need to be validated by
experts. Among them is the Usage (Prac-
ticality) aspect which consists of 3 ques-
tions. Where this aspect will be a refer-
ence for assessing the practicality of using
e-modules.

Development

At this stage that is to develop e-modules
that correspond to Qe strategies that
have been formulated'at the design stage.
The media used to develop the e-module
i.e. flipbook.

The steps in the e-module develop-
ment stage are that the researcher cre-
ates a display design for each of the com-
ponents to be loaded in the e-module,
then written in Microsoft Word, and fi-
nally made in pdf format. After that, the



file is included on the flipbook website so
that it is accessible using the internet and
flexible for repeated use. Here is the link
of the SMP statistics e-module:
https://online.fliphtmls.com/Itvta/nalj/

Once developed andrealized into an
e-module, it was then validated by 5 vali-
dators, 3 validators from the lecturer in
Mathematics Education of Muhammadi-
yah Malang University and 2 validators
from mathematics teacher Al-lzzah 1IBS
BatugLhe results of the e-module assess-
mentDy each validator can be seen in ta-
ble 4.

Table 4. Validator Assessment Results

Validator Score P (%) Criteria
1 112 100 Very Valid
2 110 98,2 Very Valid
3 102 91 Very Valid
4 107 95,5 Very Valid
5 106 94,6 Very Valid
P Average = 95,86 Very Valid

Table 4 reveals an average percent-
age of 95.86% with the classification of
"Very Valid," thereby affirming the excel-
lence and suitability of the e-modules as
instructional materials for mathematics
learning. The validity analysis findings are
further supported by the research con-
ducted by Ulfa et al., (2023), where a sim-
ilar percentage under the “Very Valid" cat-
egory was obtained during the media val-
idation phase, thereby confirming the
worthiness of the e-modules developed
for this project.

Practicality analysis. This analysis is
conducted based on the practicality as-
pect as assessed by the experts on the val-
idation sheet. The practicality analysis re-
sults are presented in Table 5.

Table 5. Practicality Aspect Score

Statement Average Score P (%)
Ease of use 3,8 95
Flexible to use 3,8 95

Clarity of instructions

for use 36 90

P Average = 93,33

Information: Maximum score = 4

Table 5 demonstrates an average
percentage of 93.33% for the practicality
scores of the e-modules with the classifi-
cation of “Very Practical”. Hence, it can be
concluded that the e-modules are highly
practical for utilization in mathematical
learning.

After the validation process is car-
ried out, the e-module is improved ac-
cording to the suggestions given by the
validator to produce an electronic teach-
ing module that is ready to be used in
learning.

E. Saran

Secara umum modul ini bagus, namun perlu disempurnaan penggunaan teks dalam
quation mestinya dicetak tidak miring. Contoh halaman 30 mestinya

Banyak data

Figure 6. Validator Suggestion/Comment

Mean Data Tunggal
Mean (£) dari data tunggal x,, 3, x5, ..., x, adalah

P U St Y _).‘7’-1-\'0 Ix _ jumlah data
n n n ~ banyak data

Figure 7. Before Revision

Mean Data Tunggal
Mean (%) dari data tunggal x,, x;, X3, ..., x,, adalah

= 11*‘-':*‘1*’"'4‘1"_):?-:1:_& _ jumlah data

n n n ~ banyak data

Figure 8. After Revision

Implementation

In the implementation phase, e-modules
were trialed directly on a group of 27 stu-
dents from the VIII-A Al-Izzah 1IBS Batu
class. Since the use of mobile phones is
prohibited in this educational institution
and the utilization of laptops is restricted,
the completion of group project work-
sheets is carried out with each group uti-
lizing only one laptop. Consequently, the


https://online.fliphtml5.com/ltvta/nalj/

work process must alternate in accord-
ance with the division of tasks.

This circumstance also impacts the
situation when students desire to review
the content on the e-module. To accom-
plish this, students must take turns utiliz-
ing the laptop, emphasizing the necessity
for effective collaboration. Subsequently,
students are required to complete individ-
val reflection sheets which are handwrit-
ten on paper, as students are unable to
operate laptops simultaneously.

The final stage of the implementa-
tion process involves post-test work. This
section is carried out individually, with
each sitting group of students having ac-
cess to a laptop to read post-test ques-
tions. As the process progresses, a timer is
displayed on the projector screen, serving
as an indication of the remaining working
time.

|
S

Figure 10. Working on Post-Test 7

At this stage, students work on the
"Final Module Assessment" which con-
tains 20 multiple choices and 3 descrip-
tions (post-test) with a duration of 5o
minutes with the aim of testing students'
understanding of statistical material.
Post-test work has problems, one of

which is the limited time available, be-
cause the previous subjects used more
learning time than they should. Apart
from that, students also tend to focus
more on working on multiple choice ques-
tions first so that the remaining time for
working on the description (post-test) is
very limited.

Evaluation

The concluding stage in the development
of project-based e-modules is evaluation
of the facilitation of students' mathemati-
cal collaboration and communication
skills in statistics material.

Analysis of mathematical collabora-
tion aspects. This analysis is performed to
determine the outcomes of student’s
mathematical collaboration based on
their learning reflections during meetings
1, 2,and 3. The learning reflections include
questions that are tailored to the indica-
tors of mathematical collaboration.

Tabel 6. Collaboration Score for Each Meeting
Reflec-

tion Score P (%) Criteria
1 71 87,6 Very Good
2 78 96,2 Very Good
3 80 98,8 Very Good

P Average = 94,2 Very Good

Information: Maximum Score = 81

Table 6 exhibits an average percent-
age of 94.2% with the classification of
“Verry Good", signifying that the e-mod-
ules excel in facilitating the aspects of stu-
dent mathematical collaboration.

Post-test analysis. This analysis is
conducted to assess the facilitation of
mathematical communication aspects
through the usage of e-modules. During
this stage, students engage in the "Final
Assessment Module," which comprises 20
multiple-choice questions and 3 descrip-
tive questions (post-tests) which is ad-
justed to mathematical communication
indicators.



Table 7. Communication Score of Each Number

Num Average Max

0, . .
ber Score  Score P (%) Criteria

1 32,14 35 91,8 Very Good
2 27,14 30 90,5 Very Good
3 22,32 35 63,77 Good

P Average = 82 Very Good

Table 7 demonstrates a mean pro-
portion of 82% with the classification
"Verry Good", hence e-modules are de-
noted as superlative in enabling facets of
students' mathematical communication.
Based on the findings presented in tables
6and7, it can be inferred that project-cen-
tered electronic modules are efficaciousin
facilitating students' mathematical coop-
eration and communication skill.

Discussion

This research developed a project-based
e-module in the form of a flipbook-
shaped. The digitally-flipped version of
the printed flipbook was chosen due to its
ability to not only facilitate digitally acces-
sible educational resources, but also en-
hance students' interactivity and interest
in mathematical learning (Campbell &
Yeo, 2023). Hence, project-based e-mod-
ules have the potential to enhance stu-
dents' motivation to learn and foster ac-
tive engagement in the learning process.
The developed e-module comprises
statistical materials for 8th grade stu-
dents, discussion tasks, and collaborative
project worksheets that can facilitate stu-
dent collaboration. Through collabora-
tion, students will inherently refine their
communication skills (Villeneuve et al,,
2019). The e-module is tailored for teach-
ing statistical materials in mathematics
and consists of three sessions. Each ses-
sion includes learning materials, discus-
sion tasks, collaborative worksheets, and
opportunities for students to reflect on
their learning. These reflections enable

students to not only assess their collabo-
rative efforts, but also identify any obsta-
cles they encounter during the learning
process.
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Figure 11. Respondent's answer in reflection 1

Figure 11 illustrates one of the re-
spondents' responses to Reflection 1.
Through this image, it becomes evident
that students encounter no difficulties in
comprehending statistical concepts when
employing electronic modules. Further-
more, the collaboration among students
while discussing and working on work-
sheets is commendable. This is evident in
the third point, which delineates the divi-
sion of tasks into groups.

When implemented in mathematics
classes, the e-module received a positive
response. Through collaborative projects,
learning becomes non-traditional and
places students at the forefront of the
learning experience. In addition to posi-
tive feedback from students, the mathe-
matics teacher at Al-Izzah 1IBS Batu also
expressed a favorable opinion regarding
the e-module. The e-module received
high ratings for its design, language, func-
tionality, and educational materials, mak-
ing it highly suitable for use in the learning
process.

Furthermore, in addition to facilitat-
ing collaboration through group project
worksheets, e-modules also enhance stu-
dents' mathematical communication
skills. This is evident in the discussion
tasks conducted during each session. The
e-module also includes a post-test section



that assesses students' mathematical
communication abilities.
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Figure 12. Students reflect thoughts into mathemat-
ical language.

Figure 12 demonstrates that stu-
dents possess the ability to articulate their
thoughts in mathematical language, as
evidenced by the line diagram depicted in
point a. Initially, students are provided
with raw data, which they then transform
into diagrams. Additionally, point b illus-
trates that students are capable of inter-
preting mathematical concepts and pre-
senting them in the form of compelling ar-
guments.
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Figure 13. Students make convincing arguments
based on mathematical ideas.
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Figure 13 shows that students could
compose arguments based on a form of
mathematical idea. At point a, students
can create a title based on a diagram, then
at point b students can explain it into a
story. This shows students have good
written communication skills.
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Figure 14. Students interpret mathematical ideas.

Figure 14 shows that students have
the skills to read, interpret and evaluate
mathematical ideas, with students first
reflecting their thoughts in mathematical
language. In point a, students are asked to
present raw data in the form of a fre-
quency table. Where in this case students
apply their reading and interpretation
skills. Then in points b and ¢, it shows that
students have good abilities in evaluating
mathematical ideas.

In addition to the post-assessment
responses to assess students' written ex-
pression, their verbal interaction was also
considered. By incorporating this elec-
tronic module offline, researchers can in-
fer based on their observations, that they
effectively interact with each other. This is
demonstrated by the utilization of coop-
erative assignments in the educational
setting. When students engage in dia-
logue and cooperate with the group, they
certainly utilize effective interaction to
achieve satisfactory project outcomes.

Drawing from this exposition, it can
be deduced that through the implementa-
tion of project-centered electronic mod-
ules, it can enhance mathematical inter-
action abilities and comprehension of sta-
tistical content effectively. This is con-
sistent with studies indicating that pro-
ject-centered electronic modules are effi-
ciently utilized in mathematical educa-
tion. Moreover, it was further emphasized
by Danuri who noted that project-cen-
tered electronic modules can enhance
students' mathematical interaction abili-
ties. Hence, the innovation of this investi-



gation lies in the creation of project-cen-
tered electronic modules that can facili-
tate students' mathematical cooperation
and interaction abilities on secondary
school statistical content.

To ensure accessibility, the project-
based e-module can be accessed online
through a website or downloaded in PDF
format, allowing for offline usage. This
flexibility and ease of access make the e-
module highly convenient. Additionally,
the e-module does not have any time re-
strictions, allowing for repeated usage.

Implications of Research

This study emphasizes the importance of
establishing specific conditions between
the researchers and the educational insti-
tution or subject of the study. These con-
ditions serve as the foundation for con-
ducting the study. Hgrthermore, this re-
search contributes tgm development of
teaching materials in the form of project-
based e-modules that facilitate students'
collaboration and communication of sta-
tistical materials. The e-module also ena-
bles self-directed learning as it can be
used repeatedly and is easily accessible.

Limitations

This study encountered limitations re-
lated to the use of devices as a learning
medium, specifically the limited availabil-
ity of laptops, with only one provided per
group. Additionally, the lack of internet
access in schools posed a challenge, re-
quiring the e-modules to be transferred
via flash drives to each laptop. However,
these limitations did not hinder the re-
searchers, as they were able to find effec-
tive solutions. It is important to note that
this study is limited in its generalizability
due to variations in the characteristics of
the study subjects and research locations,
which can influence the study's findings.

CONCLUSION

Based on the analysis of the research find-
ings, it can be deduced that the developed
project-centered electronic modules are
valuable tools that enhance the learning
process and foster students' mathemati-
cal collaboration and communication
competencies. The electronic modules fo-
cused on statistical materials fulfill the cri-
teria of validity, as evidenced by the aver-
age percentage of 95.86% obtained from
the validators. Furthermore, these mod-
ules meet the criteria of practicality, with
an average percentage of 93.33% ob-
tained from the three usage statements
on the validation sheet, thus categorizing
them as "Very Practical." Moreover, the
project-centered electronic modules ef-
fectively facilitate students' mathematical
collaboration and communication skills,
achieving an "Excellent" rating. Sugges-
tions for future research involve further
enhancing the electronic modules by con-
sidering various aspects especially in the
Islamic boarding school curriculum.
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