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Abstract

The ability of a mathematical connection is one of the skills that must be possessed by students in the learning process of mathematics.
Connecting mathematical concepts to gain a meaningful learning. Learning cycle 5E is one of the learning models that could improve
students' mathematical connection ability. Student worksheet is a teaching material which is in the form of papers containing a summary
of the materials, a guide for independent studying that refers to the basic competencies needed to be achieved. This article aims to devel-
op a student worksheet design that provides an opportunity for students to optimize students' mathematical connection ability in the inde-
pendent learning process based on the 5E learning cycle model. This research is for the development of the ADDIE model which consists
of four stages, which are: analysis, design, development, implementation, and evaluation. This research is only up to the design stage.
The subjects of the study are the students of SMP IT-Abu Bakar and MTs Mu'allimat Muhammadiyah Yogyakarta Indonesia. The in-
struments of the data collecting included interview sheets, document sheets, and description sheets. Interview sheets for retrieving curric-
ulum data and student characteristics, document sheets for evaluating teaching materials, and description sheets for determining students'
mathematical connection ability. Data analysis techniques uses qualitative data analysis. This research resulted in the design of student
worksheets that fit the characteristics of students, curriculum, and teaching materials as well as packaging it based on the LC 5E model to
provide a meaningful learning experience. Student worksheets are designed to facilitate students in learning activities and provide oppor-

tunities for students to optimize mathematical connection capabilities that are integrated into the learning model LC 5E.

Keywords: ADDIE; Learning cycle 5E; Mathematical connection.

1. Introduction

The ability of mathematical connection is the ability of students in
connecting mathematical ideas. The standard process on the aspect
of mathematical connection ability is connecting mathematical
ideas between topics, context related to other subjects, and the
correlation of mathematical ideas in real life. Students do not only
learn mathematics in their interests and experiences, but also get-
ting to know the usefulness of mathematics [1]. On the other hand
[2], explaination to students whether or not they have the ability to
reflect and see if they could dig problems, and try to find solutions
by using math ideas to solve the problem. Mathematical connec-
tions are greatly needed by students, especially for solving prob-
lems that require a relationship between mathematical concepts
with other concepts in mathematics and other disciplines, or in
everyday life [3]. The ability in mathematical connection is crucial
for the perception of students to see those mathematics as an uni-
fied whole, and the developer of capability in mathematical con-
nection is by problem-solving [4]. The ability of mathematical
connections have been widely researched by [3]-[10], and the
results of ability mathematical connection is still relatively low.
The same thing is also found by [5], [11] that students still view
the mathematical concept as fragmentary. Students have difficulty
in connecting mathematical concepts, mathematical concepts with
other disciplines and mathematical concepts in everyday life.

The Learning Cycle 5E (LC 5E) model is a theory-based learning
of constructivism that require students to discover and link prior
knowledge with new concepts [12]. Stages LC 5E consists of en-
gagement, exploration, explanation, elaboration, and evaluation.
Researchers [13]-[18] made mathematical learning by using an
effective LC 5E model. On the other hand [19], [20] using the LC
5E model is used to understand students in electrical concepts and
elasticity. Answering the concerns of the 21st century, the 5E
learning cycle provides a coherent contribution between teachers
and students in the knowledge-sense perspective [21]. To imple-
ment LC 5E, it requires instructional learning materials that sup-
ports the capability in mathematical connections. However, based
on the observation of the researcher, worksheets that are oriented
on the ability of mathematical connections are generally not avail-
able for school students.

The student worksheet is a teaching material that consists of sheets
of material summaries and self-directed work instructions refer-
ring to the basic competencies needed to be achieved [22] [23].
While the student's activity book is a collection of papers that
contains activities of understanding, knowledge, and attitude of
students. Student worksheets could also improve their achieve-
ments [24]. In the student worksheet, there are other disciplines
that instructional design could do effectively [25], [26]. Student
worksheets could also be a means to inculcate mathematical con-
cepts. This article proposes LC 5E-based mathematics worksheet
design revolving around students' mathematical connection ability.
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2. Method

This research is a development design research, which is design-
ing development of student worksheet based on LC 5E. This re-
search model uses the ADDIE model (Analysis, Design, Devel-
opment, Implementation, and Evaluation).

| Analyze I
|Imp|emenl|-—-| Evaluate |—-| Design |

/
| Develop |

Fig. 1: ADDIE model [27]

The development procedure includes analyzing, designing,
developing, implementing, and evaluating. This research is limited
only to the stage of designing to determine the mathematics
worksheet design based on LC 5E subject to build a flat side room.
This research was conducted in Junior High School SMP IT-Abu
Bakar Muhammadiyah and MTs Mu’allimat Muhammadiyah
Yogyakarta Indonesia. The object of the study includes curriculum,
student characteristics, and the evaluation of teaching materials.
The instruments for data collecting includes interview sheets,
document sheets, and description sheet. Interview sheets to
retrieve curriculum data, student characteristics, document sheets
to evaluate teaching materials, and description sheets to determine
students' mathematical connection ability. Data analysis
techniques used are qualitative data analysis consisting of data
reduction, data display, and conclusion. Data obtained from
observations and interviews conducted in schools are then
summarized and concluded. From the results of the analysis,
things that are needed in the development of student worksheets
are obtained.

3. Results and Discussion

The stage of data analyzing is done by data analysis in a theoreti-
cal manner as well as empirically to get to know students’ charac-
teristic, curriculum, and teaching materials. The observational
results of learning an interview with the teacher of SMP IT-Abu
Bakar and MTs Mu'allimat Muhammadiyah Yogyakarta Indonesia;
the learning process is still centered on the teacher, the students
tend to be passive therefore students' mathematical connection
ability has not been used maximally. Furthermore, the aspects of
mathematical connection ability could be seen from the work of
the students; concluding that students who weren’t able to solve it
were due to the imprecise use of mathematical formulas, students
did not understand the prerequisite materials, students have not
understood the relationship of mathematics in daily life and under-
standing of the problem which is related to other knowledge is still
lacking, these findings were revealed by the previous researchers
[41-[8], [15], [28]. Student worksheets that were previously used
did not include all competency indicators, and were presented in a
non-sequential manner. While the student worksheets with the LC
5E model refers to the indicators of competence and consists of
structured learning steps that involve students actively so that
students can interact with the given material, train their independ-
ence of learning, improve the mastery of the materials, and facili-
tate teachers in assigning tasks [29]. Moreover, the student work-
sheets with the LC 5E model provides an opportunity for students
to optimize students' mathematical connection ability in the learn-
ing process independently [30]. Therefore, at the design stage, the
preparation of core competencies, basic competencies, graduation
competency standards, student materials, test standards, media
selection in accordance with the characteristics, and the choice of

teaching materials format in the form of student worksheets used
by using model LC 5E oriented on the students’ ability of mathe-
matical connections. The benefits of this student worksheet is to
facilitate students in learning activities where students can arouse
interest and curiosity by linking illustrations into math problems,
exploring ideas in group discussions, presenting discussion results
using their own sentences in clarifying the findings, reworking the
concepts gained by working on individual problems, evaluating
answers and summarizing learning outcomes [19], [29], [30].

The design of the LC 5E student worksheet is an initial draft
which is then validated by an expert. Expert validation is per-
formed by one media expert and one material expert who aims to
obtain data on the validity of the student worksheet. In the devel-
opment of tests, legibility and field tests are carried out. The legal-
ity test is performed by one teacher to assess the readability of the
student worksheet before it is used in the field test, and also to six
students with high, moderate, and low ability to assess student
worksheets. After the further examination is conducted, field test
aims to obtain data about the feasibility of student worksheets
regarding students' mathematical connection ability. The initial
draft of student worksheet that has been designed:

3.1. Student worksheet cover
The student worksheet cover is made attractive so that students are

interested in working on student worksheets. Figure 2 is the design
of the student worksheet cover.

Lembar Kerja Siswa

MATEMATIKA

Bangun Ruang Sisi Datag’

Rima Nur'Afifah

s,

% & Magister Pendidikan Matematika

H 2 Program Pascasarjana
Universitas Ahmad Dahlan

S

Fig. 2: Cover
3.2. Preface

Writing that contains the author's gratitude for having completed
the student worksheet design. Figure 3 is the design of the preface.
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Kata Pengantar

Puji syukur kehadirat Allah Swt berkat rahmat dan
kamunia-Nva penulis bisa menvyelesaikan Lembar Kerja Siswa
(LKS) Bangun Ruang Sisi Datar Berbasis Learning Cycle 5E
Kelas VIII. Shalawat serta salam semoga tercurah pada junjungan
Nabi Muhammad SAW sebagai motivater dalam menuntut ilmu.

LKS Bangun Ruang Sisi Datar Berbasis Leamning
Cycle Kelas VIII disusun dengan harapan dapat memfasilitasi
pemahaman konsep dan kemampuan koneksi matematis siswa.
LKS ini menyajikan tzhapan cara berpikir siswa vang mengacu
pada langkah SE dalam rangka memahami konsep pelajaran dan
melatih siswa untuk terbiasa mengkoneksikan konsep matematika
dalam pembelajaran.

Penulis menyadari dalam penyusunan LKS ini masih
jauh dari kata sempurna. Oleh karena ifu. kritik dan saran dari
pembaca senantiasa penulis harapkan. Atas perhatian dan
kerjasamanya diucapkan terimakasih_

Penyusun

. /

Fig. 3: Preface

3.3. Quiality instructions

Figure 4 contains the steps to use the student worksheet.

7

1. Bacalah LKS dengan teliti I

2. Disknsikan masalah dalam LKS dengan teman satu kelompok
(4-5 orang).

3. Tuliskan hasil diskusi kelompok didalam lembar yang telah
disediakan.

4. Jelaskan hasil diskusi kelompok kalian diddepan guru dan
temanmu .

Kelompok :
Anggota :
1

2
3.
4.
5.
3 J
Lo moo e

Fig. 4: Craft instructions

3.4. Lesson analysis

Lesson analysis is designed to determine core competencies, and
essential competencies. It aims to acknowledge the content deliv-
ered. Figure 5 is the essential competencies, indicators, objectives
and learning activities.

ot \
3.9 Membedakan dan menentukan luas permukaan dan volume
bangun ruang sisi datar (kubus. balok. prisma. dan limas)

3.9.1 Menemukan luas permukaan kubus dan balok
3.9.2 Menemukan luas permukaan prisma vang didapat dari
penurunan rumus luas permukaan balok

2.Siswa dapat menemukan luas permukaan kubus dan balok
3.Siswa dapat menemukan luas permukaan prisma yang didapat
dari penurunan rumus luas permukaan balok

1.Menemukan luas permukaan kubus dan balok
2Menemukan luas permukaan prisma vang didapat dari
penurunan rumus luas permukaan balok

\, J/
Fig. 5: Are the essential competencies, indicators, objectives and learning
activities

3.5. Material and questions

The materials and questions in the student worksheet are packaged
in accordance with the LC 5E model. LC 5E learning model is
chosen because it contains the meaningful learning theory of Au-
subel and Vygotsky learning theory, it is an important aspect that
must be possessed by the students that are connecting new
knowledge and understanding the cognitive framework already
possessed by the students, moreover, the students gain a meaning-
ful learning [12]. This step consists of;

3.5.1. Phase engagement

In this phase, students are expected to connect the illustrations of
daily life problems with mathematical concepts presented in a
topic, it aims to generate and explore the initial knowledge, ideas,
interests, and curiosity of students [14],

 mae wordprass. com fr.aliexpress.com

citrzalam id

Coba perhatikan rubrik, roti tawar, ka'bah, kue punjung, pengahapus
dan tenda. Gambar di atas membentuk bidangbidang yang
merupakan bidang bangun ruang sisi datar. Dapatkah kalian
m em bedakan banzun-banzun di atas? B erapakah baryak rusuk pada
masingmasing gambar? Coba amati adakah tiza msuk vang
berpotongan pada satu titik? Jika ada, sebutkan dan berapa
L}:barlj-‘alym}-‘a'? Dapatkah kalian m enghitung luas bidang sisinya? y

0

Fig. 6: Phase engagement
3.5.2. Phase exploration

Students are given the opportunity to work together to resolve the
problems presented in small groups of 3-5 students. In the phase,
there are three activities that students carry out with student work-
sheets; a. Prerequisite knowledge activities where students are
asked to recall the concept that had been studied, b. Finding the
concept activities, which is armed knowledge of the students’
prerequisite to find the concept, c. Concluding activities, after
students recall and have found the concept of the next step, stu-
dents then conclude the concept that has been obtained afterwards.
It aims to provide student-centered learning. In this phase, stu-
dents actively convey ideas and those that involve personal expe-
rience in everyday life, as shown in Figure 7, 8, 9, and 10.

' ™
H 2 Mengeksplorasi ﬂ

Buatlahkelompok vangterdini dari 1-3 siswa. Diskusikan
dengan kelom pokmu bagaim ana caram enjawab pertanyaan
berikut dan bagaimana cara m enemukan luasperm ukaan
bangunmang sisi datar darim asalah berikut!

¢ Darikeenam gambar di atas, ada berapa banvak sisi
pada keenam bangun?
# Bagaimana bentuk dan ukuran sisi-sisinya?
¢ Ada berapa banyak titik sudut pada setiap bangunnya?
» Ada berapa banyak diagonal sisi pada setiap bangunnya?
* Ada berapa banyak dia gonal mang pada setiap bangunnya?
¢ Ada berapa banyak bidang diagonal pada bangunnya?
- >

e e e Y e ey i st AR~

Fig. 7: Phase exploration
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Fﬁ A
Perhatikan gambar kubus di bawah ini, apa vang terjadi apabila
lwbus di potong menjadi bentul seperti berilut

o NN
1. Berbentuk apakah bangun pada Gh. 27
1
2. Berapakah panjangnya?
——
3. Berapakah lebarnya? Gh. 2
——
4. Berapakah luasnya?
I
\ 7
[l

Fig. 8: Phase exploration (knowledge prerequisite activities)

Rty |

Jawablah pertanyaan berikut sesuai dengan gambar vang

o

disajikan.
Gb.3 Gb.4

Perhatikan Gb. 3 uank | Bagaimana jadinya apabila keenam
menjawab pertanyaan di bawah persegi di bawah ini dijadikan sanu?
1. Gb. 3 berbentuk apa? Seperti pada Gb. 4?

2. Babetik 32 s 1. Ada berapa banyaknya s'§ kubug?

bangun kubus? ey
3. Ada berapa banyaknya - ‘?uasnvz m?ss il
sisi kubus? 3. Jadi apakah luas keenam

4. Berapakah panjang rustknya? - poncun di atas ama?
5. Berapa luas setiap ss-ssnya? , Apabila panjang rusuk kubus = 5,
maka berapakah luas setiap sist kubus?
5. Berapakah luas semua sisi-sist kubus ?

\ v

Bl

Fig. 9: Fase exploration (activities to find concepts)

r_ B

Setelah melakukan kegiatan-kegiatan sebelumnya simpulkan
informasi yang kalian dapat kedalam soal yang telah disediakan!

Jika panjang rusuk kubus=
s dan luas kubus=L, maka
L=

Gh.5

\, 7

Fig. 10: Phase exploration (activities concluded)

3.5.3. Phase explanation

Students clarify their findings in the exploration phase by explain-
ing the concepts obtained at the time of discussion with the stu-
dents’ own sentences, and critically listens to each other's explana-
tions between students or teachers, as shown in Figure 11.

7 ™)

| 3. Menjelaskan |

Jelaskan di depan gurn dan teman lainnya tentang hasil
temuan dan bulti diskusi kelompok kalian padakegiatan
pengetahuan prasyarat, kegiatan penemuan konsep, dan
kegiatan menyimpulkan sampai proses penemuan rumus
dengan bahasa kalian sendiri!

“ r

[Matomatike kelas Vill - Bangun Ruang Sisi Datar > 11

Fig. 11: Phase explanation

3.5.4. Phase elaboration

Students apply the concepts and skills learned in the new context
in the form of questions that have been prepared so that students
individually blend. This problem is a matter of mathematical con-
nections that link the concepts that have been learned to be
brought into the solution of the problem so that students will re-
member the concept that were previously learned [6], as shown in
Figure 12.

” ™,

i 4. Elaboration

Kerjakan soal berikut dengan teliti!
1. Volum kubus vang mempunyai ukuran panjang sisi 9
2. Jika luas permukaan kubus 294 cm? Volum kubus
3. Panjang diagonal sisi kubus adalah 10y/2Z cm. Luas
perrmukaan kubus adalah ...
4. Panjang rusuk dua buzh kubus masing-masing 6 cm
dan 9 cm._ Perbandingan volum kedua kubus adalah ...
5. Sebuah ruangan berbentuk balok berukuran panjang 4
m, lebar 3 m. dan tinggi 12 m. Tentukan luas dari

mangan tersebut ...

\ r

[ Matematike keles Vil - Bangun Ruang Sisi Datar > 12

Fig. 12: Phase elaboration

3.5.5. Phase evaluation

Students are guided by teachers to conduct self-evaluation by
doing the evaluation questions based on indicators of mathemati-
cal connection ability so that students understand the shortcom-
ings and advantages in the learning process and teachers could
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draw conclusions on the competencies that have been studied.
This is done so that the next learning process is better. This issue
provides a meaningful learning experience so that the material
learned would be remembered in memory. The problem in the
evaluation phase could be used as an evaluation in implementing
the use of LC SE student worksheet, as shown in Figure 13.

” y

5. Evaluation E

1.Ariel akan membuat mainan dari kardus berbentuk kubus
dengan panjang sisi 20 cm. Berapa cm kardus yang
dibutuhkan ariel untuk membuat mainan?

2 Vania mempunyai toples berbentuk balok yang berukuran
panjang 40 cm, lebar 12 cm dan tinggi 15 cm. Jika diisi
penuh dengan air, berapa liter air vang ada di dalam toples?

3_Sebuah rumah berbentuk balok akan dicat dindingnva. Jika
ukuran panjang, lebar, dan tinggi berturut-turat adalah 7 m,
6 m, dan 5 m_Berapa luas dinding yang dicat?

4. Sebuah kolam ikan berbentuk kubus yang menampung air
sebanyak 125000 cm?® Berapakah ukuran panjang kolam
ikan tersebut?

5.1vara akan membuat almari berbentuk balok yang berukuran
panjang 2 m. lebar 1 m. dan tinggi 1.5 m. Jika harga
permeter kayu 50.000.~meter persegi. Hitunglah biaya yang
dibutuhkan untuk membuat almari?

[Meatomatikakolas Vill - Bangun Ruang Sisi Datar > 13

Fig. 13: Phase evaluation

4. Conclusion

The results of the analysis; obtainment of student worksheet cov-
ering the core competencies, basic competencies, graduation com-
petency standards and mathematics materials were packaged
based on the LC 5E model to provide a meaningful learning expe-
rience due to learning LC 5E there are structured learning steps
that involve students actively so that the materials learned would
be remembered in memory. The selected materials woke up a flat
side room because many students only memorized the formula
alone without knowing the origin of the formula [12]. The uses of
student worksheets are to facilitate students in learning activities
and provide opportunities for students to optimize the ability of
integrated mathematical connections in the learning model LC 5E.
From the result of the research, it can be concluded that the devel-
opment of the mathematics student worksheet based on LC 5E
learning model is up to the design stage. For the next stage, the
researcher will proceed with the development, implementation and
evaluation stage.
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