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Abstract

The development of information and communication technology (ICT) in the 21st century
makes it easier for students to be more active in the learning process. Physics learning
materials are needed to support the problem-based learning process in high school. This study
aims to produce e-learning models for problem-based learning on Heat and
Thermodynamics topics. The result shows media can be used in learning in high school class
XI. We uses the research and development method, with the Dick and Carey model. The study
was conducted in a digital media laboratory, Physics Education Department of Universitas
Negeri Jakarta from January to June 2018. E-Learning models have been produced for
problem-based learning in the topic of Heat and Thermodynamics. This WordPress-based E-
Learning model can display physics material enriched with images, graphics, animations,
simulations, and videos. Students are facilitated to understand the concepts learned. The e-
learning model is equipped with assessment tools that can be used online. Students are
facilitated to learn independently without limited space and time. The E-learning model
developed was also equipped with discussion groups in the form of chats for all registered
users. The media validation obtained the results of system evaluation, content, and e-learning
infrastructure with 78.9 points average. The material validation gives an 81.55 rating.
Concerning media and material, e-learning media is declared feasible as a medium for self-
learning. The e-learning model for problem-based learning is feasible to use to train the ability
to critical thinking, creative thinking, collaborative, and communicate for students in high
school.
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INTRODUCTION

The progress of Information and Communication Technology (ICT) has changed the pace of
information access acceleration. The interactions that have occurred have been made easier and more
diverse (Husain 2014). The progress of ICTs has created new methods of learning. These new
methods can integrate into learning materials. Learning can be displayed contextually (Rahmayanti
2015). The use of ICT has changed the 21st century learning process a lot. With the help of ICT the
formal learning process is not only carried out in the classroom but can be carried out the classroom
outside (Zubaidah 2016).

ICT integration also supports student-centered learning processes. Students in the 21st century are
required to: (1) get used to finding their information; (2) able to identify and formulate the problems;
(3) able to work effectively in a groups; and (4) have high creativity (Sani 2014). At present the role
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of teachers in the learning process shifts to a facilitator for students. Teachers are required to be
competent in designing learning following the character of 21st century students. In preparing
teachers must combine the competencies that achieved by students with the demands of 21st century
skills (‘Yadzi 2012).

The implementation of learning needs to synergize between teachers and students. Teachers need
to have skills in integrating ICT in the learning process. Teachers must also be skilled in the use of
ICT media (Harianto 2016). Students need to have learning and innovation skills, skills in using
technology and information media, also can work and survive by using life skills (Haryono 2017).
Students need to develop skills known as 4C (communication, collaboration, critical thinking and
problem solving, and creativity and innovation) (Wijaya 2016). The implementation of ICT in
learning planning is certainly inseparable from the learning model chosen in learning plan. The
problem-based learning model is one of the ideal learning models to train the ability of students to
critical thinking, creative thinking, collaboratively, and communicate (Zubaidah 2016).

One form of ICT application in education is the implementation of the learning process by
utilizing various electronic learning resources. The ICT can utilize us the internet network and
unlimited by space and time. The implementation of ICT in the learning process integrated in a
system that we know as E-Learning (Nugraheni 2009). E-Learning is learning by utilizing computer
and internet technology (Silahuddin 2015). In addition to technological elements, developing E-
Learning must pay attention to the elements of pedagogy, because learning is a comprehensive
activity, including cognitive, affective, and psychomotor (Aunurrahman 2009). E-learning designers
also need to pay attention the needs of their users so that the website created can be used publicly
(Taylor 2002). Visual factors on the website are also important to note to attract many users
(Papachristos 2013).

The technical development of E-Learning divided into two forms, namely LMS (Learning
Management System) and CMS (Content Management System) (Trisnaningsih 2016). One of the
most popular CMS in the world is WordPress (Sudaryono 2016). WordPress has several advantages
including free, open source based, easy to operate, so many plugins are always developing, SEO
friendly, and can be used offline (Leone 2013).

RESEARCH METHODOLOGY

This study aims to produce media e-learning in the form of WordPress-based for Heat and
Thermodynamics topics. The resulting media used for class XTI high school student’s with problem-
based learning. This study uses the research and development method, with the Dick and Carey
model. The Dick and Carey research and development model consists of ten steps, but only the first
nine steps are carried out in our study (Dick & Carey 2015), as follows:

1) Identify instructional goals and objectives. Conduct an analysis on basic competencies about
heat and thermodynamics that must be possessed by high school students.

2) Complete instructional analysis. Analyze concepts and material principles relevant to the heat
and thermodynamic competencies that high school students must have.

3) Determine the entry behaviors and learner characteristics. Analyze the learning characteristics
of students, the basic abilities of students, and the competencies that must be possessed by
students.

4) Write the performance objectives. Formulate learning objectives to be achieved by students
after learning on the media developed.

5) Develop the criteria of referenced e-learning assessment instruments. Arrange the grid and
grading instruments to measure the achievement of basic competencies about heat and
thermodynamics by high school students.

6) Develop instructional e-learning strategies. Develop learning plans and the blue print of learning
media using problem-based learning.

7) Develop and choose learning materials and online activities. Develop learning materials based
on the blue print. Choosing videos, images, graphics, animations, and simulations that are
relevant to problem-based learning material.
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8) Design and implement formative evaluations. Develop instruments for assessing the feasibility
of e-learning media and the suitability of the material presented for basic heat and
thermodynamic competencies in problem-based learning. Conduct the e-learning media
feasibility tests for problem-based learning to material experts, media experts, and e-learning
media users, namely teachers and students in high school.

9) Carry out revisions or improvements. Improving e-learning media by the input of material
experts, media experts and e-learning media users

Research and development was carried out in the digital media laboratory in FMIPA Universitas

Negeri Jakarta. Field tests conducted in several high schools in Jakarta. Research time January - June

2018. Feasibility validators are learning material experts and e-learning media experts from the

Physics Education Department of Universitas Negeri Jakarta, and material experts are lecturers from

the Physics Department of Universitas Negeri Jakarta.

RESULTS AND DISCUSSION
The Design of E-Learning Model

WordPress-based E-Learning model in the Heat and Thermodynamics topics consists of the
following components.

Homepage
We can access the WordPress-based E-Learning model on Heat and Thermodynamics topic

through http://smartlearning.fisika-unj.ac.id/11a. The following will describe the e-learnig product
description.

. 4682278435428 | B nasmartieaming@gmallcom | Welcome to my E-Learning.

L +682278435428 | % nasmartiearning@gmail.com | Welcome to my E-Learning,

(b)
FIGURE 1. Display the Homepage of E-Learning.
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Materi Pembelajaran

Fasilitas

)

Animasi

(b)
FIGURE 2. Display Homepage after scrolling: (a) material, facilities, and (b) widgets.

Instructions page

The instructions page is a web page that contains instructions on how to use web e-learning, such
as how to register, logging on, and how to use the facilities provided by the website.

. +682278435428 | = ttasmartleaming@gmail.com | Welcome to my E-Learning. Quick Links

#_4_" E-Learning Fisika 11 SMA

:R& ;‘ Topik Kzlor dan Termodinamika
‘\\:\ 7
Bl Materi ~ | ForumDiskusi ~ | Register

Petunjuk

PETUNJUK

E-Learning Fisika SMA Kelas X! topik Kalor dan Termodinamika dapat diakses di alamat http://smortlearning fisika-unj.ocid/11a. Berikut ini beberapa petunjuk yang harus
dipahami sebelum belajar menggunakan E-Learning Fisika SMA Kelas XI topik Kalor dan Termodinamika:

1. Setelzh kses alamat £-Learning ing fsika-un.ac.id/1 1) maka akan muncul tampilan homepoge seperti gambar dibawah ini:

4 E-Learning Fisika 11 SMA B

&

2. Di tampilan homepoge terdapat menu home, petunjuk, materi, forum diskusi, register, dan login.

3. Sebelum memulai pembelajaran, Guru dan Peserta Didik harus mendaftar teriebih dahulu dengan mengakses menu “Register”

FIGURE 3. Display instructions page.
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Register dan login page

Register is a web page that contains a column to register as a web user. Login is a web e-learning
page that is used to enter the web to access the facilities provided by the website.

. +682278435428 | % nasmartleaming@gmail.com | Welcome to my E-Learning.

5 E-Learning Fisika 11 SMA

;Si;; e s =R

Register

New User Registration

Choose a Username™
First Name™

Last Name™

Emai®

Password”

Confirm Password™

Required field

FIGURE 4. Register display.

. +682278435428 | 1 ttasmartleaming@gmail.com | Wekcome to my E-Learning.

T E-Le isika 11 SMA
£\ E-Learning Fi
§ gl Topik Kalor da: rmodinamika
aqf; pik K
TN
Login

FIGURE 5. Login display.
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About us

About us is a page that contains information about the web, such as what material is provided,
administrators, and consultants.

. +682278435428 | i n1asmartleaming@gmail.com | Welcome to my E-Learning. Quick Links

. E-Learning Fisika 11 SMA

Ir ié;w Topik Kalor dan Termodinamika
.
I P _

About us

SELAMAT DATANG DI E-LEARNING FISIKA SMA KELAS XI

Apa itu WordPress?
WoardPress merupakan salah satu CMS (Content Management System) yang paling popular. CMS WordPress bersifat open source, yang dapat dimanfaatkan untuk membuat
sebuah blog atau web. CMS WordPress memiliki beberapa keleihan di antaranys adslah mudah dioperasikan, tersedia banyak plugin yang selalu berkembang, tema yang

bervariasi, SEO friendly, mendukung banyak kategori artikel dan dapat digunakan secara offfine. Namun, dalam mengembangkan Wordpress kita harus memiliki keterampilan
tentang HTML, hosting, PHP, dan javascript.

Materi yang dapat di akses di F-Learning Fisika SMA:

v TIPS i

FIGURE 6. About us display page.

QA\‘

Physics Material

On the physics material page displays the physical material contained in E-Learning. Users can
access the desired physics material after logging in.

. +682278435428 | % 11asmartieaming@gmail.com | Welcome to my E-Learning.

_4_~, E-Learning Fisika 11 SMA

[ T R o [ o |

LP Courses

Home / LP Courses

- Teori Kmetlk Gas
Termodinamika Free 4dminsma114  Suhu dan Kalor
Free 2dminsma114 Free 4dminsmai1a

FIGURE 7. Physics material page display.

Physics material are presented following the stages of problem-based learning. The first stage is to
display a video about a problem that is the subject of the material to be studied. Students orient
themselves to the problems presented. Students are given several questions to be able to formulate
hypotheses. Teachers can see students' hypotheses in the chained quiz section.

The second stage, students are organized for collaborative learning. Media e-learning provides a
discussion forum between groups to understand the material they are learning. The teachers can see
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the activities of students in discussion forums on e-learning media. This stage will help students to
collaborate and communicate under the material studied.

suhu dan Kalor &
Pendahuluan

FAKTA 1

Amatilah video berikutini

Suhu dan Kalor P

Jawablah pertanyaan berikut ini dengan baik dan benar.

KEGIATAN

Leave a Reply

(b)
FIGURE 8. Preliminary display of material; (a) Orientation to the Problem, (b) Student Organization for Learning.

The third stage, investigation and data collection. Information is presented in the form of literature
studies, simulations, observations through video, animation. Students are expected to get complete
information to answer the problems presented at the beginning of learning.

The fourth stage, presents the results of the discussion. Students learn to write learning
conclusions in the dialog box provided. Students are required to answer a series of questions that
measure the level of understanding of the material. This activity is presented in the Quiz and Survey
Master section.
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Suhu dan Kalor e

1. SUHU

Konsep subu berasal dari nkuran tingkat kalor (panas) yang dimiliki suaty benda. Suatu benda
mengandung panas yang cukup tingsi atau banyak maka temperaturenya tinggi. Suatu benda
mengandung panas cukup rendsh atau sedikit maka temperaturenya rendzh. Tingkat kalor

(panas) suatn benda tidak dapat dinkur oleh indera sentuhan kita. Untuk mengetahoi lebih =
akurat sebaiknya kita menggunakan alat pengukur suha yang disebut termometer.
Termometer adalah suatu alat yang digunakan untuk mengukur subu suaty benda aten sistem 5

secara kuantitatif. Termometer pertama kali dibuat cleh Galileo dengan memanfaatkan -
pemmusian gas. Termometer dibust berdasarkan ifat dasar suaty baban yang berubeh secars B0
teratur terbadap subu dinamakan sifat termometrik. Beberapa sifat termometrik bahan yang

dapat digunakan untuk membuat thermometer, & antaranya volume zat cair, pasjang logam, ambar 1.1 Termometer Raksa.
hambatan listrik, gaya gerak listrik, dan warna pijar kawat. b liisa e

Ketika sistem menjadi lebib panas, cairan
berwama (umumnya raksa atau alkobol)

berekspansi dan naik dalam tabung, dan barga L meningkat. Raksa merupakan cairan yang|

. sangat beracun, oleh karena itu kita perlu berhati hati ketika menggunzkannya terutama jika|

termometer rusak Termometer raksa memiliki penunjuk suhu berwamna perak atau silver.

/ Termometer raksa memiliki titik beku pada -35°C dan titk didih pada 360°, sehingsal

termometer raksa dapat digunakan untuk mengukur subu tingsi. Untuk subu-suhu yang lebih)

- rendah biasanya digunakan termometer alkohol. Termometer alkohol biasanya menggunakan)

’ Termometer alkohol memiliki titik bekn -114°C dan titik didih 78°C. Apabila kita ngukur subul
suatu benda dimana titik didihnya melebihi

et b marls Fla3 nd Benadeablnn T d

FIGURE 9. Data Collection display.

Suhu dan Kalor

Laporan Hasil Diskusi 1

Jgan baik dan benar.

Apakah suhu pada udara terbuka sama dengan suhu es batu?

Saat es dibjarkan pada udara terbuka, es tersebut mencair. Berarti terdapat ... yang berpindah dari lingkungan
ke es.

Disebut apakah suatu hal yang berpindah tersebut?
Perpindahan tersebut hanya terjadi jika adanya perbedaan?

Suatu benda menyerap kalor jika benda tersebut bersuhu lebih .. dari pada lingkungannya

[~
FIGURE 10. Result of discussion display.

The fifth stage, reflection and evaluation. This section is at the end of the chapter. Students are
given evaluation questions according to the indicators of achievement of learning and achievement of
learning completeness. The teachers can see the work of students and the students concerned.
Learners can reflect on which parts have good understood and the parts that have not yet completed

in their learning.

Suhu dan Kalor 0 g

Celah atau rongga pada sambungan jembatan atau kaca jendela berungsi sebagal ruang untuk memual. Saat udara mulal panas, besi
atau kaca jendela akan mengalami pemuaian. Sedangkan saat udara mulai dingin. besi atau kaca jendela akan mengalami penyusutan.

Bagaimana pemuaian dan penyusutan dapat terjadi?

Zat tersusun atas atom. kumpulan atom-atom membentuk molekul. Molekul-molekul pembentuk zat senantiasa bergerak dan
menimbulkan gaya tarik menarik. Jika zat dipanaskan, gerakan molekul-molekulnya makin cepat. Hal tersebut menyebabkan terjadinya
dorongan antara satu molekul dan molekul lainnya, sehingga farak antar molekulnya menjadi lebih besar. Peristiwa tersebut dinamakan
pemuaian.

Sebaliknya. jika suatu zat didinginkan gerakan molekul-molekulnya menjad lebih lambat. Gaya tarik menarik antar molekuinya semakin
besar, sehingga Jarak antara molekulnya menjadi lebih kecil. Zat tersebut Jadi dapat setiap benda
yang dipanaskan akan mengalami pemuaian dan yang didinginkan akan mengalami penyusutan.

Jlka suatu sambungan jembatan tidak memillki celah atau rongga, maka saat udara mulai pn
FIGURE 11. Evaluation stage display.
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a  Suhu dan Kalor

[ Latihan Soal Suhu dan Kalor Question1/4 &
B. PEMUAIAN o5 Pada suatu termometer X, dapat
terukur titik beku air 40°X dan
18 endafbon titik didih air 240°X. Bila suatu
B SOHVUARGET benda diukur del?gan
termometer celsius bersuhu
B Laporan Hasil Diskusi 2 50°C, maka bila diukur dengan E
menggunakan termometer X,
B Penjelasan Fakta 2 suhunya sama dengan.....
[@ Latihan Soal Pemuaian O goox
C. PERPINDAHAN KALOR ors O 100°x
B Pendahuluan O 120 )|
[® 6. PERPINDAHAN KALOR O 140°x
[@ Laporan Hasil Diskusi 3 O 160°% v
Zf r—
B penjelasan Fakta 3

FIGURE 12. Problem display.
Formative Evaluation

Formative evaluation of E-Learning media was conducted to assess the feasibility of the media.
The feasibility of e-learning media is assessed based on instruments of media feasibility and
instruments of material feasibility.

Several assessments of e-learning model have been carried out using instruments that include e-
learning systems, e-learning content and e-learning infrastructure by digital learning media experts.
In the second assessment, the expert assesses that all components have been declared feasible and the
media can be accepted as e-learning model.

100%
90%
s 80,0% 16.7% 80,0% 78,9%
70%
60%
50%
40%
30%
20%

10%

0%
E-Learning System E-Learning Content E-Learning Average
Infrastructure

FIGURE 13. Media Feasibility Validation Results

Physics material on e-learning model is assessed by physicists from the Physics Department of
Universitas Negeri Jakarta. The results of the assessment were carried out with a Likert scale
guestionnaire. The components assessed were: material requirements in PBL, scope of physical
material, and suitability of each component of e-learning (literature studies, videos, animations,
simulations, images, graphics, material exposure). The assessment was conducted on learning for
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chapters on Temperature and Heat, Kinetic Theory of Gas, and Thermodynamics. In the first
assessment, the material expert provided input for improvement in several parts. In the second
assessment, scores were given as in the following graph and were declared feasible to be used for
learning in high school.

100%

. 80,0% 80,0% 52°%  goow% S0 825%  goo0 go0% 52°%  go0x 811% 825%
80%

70%

60%

50%

40%

30%

20%

10%

0%

Heat and Temperature Kinetic Theory of Gas Thermodynamics Average

EPBLTerms M Coverage M Suitability of E-Learning Components

FIGURE 14. Material’s Feasibility Validation Results

For the learning process presented in the e-learning model, getting the results of an assessment
that is good and appropriate according to the learning expert. The assessment was conducted with a
Likert scale instrument to assess PBL material presentation, learning activities and learning
assessment. Assessment was carried out for chapters of Temperature and Heat, Kinetic Theory of
Gas, and Thermodynamics topics. The assessment for the gas Kinetic theory chapter gets a perfect
score, while for the Thermodynamics chapter the presentation of material is PBL, and the learning
assessment gets perfect scores.

100% 100,0%  100,0% 100,0%

93,3%

o 80,0% 80,0% 83.6% 550% 81,2%
20% 76,4% 76,7%
70%
60%
50%
40%
30%
20%
10%

0%

Heat and Temperature Kinetic Theory of Gas Thermodynamic Average

83,6%

M PBL Presentation M Learning Activities M Learning Assessment

FIGURE 15. Results of Validation of Learning Feasibility
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Field testing of e-learning models is carried out by the teacher as a user. The assessment was
carried out by three teachers from 3 different high schools. The assessment includes exposure to
material on e-learning media, display of e-learning models, e-learning exposure, and use of language
in e-learning models. Teachers argue that the model is very good and can be used as an e-learning
model for problem-based learning in high school.

100% 100,0%

0% 85,3%84,3%84,3%84,6% 86,7%

| | | |
| |

84,4% 84,4%

82,2% 82,9%

77,8%

80,0%

Oy
77,1%78,1% 50.0%

80%
70%
60%
50%
40%
30%
20%

10%

Contents Display of E-Learning Learning Exposure Language

0

ES

ETeacher1 ®Teacher2 ®mTeacher3 Average

FIGURE 16. Results of e-Learning Model Assessment by the Teacher as User

The e-learning model produced is following the 21st century learning model. The e-learning
model facilitates students to: (a) get used to finding their information; (2) able to identify and
formulate problems; (3) able to work effectively in groups; and (4) have high creativity (Sani 2014).
The e-learning model also fulfills the elements of pedagogy (Aunurrahman 2009). The problem-
based learning design that is displayed, also helps students to think critically, creatively, collaborate
and communicate, according to the 21st century learning model (Wijaya 2016).

CONCLUSIONS

Based on the results of formative evaluations by media and material experts, it was concluded that
the E-Learning model for problem-based learning in the Heat and Thermodynamics material was
considered feasible to use by class XI high school students. Students are guided to learn
independently by the demands of 21st century learning. The problem-based learning design that is
displayed, also helps students to think critically, creatively, collaborate and communicate.
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