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Abstract—E-learning is learning process through electronic 

media, especially the internet. E-learning enables students to 

learn or possess science no matter when and where. The purpose 

of this study was to develop Moodle in problem-based learning in 

order to improve learners’ comprehension of wave concepts. The 

study was a research and development (R&D) conducted in four 

stages, i.e. preliminary study, developing the design, testing 

Moodle as media for problem-based learning, and dissemination. 

Subjects of this study were students of physics education 

program of IKIP Mataram who enrolled wave course. Data on 

conceptual comprehension were collected through the test, in 

which experts had validated the test. The result showed 

improvement in students’ comprehension on the concepts of 

wave. Moreover, students gave a positive response towards the 

use of Moodle developed as media in problem-based learning. 

Keywords—Moodle; Problem-Based Learning; Conceptual 

Comprehension; Concepts of Wave. 

I.  INTRODUCTION 

Physics is the study of matter, energy, and its relationships. 
Physics is a discipline that studies the relationship of various 
natural phenomena. It is developed based on the results of 
observation of both experimental and quantitative 
measurement. Comprehension on the basic of physics enables 
people to develop technology and science that are used to 
investigate natural phenomena.  

One of the topics in physics is wave. This topic is dealing 
with abstract concepts that are often difficult to comprehend 
[1]. For instance, in demonstrating waves that spread through a 
rope, there is no such wave can be eye-witnessed within the 
material. In observing waves in the sea, what being observed is 
the surface of water. There is no way to study wave in the sea 
without the existence of water. Hakuta et al. [2] stated that 
students who are taught about wave are expected to be able to 
explain and predict the nature, characteristics, and patterns of 
wave that interact with materials. Thus, students are expected 
to be able to demonstrate their ability in developing and using 
model, formula, and gain, evaluate as well as communicate the 
concepts or collected information. Meanwhile, so many 
misconceptions are demonstrated by students in learning the 
concept of wave. The abstract of several wave concepts also 

causes learning difficulties, so that visualisation is needed 
through the right learning media. 

Conceptual comprehension towards course materials is one 
of the primary objectives of education around the world. One 
of the observable and measurable learning outcomes is 
comprehension of concepts. This can be defined as 
understanding concepts and also its application. Conceptual 
comprehension also requires learners to be able to create their 
thinking in the forms of the diagram by reading and 
understanding concepts in the text [3]. According to Silaban 
[4], conceptual comprehension is an attempt by learners to 
record and re-transfer a bulk of information from specific 
course materials to be used further to solve problems, analyse, 
interpret of a particular event. Conceptual comprehension is 
part of knowledge, in which knowledge is the primary 
dimension of education and cognitive as a dimension of the 
knowledge. Conceptual comprehension is not merely to 
understand something simply, but can also be described as the 
ability to understand, master, apply, classify, generalise, 
synthesise, and conclude objects [5]. 

In physics subject, learners are expected to master all 
concepts, which are later imprinted in learners to help them to 
understand and overcome questions and problems encountered 
during the course and real life. Comprehension of fundamental 
concepts is built by knowing how, when, and why to apply 
physics becoming very important in physics learning [6]. 
Learners are considered to have mastered concepts 
sophisticatedly when they can answer correctly all questions 
related to the same concepts [7]. Students’ conceptual 
comprehension are developed correctly if they engage well in 
learning. Better communication between teacher and learners 
will have better impact on learners regarding conceptual 
comprehension [8]. Interaction during the learning process 
should be well designed and prepared. 

It is essential for the teacher to generate innovation that can 
assist learners to comprehend concepts even in limited 
resources [9]. Moreover, the teacher should give a try for 
betterment of teaching components. Teaching media is not the 
only component that determines learning outcomes. The use of 
the sophisticated instructional model, accurate method, and 
instructional approach need to get more attention too. 
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Computer-based learning or e-learning in developing 
teaching media is pertinent to embrace the requirements of the 
Curriculum of 2013. Moodle (Modular Object-Oriented 
Dynamic Learning Environment) which refers to a dynamic 
learning site that employs an object-oriented model or a 
dynamic web-based educational environment package. Moodle 
is an open source software that supports the implementation of 
e-learning by taking an integrated paradigm in which various 
instructional supporting features can be easily accommodated 
in an e-learning portal. Moodle functions as an effective 
teaching aid to provide learning facility that is equipped with 
various essential features to assist learning in some ways. 

Some studies on the utilisation of computer as instructional 
media suggest its remarkable benefits. A study by Psycharis et 
al. [10], regarding the role of e-learning to change initial 
conception in learning physics, reveals improvement in 
learners’ performances and comprehension on physics 
concepts. Learners experience betterment on comprehending 
concepts and strong motivation towards mixed learning that 
employs LMS Moodle. Furthermore, Suranti et al. [11] and 
Nisrina et al.[12] suggest a positive impact of utilising 
computer-based media in learning concepts in physics. 
Improvements are found towards each sub-material and 
cognitive aspect. The use of computer technology is also 
proven beneficiary in improving learners’ critical thinking 
disposition [13], verbal and figural creativities [14;15], and 
learners ability to solve problems [16].  

This study is intended to develop a Moodle for problem-
based learning. Problem-based Moodle developed in this study 
is equipped with evaluation, which is manifested in open-ended 
questions expected to provide chances for students to practice 
their ability to measure their comprehension after engaging in 
learning sessions about the concepts of wave. 

II. RESEARCH METHODS 

This research and development have successfully 
developed Moodle in problem-based learning. Research and 
development are carried out to develop new products or modify 
existing products [17]. In general, there were four stages 
undertaken during the study, i.e. preliminary study, design 
development, trial session of the media, and dissemination of 
the product. Subjects of the study were students of physics 
education department of IKIP Mataram who enrolled the wave 
course. The instrument used in this study was a comprehension 
test that contained ten open-ended questions and a survey sheet 
to find out learners’ feedback towards learning. Experts have 
validated moodle, and the learning tools developed. Treatment 
was given by involving students in learning with Moodle in 
problem-based learning on the concept of wave. The treatment 
was carried out 12 times, and each meeting was held for 150 
minutes. Tests were given before and after learning on each 
wave concept. Test results have been analysed using the t-test 
and N-gain score. 

III. RESULTS AND DISCUSSION 

Moodle in problem-based learning has developed in this 

study, which was a learning website, had some characteristics 

that were highly related to the learning activity. On the 

website, digital course materials and evaluation for students 

were attached indicating the transformation of teacher-

centered learning into student-centered learning. Problem-

based Moodle in this study contained pictures, animation, and 

interactive simulation that were dealing with wave as the main 

topic of the course. Evaluation feature was constructed using 

quizzes feature that was available on Moodle. In this feature, 

teacher could set preferred time allocation for students to 

answer the given test, which encouraged learners to work 

seriously. 

Students demonstrated their ability to comprehend specific 

concepts in both theories and its application in real life. Before 

the sessions, students were given pre-test to measure their 

initial comprehension regarding the topic. Next, students 

engaged in learning sessions that employed a problem-based 

learning model. At the end of the course, students were given 

post-test to inform their learning achievements and 

improvements about the concepts being learned. Results 

showed that there was an improvement in learners’ 

comprehension by comparing results of pre-test and post-test. 

The improvement was measured by comparing mean scores of 

both tests dealing with four subtopics in wave course, i.e. 

nature of wave, superposition of wave, sound wave, and wave 

interference. 

Figure 1 shows that the average score in pre-test towards 

each subtopic. Among the subtopics, learners scored highest 

when dealing with the nature of wave. It can be understood 

considering the subtopic emerged in the early session, in 

which all concepts and equation being learned were yet 

complicated and more accessible to comprehend by students. 
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Figure 1. The disparity of mean score of pre-test and post-test in students’ 

conceptual comprehension 

The lowest percentage is dealing with superposition of 
wave (57.9), although this issue was not the last subtopic and 
indicated as the most difficult one. In this concept, many 
mathematical equations were used, however, only for test items 
dealing with the application of concepts, students yet able to 
apply the equations. A similar finding was reported by 
Wittmann et al. [18] stating students’ incompetence in 
answering same questions in different contexts. Students’ 
failure to understand the meaning of mathematical equations 
beyond formulation was assumed as the cause of this problem 
[19]. However, it can be concluded that most students 
demonstrate improvement regarding conceptual 
comprehension. This finding supports a study by Herayanti et 
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al. [20] that claims typical improvements in learners after 
engaging Moodle-aid learning in covering some aspects, 
including cognitive, psychomotor, and effective.   

Moodle-based learning in physics course developed in this 
study was an accessible learning website. It contained materials 
equipped with exercise and animation display to assist learners 
in grasping all concepts being taught. The use of animation was 
proven effective to help learners to cope with abstract concepts 
sophisticatedly. This finding supports a study by Gunawan et 
al. [21] that reported how visualisation using computer 
animation could encourage learners with logical inference and 
conceptual construction of physics to be better than learners 
who only experience conventional learning approach. 

Based on data analysis of pre-test and post-test, it was 
found that there was a significant difference regarding 
conceptual comprehension before and after treatments. This 
finding proved that the use of problem-based Moodle in this 
study could improve students’ comprehension of concepts 
being learned. Similar result is also suggested by Hermawanto 
et al. [5] claiming blended learning, which integrates face to 
face learning and online learning using Moodle, can improve 
students’ conceptual comprehension and reasoning of physics 
as well as to train them to be more independent and active in 
learning. 

This study also collected students’ feedback through a 
survey regarding the use of problem-based Moodle as an 
instructional media, which was given to them after all 
treatments completed. Students gave positive feedback towards 
some issues being questioned, such as design of the website, 
level of convenience and the use of problem-based Moodle as 
media to study about wave. They also agreed that it helped 
them to overcome learning difficulty. It was shown by average 
score recorded by students’ in their feedback was of 4.20, 
which felt into “good” category. Next, in terms of 
attractiveness, the survey showed average score of 4.50, which 
indicated “very good” and regarding level of convenience in 
using the media, the average score was 4.60, indicating “very 
good” response. In the commentary box, most students liked to 
engage with problem-based Moodle developed as an 
instructional media in this study inasmuch they found it easier 
for them to access course materials about the wave. Besides 
that, the use of animation and interactive simulation gave a 
pleasant and not tedious learning atmosphere. Students also 
suggested expanded use of Moodle in other courses. Learning 
results became the evidence to claim that problem-based 
Moodle as an instructional media could train learners to be 
more independent inasmuch they became more active to find 
materials and do various tasks given. Moreover, it could also 
facilitate them to access the course anywhere and anytime.  

Increased mastery of students' concepts can be seen from 
the N-gain score. In the concept of the nature of wave, the 
highest N-gain score is 0.79, the concept of wave superposition 
is 0.75, and the sound wave concept is 0.70. The three sub-
concepts of the wave have increased in the high category. 
While the concept of wave interference is 0.68, in the medium 
category. The highest N-gain can be seen in the subject of the 
nature of waves because this concept is material given at the 
initial meeting where the concepts and similarities in the 
material are not too complicated so students can more easily 
understand it. The results of the research hypothesis test show 

that there is a significant difference between the initial and 
final tests. This can be seen from the results of the t-test which 
gives t-count value of 5.47 (t-table of 2.04). This shows a 
significant difference in ability in students before and after 
learning. 

Some other studies indicate that online learning, like 
computer-based media such as Moodle, e-learning, and other 
virtual media, can improve learning outcomes. Gunawan et al. 
[15] report that the use of computer-based media in three high 
schools improves students’ conceptual comprehension in a 
physics course for both male and female, in which 
improvements occur in all cognitive aspects. Moreover, 
Gunawan et al. [22] report higher comprehension on concepts 
performed by learners who engage with interactive multimedia 
aid compared to those who learn without the same aid. Martin-
Blas & Serrano-Fernandez [23] state that online physics 
learning through Moodle is used to assist teacher and students 
to have virtual space where they can share knowledge through 
various activities. Online physics learning can help students to 
enhance their competence and knowledge. Feedbacks given by 
students were very good. 

IV. CONCLUSION 

The use of Moodle as an instructional media in problem-
based learning could improve students’ conceptual 
comprehension of the concepts of wave. It can be seen from 
increased percentages of assessment towards all concepts 
learned in wave course. Differences in abilities on conceptual 
comprehension before and after learning differ significantly. 
Increased mastery of students' concepts is in the medium to 
high category. In general, all students gave positive feedback 
towards its design, level of convenience in using it, and the role 
of this media in learning concepts in wave course. Learning 
using this media was responded effectively by learners to 
overcome their learning difficulty. However, their suggestion 
for the future research was the need to give a preliminary 
technical briefing about various features offered in the media in 
order to give the more satisfying result. It is interesting to 
further investigate the benefit of this media towards other 
thinking skills, such as critical thinking, creativity, and 
problem-solving. 
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