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Abstract

The use of e-learning to improve students' ability in using technology to help solve the problem
(Level 6 Indonesia Qualification Framework, IQF) is challenging. This study aimed to describe the
use of e-learning to improve students' ability to create charts of the evolution of the spatial and
temporal regions of the symptoms of vibrations and waves. The techniques were by using a
computer, problem-solving skills, as well as the responses of students’ prospective science teachers
to use e-learning to the symptoms of vibrations and waves. This research is a quasi-experimental
design with one shot case study. The research subject was 28 science student teachers semester 5.
The treatment was in the form of learning materials, learning, performance tasks, and test essay on
e-learning system UNESA (www.vilearn.unesa.ac.id). The ability to make charts the evolution of
the spatial and temporal with computers and capacity to solve problems is measured using an
appropriate rubric, student responses obtained through the questionnaire. The results showed, with
the provision of sustainable performance tasks on e-learning followed up with feedback, students'
ability to make a graph of the spatial, temporal evolution of the computer and problem-solving skills
have increased. A total of 85.7% of the students stated that create the spatial and temporal evolution
chart using a computer is hard, but 67.9% of them stated that the e-learning to assist them in making
a graph. A total of 100% of the students can solve the problems of the minimum standards, with an
average value of 82.9, which shows the use of e-learning helps students to master solving problems
on vibrations and waves.
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INTRODUCTION

Science was the activity to ask and do an
experiment toward nature and then finding and
stating the messages hidden within. John Rigden in
Carin (1993) emphasized two characteristics of the
nature of Science that were empiric and analytic.
Scientists would not be satisfied with only doing
observation. They searched for the means hidden,
basic patterns, and found clear explanation
sequences to be combined with their observation.
The conceptual framework and theoretical structure
are the imaginative results of a scientist's inquiry.

The students of prospective Science teachers, in
the end, had to be capable of carrying out the
learning process based on the Science characteristics
above. In the more general context, the fresh
graduates of Science Education had to reach level 6
for IQF in their fresh graduate profiles. The
Indonesia Qualification Framework (IQF) is
regulated by Presidential Decree Number 8 2012. It
is the framework of the qualification of competence
which could pair up, equalize, and integrate
education department and work training department
as well as working experience to give recognition of
work competence according to the working structure
in various sectors.

The sixth qualifying level of IQF was the
standard of knowledge mastery which should be had
by the bachelor degrees. Some keywords in IQF
level 6 which were relevant to this research were: 1)
to utilize the problems; 2) to master the theoretical
concepts of certain knowledge and skill areas
generally and the theoretical concepts of special
knowledge and skill areas deeply; and also 3) to be
able to complete the problems according to the
procedures. Various courses existed, including
Waves and Optics courses in the Science Education,
should train the students to reach the IQF level 6
cumulatively.

Nowadays, the ability to understand graphs was
essential for the students. A graph was a type of
representation which was useful in resuming the
data, processing and interpreting the new
information from complex data. The presentation of
graphs, diagrams, data tables, symbols, maps, and
models was found considerably in various
textbooks, articles, journals, and scientific
magazines. Writing with transformation type was a
form of visualizing the concepts to another format
or model (Demirbag & Gunel, 2014). The
presentation of graphs, data tables, symbols, maps,
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and diagrams brought the information, data
organization, showed the relation patterns, and
communicated the science knowledge.

In Science, there were many types of
representations such as 1) Verbal description,
that was to define a certain concept verbally; 2)
Figure or diagram, helped to visualize
something which was still abstract into
something more concrete in order to help the
students' understanding; 3) Graphs, through
graphs, the long explanation could be illustrated
as short information; 4) Mathematics, though
mathematics representation, the quantitative
problems could be explained and interpreted
easier and clearer. It was following the
presentation of the representations in Waldrip et
al., (2010).

The knowledge of graphs and data
interpretations in science and science education
was important for the students. However, many
elementary, secondary, until college the students
still had difficulties in using, interpreting, and
understanding graphs and data (Ben-Zvi et al.,
1987; Krajcik, 1991; Leinhardt et al., 1990). The
students' competence in interpreting graphs and
data had become important in the science

learning.
By the IQF level 6 and Science
representations, the students of prospective

Science teachers should have the ability to create
graphs with computer help. This ability grew
through e-learning system. Koran (2002) defined
e-learning as any teaching and learning method
using electronic circuits (LAN, WAN, Internet)
to deliver learning content, interaction, or
consultation. There were also some interpreting
e-learning as a form of distance learning through
the internet. Dong in Kamarga (2002) defined e-
learning as an asynchronous learning activity
through the electronic computing device to
obtain suitable and necessary learning sources.
Park (2009) emphasized that e-learning refers to
the use of internet technology to send a series of
solution which could improve knowledge and
skills.

Polya (1985) proposed four steps in the
problem-solving phase, i.e. understanding the
problem, planning the resolution, solving the
problem, and checking back every step that had
been done. The phase of understanding the
problem without understanding the given
problem was impossible for the students to solve
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correctly, and then they had to be able to organize
plans or strategies. Problem-solving in this phase
depended on the students' experience to be more
creative in arranging the solution for a problem if
the scheme to solve a problem had been well-made
either it was written or not. The next step was for
the students to be able to address the problem
according to the plan which had been arranged and
considered right. The last step of the problem-
solving process according to Poyla was to check on
the things which had been done from the first phase
until the third one. With this kind of model, some
mistakes would not happen and could be corrected
so that the students could found the most suitable
answer for the given problem.

Based on Sindu's (2013) research, problem-
based e-learning model could be applied to the
students with both high and low learning
motivations. It was because problem-based e-
learning continuously stimulated the students to
involve in the learning process actively and to be
able to develop their skills in e-learning.
Nevertheless, according to Empy & Zhuang (2005)
e-learning had limitations, such as; 1) culture. Many
people were not interested in learning. Most people
got used to listen to the lesson explained by the
teacher and accept it. 2) Investment. E-learning
users could gain some benefits. Nonetheless, the e-
learning program providers had to spend some
money to buy the software and hardware as the
support devices for e-learning. 3) Technology and
infrastructure.  Technology and infrastructure
problems were quite a lot, such as the lack of
hardware specifications in computers to support e-
learning, unsynchronized browser, even the internet
users with uneven capacity across the region. 4)
Material. The learning materials with physical
objects obviously could not be inserted into e-
learning application, such as sports and arts.
However, e-learning could explain the concepts first.

There were some advantages in using e-learning
to do assignments and quizzes, for example, it could
handle many tasks efficiently (Larsson, 2014), the
quiz presentations were better (von Franqué and
Tellioglu, 2014), and it was flexible (Karaman,
2011). Also, e-learning was flexible and efficient to
perform an examination and give assignment
(Larsson, 2014). However, the online quiz with e-
learning was carried out in the form of multiple
choice test (Nakayama et al., 2010). Even though
the problem-solving performance and Figures
making with the help of the computer, this could not
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be trained and graded with just choosing the
multiple choice option in the e-learning
application. In line with this was the researcher's
experience on the use of e-learning in the
lectures, such as the students' tendency to copy-
paste the assignments sent through e-learning
system and the assessment system in e-learning
which was considered only appropriate for
multiple-choice items, not essay items.

This study focused on describing the
student's ability in creating graphs, solving
spatial and temporal problems on the vibration
and wave symptoms, and the response of the
students of prospective Science teachers by using
e-learning. Through this study, some questions
limiting the problems in this study included two
parts, which were 1) how the students' ability
solved the problems and created graphs of the
data of vibration and wave materials?; 2) How
the student's response to the use of e-learning in
the vibration and wave course?

METHODS

This study was a quasi-experimental
research. The purpose of the quasi experimental
research was to find out the cause and effect
relationship by involving the control group
beside the experimental group; nonetheless, the
selection of both groups did not use the random
sampling technique (Arikunto, 2010). The
research design used was one shot case study.
Therefore, it was possible for descriptive analysis
technique to process the data. The treatments
were in the form of the learning process,
learning strategy, performance task, and essay
test in the Unesa e-learning system
(www.vilearn.unesa.ac.id). The ability to create
graphs of temporal and spatial evolution using
the computer and capacity to solve a problem
was measured using the students' response from
the questionnaire.

The study took place in Science Education
Department of Mathematics and Science
Faculty of Unesa Surabaya in the even semester
of the academic year of 2016/2017. The
population was all of the students of 2014 class.
The samples were the students of Science
Education Department on class 2014 B. The
sampling technique was purposive sampling
technique.
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The research procedures were divided into three
steps that were planning, executing, and organizing
the research result. The planning stage covered
material development and uploading. The executing
stage was in the form of Optical Wave learning
using e-learning and post-tests.

The planning stage began with opening an
account in www.vilearn.unesa.ac.id, then signing up
the Optical Wave course, and the lecturer team and
the students as e-learning participants. In the
executing stage, the Optical Wave course materials
were presented in the e-learning based on the
material sequence which would be presented in
every lecture accompanied with the assignments
which should be done by the students. The course
material inserted began from vibration, wave,
sound, light, and optic. Various representations
were also inserted in the indication of vibration,
wave, and optic. The problems presented to be
solved selected which were well structured including
the demands to finish them in the graph
representation. The instruction to make graphs in
the e-learning application was in the form of Figures
creation strategy, not the steps of making graphs
with excel. Here was the example.

To make a graph, look at the amplitude. The
deviation could not exceed the amplitude.
Therefore, the deviation would have a price -0.04
until 0.04 m. Well, use a relatively thorough shift,
for example, 0.0025. Use Excel "term" to do
mathematics operation to find out v in the equation
(7), that was * for x, sqr () for square, and sqrt () for
square root.

The assignments given were in the forms of
problem-solving questions, and inside it, there was
Figures creation which should be done in the time
span provided. If they passed the submitting time,
then they were considered that they did not submit.
Then, the assignments were corrected by the lecturer
team and next, the students were given feedback
through e-learning and face to face meeting. In the
organization of the research result, the assignments
taken as the data were only assignment 1,
assignment 2, and assignment 3 because in that
assignment there was problem-solving skill by
creating graphs according to the IQF level 6.

The research instrument used the result-solving
section by Polya; the rubric Figures result in section,
and the student response questionnaire after
undertaking learning process and task completion
using e-learning. Those assignments were presented
in the form of problem-solving problems involving
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spatial-temporal  evolutionary = graphs on
vibration and wave materials. The data analysis
technique  covered  descriptive  analysis
technique.

The way to analyze the data was by grading
assignment 1, 2, and 3 based on Polya's steps.
After that, a graph was made from the grades to
find out the percentage of the students' problem-
solving skills and Figures creation ability.

RESULTS AND DISCUSSION

Results

The vibration and Wave learning process by
applying e-learning was optimal in improving
the students of prospective Science teacher skills
in solving the problem and creating graphs. In
assignment 1, the students found difficulties
when working on it because they were not used
to learning and submitting their assignment
using e-learning. The lecturers gave some help
through e-learning system to the students in the
form of feedbacks. The feedbacks were general
(for every participant) and in every the students'
works.

After the students got some feedbacks for
assignment 1, the lecturer team gave the second
assignment to know the shortage of the analysis
process happened. The mistakes occurred in the
assignment 2 where the students only copy-paste
the graphs from friends; then they made the
question. Thus it was not according to the
appropriate solving analysis steps. From the
mistakes happened in assignment 1 and 2, the
lecturer team emphasized the proper analysis
steps when solving the problem-based questions.
Following this, the lecturer team gave
assignment 3 as the task of consolidating
materials from the mistakes appeared in
assignment 1 and assignment 2. In reality, most
the students had the right way of the problem
analysis with the appropriate sequence, that was
making the question first, then making the
graphs based on the questions.

The problem-solving analysis could be seen
in Figure 1 as follow.
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Figure 1. The problem solving analysis results by
students

Based on Figures 1, it could be known that the
students' ability in solving the problem improved
from assignment 1 until assignment 3. The
percentage for assignment 1 was 82.86%,
assignment 2 was 95%, and assignment 3 was
98.57%. It could be said that generally, the students'
ability in solving the problems on the vibration and
wave materials had been good. The result of the
students' skills to make graphs could be seen in
Figure 2 as follow.
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Figure 2. The analysis result of students’ skills in
making graph

Based on Figure 2, it could be known that the
students' skills in making graphs also improved from
assignment 1 until assignment 3. The percentage for
assignment 1 was 67.87%, assignment 2 was 80%,
and assignment 3 was 85.71%. It could be said that
generally, the students' ability in solving the
problems on the vibration and wave materials had
been good. The result of the students' skills to make
graphs could be seen in Figure 2 as follow.

The research findings had given contributions to
the improvement of the ability of the students of
prospective Science teachers in solving the problems
and reading graphs, especially in Indonesia. After
understanding the students' answers related to the
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capacity to solve the problems and make graphs,
then the findings of the students' general
difficulties stated were that the students found it
difficult to make questions until solving the
problem by creating an appropriate graph.

After understanding the students' answer
regarding their skills in making graphs, three
categories were 1) correct problem solving and
Figures creation; 2) correct problem solving and
wrong Figures creation; 3) wrong problem
solving and Figures creation. Based on those
categories, each finding could be explained as
follows:

1. The students who could solve the
problem and create graphs correctly presented
the data like this.

Based on Figure 1, it seemed that the
students had correctly made the questions, then
solving the problem specifically until making the
correct graphs. Therefore, when executing the
Figures creation, it was based on the students'
understanding.

2. The students who were able to solve the
problem correctly nonetheless wrongly made the
graphs, their data presentation was:

Based on Figure 2, it seemed that the
students had correctly made the questions, then
solving the problem specifically, nonetheless in
making the graphs they were wrong, thus when
executing the Figures creation, they made the
wrong graphs. Thus it could be said that their
understanding was not enough.

3. The students who could not solve the
problems and make the correct graphs had this
kind of data presentation.

Based on Figure 3, it seemed that the
students were incorrect in making the questions
so that the problem-solving was incorrect. Thus
it affected the wrong Figures creation. It
happened because the students did not measure
the grades written in the questions. Thus the
problem-solving was incorrect, and when
executing the Figures creation, it became wrong,
so that it could be said that the students'
understanding was not enough.

The students' response regarding their
ability in solving problems and making graphs
on the vibration and wave learning through e-
learning obtained from the questionnaire given
to 28 respondents got the results as follows:

1. About 85.7% respondents stated that
creating graphs through e-learning was still
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difficult. The source of the difficulties was

because they had to interpret the question,

choose At appropriate to produce data to be
made graphs through excel. However, about

14.3% respondents stated that creating graphs

through e-learning was easy. According to one

of the respondents who found it easy to use e-

learning, "At first I faced difficulties,

nonetheless because I had got the tasks to make
graphs for several times. Thus, I was used to it."

2. About 32.1% respondents said that e-learning
could not help them in making graphs;
nonetheless, most of them that were 67.7%,
stated that e-learning helps them in making the
graphs. One of the statements from the
respondents mentioned, "Yes, because in e-
learning there were always assignments to
create graphs so that my skill could be more
honed."

3. About 85.7% respondents used the existed
information, whereas 14.3% respondents chose
to add the information from other sources to
finish the assignments.

The research result showed that Optical Wave
e-learning system developed in this research made
the students able to learn. Various representations
represent it, they did work hard to complete the
performance task in the given time, and they could
obtain sufficient feedbacks. Thus there were skill
improvements in problem-solving and spatial-
temporal evolutionary Figure creating on the
indications of vibration and wave with the help of a
computer. It is shown by Khoiriah's (2016) research
which demonstrated that the use of multimedia in
the science learning could improve the students'
cognitive skills. The learning process with the help
of various representations virtually inside e-learning
was also relevant to the researchers from Ismail et
al. (2016) and Taufiq et al. (2016) which was used
the devices for e-learning.

CONCLUSION

From the research result, it could be concluded
that Optical Wave course using e-learning could
produce problem-solving mastery in the students.
Also, e-learning system had a potential to train the
skill frequently which was expected to be able to be
developed during the face to face meeting only. This
research showed that by using the correct strategy
and good feedback, e-learning could improve the
students' skill in creating temporal and spatial
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evolution graphs on the vibration and wave
indications.

It was necessary to research on e-learning
which allowed the delivery and assessment
process of performance tasks to be more
efficient.
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