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Abstract

The purpose of this study was to determine the teaching on changing electrical
energy into light and heat to students with hearing impairment (HI). We used
quantitative and qualitative methods to 6 HI students in special school in
Indonesia. In short, the experiments were done via the experimental
demonstration to teach teaching materials about changing electrical energy into
light and heat. To support the analysis, we conducted a pretest and posttest to
determine changes in students' level of understanding. The results showed that
the students' comprehension increased, showing the effectiveness of
experimental demonstration for teaching students, although students with hearing
impairments optimized their visual senses in the learning process only and they
have difficulties on understanding complex and abstract information. Methods
and media that suit their needs make the teaching process easier for them to
understand the materials. The results of this study are expected to provide
knowledge in how to make educators easier in teaching students with special
needs, especially facing with science subjects.

Keywords: Concept of energy; Electrical; Students with hearing impairment;
Teaching.
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1. Introduction

The concept of energy changes is very important to be taught to students. In the
curriculum in Indonesia, this concept is delivered in elementary schools [1, 2]. In
this discussion, the teaching material about energy changes is to show the changes
of energy into various kinds, especially electrical and heat. Electrical energy can be
converted into light, heat, and sound [3], in which this can be found in daily life.

Many studies discussed energy changes and how to teach the concept of energy
to students [3-5]. However, until now no one discussed the teaching on changing
electrical energy into light and heat to students with hearing impairments (HI).
Although many reports discussed about teaching science to students with special
needs [6-20], the teaching on the energy changes was limited, in which this can be
the main novelties in this study. HI is one of the permanent special needs [6],
making them having problems in the communication aspect. Indeed, it brings
impacts on how to understand materials and information taught in the learning
process. Most teachers have difficulties when teaching students with HI [6]. In fact,
understanding knowledge on how to teach students with HI is needed by teachers
in schools.

Therefore, the purpose of this study was to demonstrate a new teaching
technique for students with HI using experimental demonstration. As a model of
teaching material, we used energy changes. In general, the concept of energy
changes from electrical energy to light and lamp was the main object. Qualitative
and quantitative methods were used, completed with pretest and posttest for
understanding and evaluating teaching process. We believe that this teaching
strategy can be an alternative for teaching students with HI.

2.Theoretical Framework

2.1.Energy transformation

Energy is one of the aspects that can be used as an ability to do work. The unit of
energy is the Joule, which is derived from the units of force and distance (hewtons
and meters) [21]. There are various forms of energy, including electrical, kinetic,
potential, mechanical, thermal, chemical, and nuclear energy [2].

Electrical energy is energy generated by electrically charged objects [22]. A
stationary electric charge (static) gives rise to electric potential energy, while a
moving (dynamic) electric charge creates an electric current and magnetic energy.
Electric potential energy arises due to the presence of an electrically charged object.
Electrical energy is a form of energy that is widely used. That is because electrical
energy is easily converted into other forms of energies. There are several changes
from the form of electrical energy, including:

a. Electrical energy into light energy, for example: lamps
b. Electrical energy into heat energy, for example: irons, solders, and stoves

c. Electrical energy into mechanical energy, for example: tape motors

o

Electrical energy into chemical energy, for example: battery charging events,
plating events (events coating metal with other metals)
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2.2.Concept of electrical energy and its transformation to light
taught to students

Figure 1 shows the concept of electrical circuit system and how its transformation
into the light. Electrical circuit relates to the energy source, current, voltage,
conductor, and resistance [23-25]. As an example, Fig. 1 shows the system in the
electrical system to change into light using battery as the energy source.

Electron =———— e CUITENT

Conduction

Power Source

Fig. 1. Electrical circuit system to generate light from battery.

Figure 1 shows a voltage source that is connected to a conductor. Detailed
concept of the electrical circuit is well-explained in literature [23-25]. Electrical
current is the amount of electrical charge flowing in a circuit at one time. The
electrical charge referred is the electron. Electrical current occurs because of the
flow of electrons from the negative pole to the positive pole. In concept, electrons
move from negative to positive, while electrical current moves from positive to
negative. At the positive pole of the conductor, the negative charge will be attracted
by the positive charge on the voltage source through the empty spaces (Hole). The
hole is depicted as a round shape without a negative sign. At the negative pole of
the conductor, the charge will be filled with new electrons from the voltage source,
making that the electrons in the conductor are also pushed to move towards the
positive pole. According to the rule, electrical current flows from positive to
negative, while electrons flow from negative to positive. Because actually the rule
is based on that electron moves from negative to positive leaving a hole and filling
anew hole, it is as if the hole moves from positive to negative [26]. In addition, not
all materials can conduct electrons well. The ability of a conductor to flow electrons
is determined by the atomic arrangement of the conducting material [27]. Materials
that have the ability to conduct electrons well are called conductors such as iron,
copper, well water, etc, while materials that are difficult to flow electrons are called
insulators, such as plastic, paper, pure water, etc.

Voltage is the differences in electrical potential between two points on a
conductor or electrical circuit. Potential difference is the difference in the number
of electrons in an electric current. On one side of the electric current source, there
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are electrons that accumulate while on the other hand there are a small number of
electrons. This happens because of the magnetic force that affects the material. In
other words, the source becomes a voltage. Electrical voltage (also called voltage)
is identical to potential difference. Basically, the potential difference (voltage) is
what causes the flow of electrons from a low potential (negative) to a high potential
(positive). This means that an electric current is caused by an electric voltage at two
points (positive pole and negative pole). In an electrical circuit, each electrical
component may have a different potential difference depending on the resistance
of the component. Voltage is the beginning of the flow of current (electrons); thus,
they both cannot be separated from each other. There will be no current flowing
without a voltage (potential difference). In conclusion, the higher the voltage gets,
the higher the current will flow.

2.3. Concept of light and its radiation transformation to heat taught
to students

As explained in Fig. 1, light is produced by passing an electrical current through a
filament, which increases its temperature and produces light. The longer it is turned
on, the higher the temperature will be, causing the room around the lamp to heat
up. In addition to converting electrical energy into light, lamps also convert
electrical energy into heat [5]. Not only lamps, but objects also that are heated will
experience an increase in temperature. If the temperature of the object increases,
the temperature around the room will also increase. This indicates that the object
radiates heat energy to its surroundings. The heat emitted by an object to its
surroundings is called radiation. Radiant heat energy emitted by an object in the
form of waves, namely electromagnetic waves [28]. Heat radiation (known as
thermal radiation) is that part of the electromagnetic spectrum in a limited
wavelength range from 0.1 to 10 um of radiant heat transfer and is emitted on all
surfaces. Radiation occurs at the surface being absorbed, and then the radiant heat
transfer occurs between the surfaces at different temperatures. No medium is
required for radiant heat transfer, but the surface should be in visual contact for
direct heat transfer. Heat radiation is the radiation emitted by an object as a result
of its temperature. Every object is capable of emitting heat radiation. In daily life,
the concept of heat radiation can be seen in a bonfire. A bonfire is an outdoor fire
that results from intentionally lighting firewood, pieces of wood, or a collection of
dry branches, twigs, straw, or leaves. If we are close to a bonfire, our body will feel
hot. The body will feel hotter when the closer we get to the bonfire since the bonfire
emits radiant heat energy (see Fig. 2).

In addition to being able to emit heat, objects are able to absorb heat (heat
energy). This depends on the temperature between the object and the space around
the object. If the object temperature is higher than the room temperature, the object
will emit heat and vice versa if the object temperature is lower, then the object will
absorb heat energy (heat).

The energy emitted by an object does not depend on the type of object.
However, it depends on the temperature of the object and the surface properties of
the object. An object that absorbs heat easily is an object that radiates heat well.
The higher the temperature of the object, the more energy it emits.
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Fig. 2. Concept of heat transfer from a bond fire.
2.4. Students with hearing impairment

Definition of students with hearing impairment has been well-explained in
literature [6]. In short, students with HI are one of the students with special needs
with problems from neurological dysfunction or hearing organs. They cannot
capture stimuli or information from the sense of hearing. They are classified into
three groups: (1) children with conductive HI, (2) sensorineural or nerves, and
mixed between conductive HI and sensorineural. Students with HI have
characteristics in the aspects of verbal communication and understanding
information, making them getting impacts on their learning process. They have
difficulties on understanding complex and abstract material. They need media that
suits their needs because they are visual learning students who optimize visual
functions in the learning process. Learning methods must also be adapted to the
needs of students.

3. Method
3.1.Research procedure research

This research was limited to the discussion of teaching on energy changes from
electricity into light and heat to students with HI. The subjects of this study were 6
students with HI in special schools, Indonesia. Qualitative and quantitative research
methods were used to obtain more objective data. We carried out several stages in
this research.

Figure 3 describes the research procedure. Research activities were carried out
by conducting field studies to observe and analyse the objective conditions of
students. Then, we made a learning program. At this stage, we determined what
methods and media were used during the teaching and learning process. The next
stage was the process of implementing research activities. At this stage,
experimental demonstration methods were implemented. The final stage is the
analysis of research data.
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Fig. 3. Research procedure.
3.2. Teaching Method
3.2.1. Tools and materials

In this study, we used tools and materials for experimental activities, namely:
electric current, electrical terminal wires, cables, electrical plugs, lamp holders,
LED lamps, incandescent lamps, tube lamps, thermometers, and paper and spoons.

3.2.2. Experimental steps

The first step in the experimental activities was assembling electrical plugs, cables,
and lamp holders (make three circuits). After that, we attached each lamp to the
lamp holder, plugged the electrical terminal into the power source in the off state,
connected the circuit to the electrical terminal, turned on the electricity, observed
the lamp that was on, and hold the thermometer close to the lamp (approximately
5 cm, and determined the change in temperature) on the thermometer.

In order for students to feel the form of heat energy, they brought the paper and
spoon close to a bright lamp. After that, students touched the end of the spoon or paper
that was brought close to the lamp. Thus, they felt a change in heat or temperature.
3.2.3. Learning process

The learning process is the implementation stage in this research activity. There are
several activities carried out in the learning process.
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Figure 4 describes the activities in the learning process. By starting with the initial
activity, in this activity, we did pretest and carried out learning preparation activities.
The next stage is the core activity. In the core activity, teacher explained the teaching
material about energy changes. After that, students with the guidance of the teacher
both carried out experimental activities with the tools and materials that had been
provided. Finally, we took posttest to evaluate student comprehension.

Initial activity P Core activities ‘ End activities

Fig. 4. Teaching procedure.

3.3. Research Instrument

In this study, some information about students' abilities was obtained through
observations and interviews with teachers. This data was then used to develop
research instruments. The ability of students was done by analysing all information
obtained and identified using a score scale of 0 (cannot do anything), 1 (less), 2
(good enough), 3 (good), and 4 (very good).

In this study, the students' ability level was evaluated by giving 10 questions.
Each question has a score of 10 so that students get a maximum score of 100 if
students answer all questions correctly. The equation for calculating the score is:

Score obtained
Total score = —_————
Number of question

4. Results and Discussion

4.1. Students demographic

Students with HI have problems in verbal communication aspects [6]. However,
most of them have the same average level of intelligence as children in general.
However, because of the characteristics of the communication problems they have,
it causes problems in the aspect of understanding information. This has an impact
on the low level of comprehension and how they understand the learning material
delivered. Students with HI find difficulties in understanding complex and abstract
information [20].

Figure 5 describes some aspects of the ability of students with hearing
impairments. Student K has good academic and social interaction skills. He also
has excellent motor skills and good concentration. Student L has a good academic
ability, concentration, and social interaction. He also has excellent motor skills.
Student M has a good academic ability and concentration. In addition, he has good
motor skills and social interactions. Student N has a good concentration and social
interaction skills, and his motor skills are very good, but he has poor academic
abilities. Student O has poor academic ability and good concentration. He also has
a good concentration and social interaction. Student P has the same ability with
student O in these four aspects.
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Fig. 5. Students’ demography.
4.2.Phenomena in the learning process

In the demographics of student data shown in Fig. 5, it is explained that most
students with HI have no problems in the aspect of intelligence. That is because
they have an average level of intelligence. But usually they have low academic
scores because they have difficulties in understanding the material being taught.
Especially, when the information is conveyed verbally only. They need special
methods and media, according to their needs [12, 14, 20]. Methods and media that
suit their needs make it easier for them to understand the material delivered,
especially in energy changes. Thus, the learning process runs effectively. One
method that can be used is the experimental demonstration method [12]. This
method makes it easier for students to understand material information about
energy changes conveyed in the learning process. This is because the method is
adapted to the needs of students with hearing impairments [22]. This method
focuses on the learning process using concrete media so that it is easy for students
to understand. Students also actively participate in the learning process by
conducting experimental activities.

The stages of learning in this research activity are:

a. Inthe initial activity, students did a pretest. At the beginning of learning the teacher
explained through the lecture method and the students did not look enthusiastic.

b. In the core activity, the teacher conducts experimental demonstration
activities about changing the form of electrical energy into light and heat
energy. Students look enthusiastic and actively participate in the learning
process. Students look happy when participating in experimental activities
and are very focused on following the steps. They also pay attention to every
material presented by the teacher.

c. At the end of the activity, students were given the same posttest questions as
the pretest. The pretest was carried out as an evaluation activity to determine
the level of student understanding.
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The results showed that the level of student understanding has increased.
Teaching materials on energy changes, especially changes in electrical energy into
light and heat, can be taught to students with hearing impairments using
experimental demonstration methods. The experimental method of density makes
it easier for students to understand the science material taught [20].

In addition, the present experimental demonstration is possible to be done in
online system. Further, the experimental demonstration can be recorded by video
[29], in which this can increase student understanding since student can replay what
teacher make in experiments. Indeed, this is also possible for being applied during
COVID-19 pandemic, where the conventional teaching (talk and chalk method)
cannot be done completely. This can be classified as one of the best alternative
strategies for enhancing students’ comprehension [29-36].

4.3. Research data analysis

In this study, we obtained data on the effectiveness of teaching energy change
through data analysis of the learning outcomes of students with hearing
impairments. We analysed the data from the students' pretest and posttest results.

Table 1 shows 10 questions used at the pretest and posttest to students with hearing
impairments. The question was given with the aim of confirming the effectiveness of
the teaching process of converting electrical energy into heat and light energy to
students with hearing impairment using experimental demonstration methods. Each
question answered correctly gets score of 10 points and 0 point if wrong.

Table 1. Questions for evaluation.

No

Students

Question

Percentage of
students’ answers
for each item

HO

HO

HO

H

HO

HO H HO

H

Ho H

1

3

4

Do you
know about 10
energy?

Do you
know the
types of
energy?

What is the
unit of 0
energy?
Do you
know about
electrical
energy?

10

10

10

10

10

10

10

10

10

10

10

10

10

10

10

10

10

10

10

10
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10 10 10

10 16,70%

10

0

10

100%

0% 100%

0% 66,70%

100% 100%
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No

10

Question

Do you
know the
kinds of

changes in
electrical
energy?

Do you
know the
kinds of

changes in
electrical
energy?

Did you

know that
electrical
energy can
be
transformed
into a form
of light
energy?
Did you
know that
electrical
energy can
be
transformed
into a form
of light
energy?

Do you

know the
experimental
stages of
converting
electrical
energy into
heat energy?

Do you

know the
benefits of
electrical
energy in
daily life?

Students Percentage of
students' answers
M (@] for each item
HO H HO H HO H HO H HO H HO H HO H
10 10 0 10 10 10 0 10 0 10 O 0 33,30% 83,30%
10 10 10 10 0 10 10 10 0 10 0 10 50% 100%
0 10 0 10 0 10 0 10 0 10 0 10 0% 100%
0 10 0 10 0 10 0 10 0 10 0 10 0% 100%
0 10 0 10 0 10 0 10 0 10 0 10 0% 100%
10 10 10 10 10 10 10 10 10 10 10 100% 100%
40 100 30 100 30 100 30 100 20 90 20 80 30% 95%
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Students Percentage of
. students' answers
No  Question K L M N o) P for each item
HO H HO H HO H HO H HO H HO H HO H
The average value of the students' pretest and posttest 28,3 95
The difference or increase in the students' average pretest and posttest scores 66,7

Note: HO is the pretest value and H is the posttest value

Student K has a pretest score of 40 and a posttest score of 100. At the beginning
of the learning process, the student has an understanding of the concept of electrical
energy and its benefits in everyday life. However, student K does not have a concept
about energy, its changes, and the experimental stages of energy change trials. During
the learning process using the experimental demonstration method, these students
looked very enthusiastic about participating in the learning process. The experimental
demonstration method increases students' interest and learning outcomes [37,38].
This can be seen from the increase in the value of K students by 60.

Student L has a pretest score of 30 and a posttest score of 100. Same L also only
knows the basic concepts of electrical energy and its benefits in everyday life.
During the learning process using the experimental demonstration method, students
looked enthusiastic and focused on observing the teacher's explanation of the
experimental stages of the material. Students actively participate in learning
activities. Student L does have good academic ability, concentration, and social
interaction, so that appropriate methods and media make students understand the
material presented better. The students' posttest results have increased by 70. This
is because the method that is in accordance with the needs of students makes it
easier for students to understand the material being taught [39].

Student M has a pretest score of 30 and a posttest score of 100. This student
experienced an increase in score of 70 at the time of the posttest. When the learning
process uses the experimental demonstration method, the use of concrete media
makes it easier for students to understand the material being taught. This is because
students with hearing impairment are visual learning [40]. Students look
enthusiastic, enthusiastic, and happy to take part in learning.

Student N had a pretest score of 30 and a posttest score of 100. Student N also
experienced an increase in the posttest score of 70. Even though these students had
poor academic abilities, during the learning process using the experimental
demonstration method the students looked focused, enthusiastic, and happy to
participate in learning. Interesting learning can increase students' understanding [41].

Student O has the same ability as student P. Student O has a pretest score of 20
and a posttest score of 90. Meanwhile, student P has a pretest score of 20 and a
posttest score of 80. Students O and P did not understand the energy unit at the time
of the posttest because they forgot the name of the energy unit. In addition to the
energy unit, student P also does not understand the various types of energy changes,
he only knows two kinds of energy changes from the explanation of the
experimental demonstration method. However, student learning outcomes have
increased at the time of the posttest. Student P needs a concrete and simple
explanation to understand the material about energy changes. Methods that suit
student needs are needed by students in the learning process. Especially for students
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with hearing impairments who have barriers in aspects of communication and
receiving information [20, 37].

Analysis of the results of the student learning process obtained data that the use
of experimental demonstration methods in the teaching process of changing
electrical energy into light energy makes it easier for students to understand the
material presented, especially for students with hearing impairments. This can be
seen from the increase in students' posttest scores. There was an increase of 66.7 in
the average value from pretest to posttest results. In addition, the percentage of
students' correct answers for each item was almost 100% at the time of the posttest.
Teaching science about energy changes that are considered difficult for students
with hearing impairments is actually easy to teach using experimental
demonstration methods. This is because the method used is in accordance with the
needs of students. Students with hearing impairments have problems understanding
complex and abstract information [14, 19, 20], so the delivery of simple and easy-
to-understand information is needed. The use of concrete media with clear stages
in the learning process using the experimental demonstration method makes it
easier for students to understand the material being taught.

5. Conclusions

The research discusses the teaching of changing electrical energy into light and heat
energy to students with hearing impairments. There are several stages of research
carried out, starting from field studies, program development, implementation, and
data analysis.

At the implementation stage, experimental demonstration methods are used
in the learning process of changing electrical energy into light and heat energy
for students with hearing impairments. To determine students' abilities, pretest
and posttest were conducted.

The research data explained that the level of students' understanding of the energy
change material had increased. It can be seen from the increase in the students'
posttest average score of 66.7. Increased student understanding because students
easily understand the material presented. The experimental demonstration method
provides convenience for students with hearing impairments in understanding
information, because in this method the stages of activity are clear and simple, and
the media used is concrete.

Students with hearing impairments need concrete media and simple explanations
in understanding something. Moreover, they are visual learning students who
optimize the function of the visual senses in the learning process. The results of this
study are expected to make it easier for teachers to teach students with hearing
impairments. This strategy is effective not only in the energy change subject but also
other difficult science subjects.
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