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ABSTRACT

Root-mean-square current in alternating current is an abstract concept that appears challenging to students
in the absence of any hands-on experimental tool. Therefore, the AC-Duino Kit, utilising an Arduino Uno
microcontroller and ACS712 current sensor, is developed and used in an experiential learning activity
involving real-life household electrical appliances to enhance this topic's teaching and learning experience.
Two-cycle action research was conducted on forty-six students undertaking a one-year matriculation
program with data collected from document analysis, interview, and observation. The result shows that the
students could relate root-mean-square current to power consumption, differentiate between heat and motor
appliances, and relate peak current to electrical safety. The study confirmed that this activity could bridge
the theoretical concept to real-life applications.
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1 INTRODUCTION

Root-Mean-Square (RMS) current measures the average current in an Alternating Current (AC)
circuit. The current constantly changes direction in AC circuits, unlike in Direct Current (DC)
circuits, where the current flows in one direction. The RMS current (I,.,,,s) is a way to express the
equivalent steady DC current that would produce the same amount of heat or power consumption
in a resistive load as the AC current does. For a sinusoidal AC current, the RMS current is related
to the peak current (1,) by the following formula:

=

rms_\/a

Where:
|rms is the root-mean-square current

|, is the peak current

RMS current value is a central concept to be learned in the topic of AC because this value is used
to calculate the average power consumption (P,,.) of any electrical device. The formula to
calculate the power consumption is as follows:

P =1V

ave — 'rms'rms

Where:
Pave is the average power consumption

|rmS is the root-mean-square current

Vrms is the root-mean-square voltage

The study uses an Arduino microcontroller to enhance the teaching and learning experience of the
RMS current concept in alternating current. Arduino microcontrollers are becoming increasingly
popular in physics education. An obvious advantage concluded by Sukmak and Musik (2022) is
that using Arduino allows students to repeat their physics experiments as many times as they need
because the graphical presentations of lab data are generated in real time, thus skipping the
conventional method of plotting graphs manually. Physics experiments are no longer complex and
can be conducted quickly. Physics laws can be visualised directly, accommodating more insightful
analysis and detailed discussion processes. By incorporating various sensors, Arduino devices can
feed real-time lab data on many physics' subjects, such as kinematics, mechanics, electricity,
electromagnetism, optics, heat, and temperature, in addition to programming knowledge.

In kinematics and mechanics, Azizahwati et al. (2020) created an experimental device using
Arduino to facilitate the teaching of the angular velocity concept in a circular motion. Pratiwi and
Fatmaryanti (2020) utilised a DC motor and a speed sensor LM393 module controlled by Arduino
to show the phenomenon of acceleration and deceleration displayed in graphical form. This
activity successfully enhanced their students’ problem-solving skills by 2.2% in analysing
kinematic graphs such as position-time and velocity-time graphs. A Physics Teacher Training
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College in Argentina also utilised a speed sensor with Arduino to determine the moment of inertia
of a steel flywheel (Dibarbora, 2021). In Hungary, the physics teacher education used a photogate
with Arduino to investigate the accelerated rotation of a fidget spinner by generating angular
displacement and angular velocity versus time graphs (Somogyi et al., 2022).

On the topic of simple harmonic motion, Sukmak and Musik (2022) developed a computer-based
experiment set using Arduino and infrared (IR) sensors to study the vertical oscillations of a spring-
mass system. Students analysed the displacement, velocity, and acceleration-time graphs using the
Mathematica program and drew a relationship between periods of oscillation with mass or spring
constant. Uzal (2022) and Megananda et al. (2021) both developed efficient distance measurement
instrument using ultrasonic sensor HC-SR04 and Arduino, where students must point the sensor
towards the object to be measured and distance values were generated automatically in LCD.

The popularity of Arduino as a lab tool also proliferated in the physics domain of electricity and
electromagnetism. Cicuta and Organtini (2022) had set up a ‘Smart Physics Lab’ based on Arduino
and smartphones. They showed that experiments that require expensive traditional equipment can
be run inexpensively with Arduino. Educators no longer need the uncommon oscilloscope to
observe capacitor charging or discharging exponential graphs in RC circuits. For an
electromagnetic induction process requiring a sensitive galvanometer and coils with thousands of
turns, Arduino allows the investigation using only a few tens of turns of the copper coil. A similar
experiment was conducted by Galeriu et al. (2015), who used the Arduino to investigate the
charging or discharging of capacitors in RC circuits. A semi-quantitative demonstration of
Faraday’s induction process using Arduino was also presented by Bezerra et al. (2019). An
investigation of series-parallel circuits and Ohm’s Law was conducted by Nurroniah et al. (2023),
who designed an automatic light control system using Arduino connected to an Android
smartphone via Bluetooth.

Previous research studies also showed that Arduino-based measuring tools were used extensively
in more real-life situations, creating meaningful learning experiences. Pusch et al. (2021)
introduced an easy circuit incorporating Arduino for measuring the electrical power of a solar
panel, as well as the application of a smartphone app ‘Phyphox’ connected to Arduino via
Bluetooth for displaying the measured data graphically in real-time. The circuitry allows for
measuring solar panel power in different situations of light-intensity exposure. In studying gas
laws, the Science Club students at Szekely Miko High School from Romania designed Arduino
measuring devices and set up a school mini meteorological station. In their project, problem-based
learning (PBL) was carried out where atmospheric physics phenomena and all ideal gas laws were
taught in an interdisciplinary approach involving physics, biology, chemistry, maths, economics,
and computer science (Peto, 2020). Similarly, using the BMP180 temperature and pressure sensor
and Arduino, Moya (2019) investigated various gas laws, such as Avogadro and Gay-Lussac’s
Laws. Thus, this research paper aims to relate the physics concept with more real-life situations,
enriching the context for students to learn about RMS current in the AC topic.
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2 REFLECTIONS ON PREVIOUS TEACHING

Based on previous teaching experiences, the lecturers find explaining the concept of RMS
currently complicated. The lesson is limited to rote memorisation of its definition in words and
problem-solving using mathematical equations. Students cannot relate RMS current to real-life
applications. The tools to demonstrate this vital concept to the students are not readily available in
conventional lab settings. Traditionally, lecturers must use an expensive oscilloscope to help
students visualise Alternating Current. Given the increasing popularity of Arduino with sensors as
lab tools in physics education, the researchers have decided to build an experimental device using
a low-cost Arduino microcontroller and ACS712 current sensor, namely AC-Duino Kit, to help
demonstrate the concept of RMS current. This inexpensive kit can give the students better
understand RMS’s current true definition and real-life applications. Besides, it fills the part of the
experimental gap left as none of the previous studies has yet used Arduino to demonstrate the
current RMS concept.

3 STUDY FOCUS

The main objective of this study is to improve the teaching and learning process on the topic of
AC using an Arduino microcontroller. Specifically, it intends to identify the student’s
understanding of the current root-mean-square (RMS) concept using the AC-Duino kit. In
addition, the study also focuses on identifying the other knowledge gained by students on the topic
of AC through this kit. The research was conducted with one-year matriculation program students
from Labuan Matriculation College during their second semester of Physics subject (SP025).
Forty-six students from two tutorial classes had been selected to implement the activity because
the intervention was repeated and improved for two consecutive cycles.

4 METHODOLOGY

The research was implemented in the Action Research model founded by Kemmis and McTaggart
(1988). This action research model has four stages: observe, plan, implement, and reflect for the
following cycles. Data was collected through observation, document analysis, and interviews with
lecturers and students. Lesson worksheet documents, documents of students’ work, questionnaire
survey data, audio recordings of interviews, observation photos and video recordings during the
intervention were also gathered. All these data significantly contribute to the narrative analysis, as
Jean and Jack (2002) suggested. Besides, the self-evaluation process can be enhanced within a
community of critical friends (Jean & Jack, 2002). Therefore, the head of the physics unit, the
subject matter expert (SME), and another two senior lecturers were invited to act as critical friends
for the action research.

An ACS712 current sensor was utilised for the experimental setup to measure the current flowing
in electrical devices. An extension wire was cut open, and the ACS712 current sensor was
connected to the neutral (blue) wire. The live (brown) wire was avoided as it posed a considerable
risk of electrical and fire hazards. A five-port extension wire was used to detect the flowing current
as it allows for easier connection to multiple electrical appliances. A code was written in the
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Arduino microcontroller to enable it to detect the peak current in the circuit and calculate the RMS
current using the physics formula: cap I sub r m s equals cap | sub 0 over the I, = % The code

would generate the corresponding average power consumption values in real-time using the
formula: cap formula P,,,. = L-nsViems- When calculating the average power, 240 V is used as the
value for RMS voltage (V,.,,5) because this is the RMS voltage value available for local Malaysia
household AC supply.

An Arduino Liquid Crystal Display (LCD) 1602+12C was added to the microcontroller to display
the LCD screen's RMS current and power consumption values. Two green and yellow light-
emitting diodes (LEDs) were also added to the kit to add a function of differentiating high-powered
or low-powered electrical appliances. This experimental device was named ‘AC-Duino Kit,” with
a low total cost of RM54.20, as shown in Figure 1.

aly

(a) (b) (¢)
® : Ne, Item Price (RM)
e . 1 Arduino UNO Board (SMD) + Cabie 3290
2 ACS712 Cuprentt Sersor (20A) 6%
: — 3 LCD 1602 + 12C (Bhe) 12.50
- _-I—‘l 'J“- | Mui Breadboard (170 holes) 1.00
= [ . 5§ Two 220-Olun Resstors 020
¥ ! 6 Two LEDs (Green and Yeliow) 020
_ 7 Few Jumper wires (nustre of M-M M-FF-F) 0.50
oo TOTAL 54.20

(d) (e)

Figure 1. AC-Duino Kit: (a) top view, (b) front view, (c) side view, (d) schematic drawing, and
(e) cost of apparatus.

To create a real-life learning experience, some household electrical appliances, such as a clothes
iron, toaster, wall drill, and vacuum cleaner, were brought into the laboratory. Figure 2 shows that
the AC-Duino kit was used to determine the RMS current and power consumption values of all
these electrical appliances. The flow chart in Figure 3 shows the detailed steps in using the AC-
Duino kit to explore AC graphs and RMS current.

128



Journal of Cognitive Sciences and Human Development. VVol.10(1), March 2024

(a) (b
Figure 2. (a) Household electrical appliances and (b) lecturers’ discussion.
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Plug i all four electrical appliances onto extension socket.

Connect AC-Duino kit to laptop.

/

AC Graphs

kJ

T~

EMS Current

J

Upload the code for AC graphs

mto Arduino and mun.

Upload the code for RMS current

mnto Arduine and run.

h

h

Switch on each electrical
appliance one after another.

Switch on each electrical
appliance one after another.

l

J

Open Senal Plotter i laptop and
analvse the AC graphs generated.

Observe the peak current, RMS
current, and power values
generated in Arduino LCD.

h

Y

Differentiate the graphs between
appliances based on heat or motor.

Differentiate the power values
between apphances based on heat

or motor.

Check the labels on electrical
appliances about frequency and
draw a conclusion on AC graphs

generated.

Check the labels on electrical
appliances about power values and
compare with power values

generated by Arduino.

Figure 3. Flowchart of the detailed steps in using the AC-Duino Kit.
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5 INTERVENTION AND OBSERVATION

The action research had gone through two cycles. During the first cycle, the AC-Duino kit was
used to demonstrate to students the formation of AC graphs and read the RMS current of selected
household appliances. By the end of the session, it was noticed that the students could not relate
to the demonstration and its concept. The students were still passive while listening to the
demonstration, and some did not comprehend the explanation. In the reflection phase, several
suggestions were pointed out by the critical friends on how to develop the session, such as actively
involving students in experimenting by themselves, reading the coding, and relating the theory
learned with the observation.

To address the problem, in the second cycle, Kolb's Experiential Learning Model (2015) was
incorporated to facilitate the teaching and learning process using the AC-Duino kit. According to
Kolb (2015), experiential learning involves a cycle of four key steps, namely Concrete Experience
(CE), Reflective Observation (RO), Abstract Conceptualization (AC), and Active Experimentation
(AE). These steps engage students in a holistic learning process. They start with a hands-on
experience, reflect on it, build conceptual understanding through instruction, and then apply their
knowledge in experiments or new situations. The detailed steps of the AC-Duino activities were
laid out using the Experiential Learning Model, as shown in Table 1. Figure 4 shows some photos
taken during observation as evidence of activity implementation.

Table 1. AC-Duino activities based on experiential learning model.

Phase AC-Duino activities

Concrete e Using only one electrical appliance, such as a cloth iron, the lecturer

Experience (CE) demonstrated the AC graph and showed the RMS current and power
consumption values generated through the AC-Duino kit to the
students.

e The students read through the coding on the Arduino board, and a
brief introduction was given.

e The students viewed all the electronic components in the AC-Duino
kit, and a brief introduction to each function was given.

Reflective e Students reflected on what they had observed and experienced.

Observation (RO) e A worksheet with guided questions was provided to help students
share their thoughts about the AC graph and RMS current.

Abstract e The integral concepts on peak current, RMS current, and

Conceptualization characteristics of AC graph were introduced.

(AC) e The true definition of RMS current related to electrical appliance

power consumption was emphasised.
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e Lecture notes or reading materials that explain their concepts were
provided to assist students in relating to the experiment in real life.

Active e A project was assigned where students conducted experiments using

Experimentation an AC-Duino kit to check on all four electrical appliances: cloth iron,

(AE) toaster, wall drill, and vacuum cleaner. Several objectives had been
outlined.

e Students identified which electrical appliances are high-powered or
low-powered by referring to the green and yellow LEDs.

e Students compared the power value generated by Arduino with the
power value stated on the label of each electrical appliance.

e Students differentiated the AC graphs generated between electrical
appliances based on heat or motor.

e Students checked the power limit (13 amp) on the extension port wire
and discussed the importance of peak current in electrical safety.

e Students related the importance of RMS current in determining
electrical appliance power consumption.

e Students reasoned about their observation data and presented
findings to the class.

(a) _ (b)
Figure 4. AC-Duino activities based on the experiential learning model: (a) students observing
data generated by Arduino, (b) students checking labels on electrical appliances, and (c) students
conducting experiments on various electrical appliances.

Throughout the second cycle, students achieved many noticeable key learning points. One
meaningful lesson was learned when students used the Arduino microcontroller to investigate the
graph of AC. As shown by the experiment in Figure 5, the AC graph follows a sinusoidal shape
instead of a constant DC graph. Students could easily relate this observation to what they learned
in their lecture notes, that alternating current is continuously changing and exhibiting positive and
negative values.
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Using Heat
(Clothe Iron / Toaster)

Using Motor
(Wall Drill / Vacuum Cleaner)

(a)

[
t BLACKS DECKER™
/ 0 /\ ; I_E' HAMMER DRILL
SaTrcoic?,  220-240V A
50/60Hz <50W  10mm
02005, min
1 N / 3\ /2T ; Warning : ead instruction manual.
2 E Made In China v
-1, - -

(b)
Figure 5. (a) AC graphs in reality, (b) AC graph in lecture note, and (c) label of an electrical
appliance showing high frequency, 50/60 Hz.

However, a distinctive difference exists between the AC graph observed and the AC graph in the
lecture note. Students might not realise that AC oscillates extremely fast, although they were
verbally told it. The beautiful sinusoidal curve of the AC graph in their lecture note did not tell
them the truth of fast oscillations in AC. This activity helped them realise the high AC frequency
when they saw the sharp, spiky AC graph generated by the AC-Duino kit. This observation is
especially proven when students check the label of electrical appliances; they notice that the
alternating current operates on a high frequency ranging from 50 Hz to 60 Hz, which means that
AC oscillates extremely fast, 50 to 60 times per second.

Another important discovery is that the AC graphs for electrical appliances operating on heat (cloth
iron and toaster) show a remarkably high peak of current all the time, indicating very high-power
consumption. On the other hand, the AC graphs for electrical appliances operating on a motor
(wall drill and vacuum cleaner) only have an initial spike of current, indicating that they consume
more power to rotate the motor initially but low power consumption later on most of the time. This
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is a good lesson for students too that they should not constantly switch on and off the motor
unnecessarily as it will waste more electricity. Students also discovered the thermostat feature in
cloth iron when the AC graph suddenly dropped to zero. The cloth iron cut off the power supply
when its temperature raised to a specific value.

Figure 6 shows the various RMS current, peak current, and power consumption values detected by
the AC-Duino kit for different electrical appliances. Students observed that the peak current could
go above the RMS current value in alternating current, meaning that RMS current is just an average
value representing AC. Arduino uses this particular RMS current value to calculate the power
consumption value of any electrical appliance, based on the formula P,yerqge = LrmsVims -
Students also learnt that the RMS voltage (V}.,,,s) value here is 240 V , as this is the AC supply in
Malaysian households. When students compared this average power value with the power value
stated on the label of the electrical appliance, they found that they almost had the same values,
thus validating the power values generated by Arduino. Based on this activity, students understand
the true meaning and significance of RMS current value more clearly, as it is the average value
applicable to determining the power consumption of any electrical appliance in real-life situations.
For example, the Cornell toaster is detected as having an RMS current of 6.04 A and power
consumption of 1450.11 W by Arduino. This power value is remarkably similar to the 1400 W, as
stated on the label behind the toaster.

(o) o
X I(peak):3,

[(peak):6.98A I¢peak):9.02A

I¢peak’i2.69A ¢ 7iA [
| Iirme):2.620 W

(o

I{rms):1.96A

I(rms):4,.94R ‘ I(rms):6.42A

Cloth iron Toaster Wall Drill Vacuum Cleaner

I
1

| s A ’ M___E_ ' | figeneyz.6n
i < Q

Toaster (Heat) - Yellow LED Wall Drill (Motor) - Green LED
(High Power, >1000 W) (Low Power, <1000 W)

Figure 6. Arduino LCD readings of peak current, RMS current, and average power consumption
for various electrical appliances.

Two green and yellow LEDs were incorporated into the AC-Duino kit to help students differentiate
between high-powered and low-powered electrical appliances. Students could see that the
electrical appliances operating on heat generally consume more power (above 1000 W) than
motors. Figure 6 shows that the Cornell toaster operating on heat has the highest RMS current of
6.04 A and power consumption among all, 1450.11 W. Thus, the yellow LED was lit up the other
hand, the wall drill operating on the motor has the lowest RMS current of 1.86 A and power
consumption of 447.46 W only. Thus, it lighted up the green LED.
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A survey was given to students to check their learning experience of AC between the conventional
classroom and AC-Duino kit approaches. Figure 7 shows the findings from the survey. Most
students claimed they did not understand the concept of AC current under conventional classroom
instruction (mostly at lower scores). However, a substantial increase in scores of 4 and 5 was found
after implementing the experiential learning activity using the AC-Duino kit, showing that most
of them understood the concept of AC through this activity.

[ understand the concept of the AC current [ understand the concept of the AC current after
after conventional classroom lesson. experiential learning activity using AC-Duino.

(a) (b)

Figure 7. The learning experience of AC current: (a) conventional classroom instruction and
(b) experiential learning activity using the AC-Duino kit (the scale ranges from 1-strongly
disagree to 5-strongly agree).

Figure 8 shows that students could draw a correct sinusoidal shape for all AC graphs in the activity
worksheets distributed. Students could also differentiate the graph shapes between electrical
appliances operating on heat (cloth iron/toaster) or motor (wall drill/vacuum cleaner). The student
could record all current and power values correctly in the table, as observed from the Arduino
LCD screen. Here, students could make comparisons and discover that all power values are
remarkably similar to the actual power values in the label, thus validating their understanding
towards RMS current. Besides, students could make comparisons of power consumption among
all electrical appliances and discovered that the toaster consumes the most power, 1425.25 W.
They found out that appliances based on heat, like clothes irons and toasters, generally have power
values above 1000 W, whereas appliances based on motor, like wall drills and vacuum cleaners,
have power values below 1000 W.
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4. Please connect to each clectrical appliance one by one and sketch the AC graphs you
observed from all electrical appliances:

Clothe Iron Toaster
I(A) 1(4)
A A
=3 t(s)
Wall Drill Vacuum Cleaner
1(A) . : 1(4)
A A
— ’ ts) | g t(s)
(a)

3. Please record the values from Arduino LCD and compare with the label values from each
electrical appliance:

Item Power (Label) (W) | I (A) Ims (A) | Vems (V) | Power (W)
Clothe Iron 1|00 £.30 4.45 240 1068 .65
Toaster 1400 8.5 5-9% 240 425 -25
Wall Drill 450 2 .3¢ [- 9% 240 Y432 .22
Vacuum 600 12.00 l. 42 240 $39.%4
Cleaner

4. Which item has highest power consumption?
Toaster

(b)

Figure 8. Activity worksheet (student’s data sample): (a) AC graphs and (b) peak current, RMS
current, and power consumption values for various electrical appliances.

An interview session was also conducted with students to collect authentic responses about
students’ learning experiences using the AC-Duino kit. Figure 9 shows the responses from several
students in the interview session. Based on their responses, it is proven that students had gained a
more holistic understanding of AC and its relation to real-life situations. For example, students
learned about safety precautions, such as not applying excessive electrical appliances at the same
electric port as any regular electric socket with a current limit of only 13 amp. Applying too many
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loads at the same socket will have the danger of a total current exceeding 13 amp and causing a
fire hazard. Regarding the current limit of 13 amp, the peak current value should be considered
instead of the RMS current value because the changing alternating current can rise beyond the
RMS current value. Therefore, the peak current value is essential to be considered when in terms
of electrical safety. In contrast, the RMS current value is specially used to determine power
consumption and energy usage of electrical appliances. Through this activity, students can better
differentiate the usage between peak current and RMS current.

The most meaningful thing is | know how to
reduce the consumption of power by looking most of the causes of fire in the house are
at the label because before this | was not due to the current used in extension
aware of that. | have learnt that not all exceeding 13A

electrical appliances can be use on the same
extension at the same time to avoid shock
circuits and for safety purposes

| can take precautions after knowing that

| learnt which electrical appliances uses the
highest power consumption and which
electrical appliances uses the lowest power
In order to save electricity, it is advised to not to operate. | also learnt how to operate

turn and off the switch electric appliances properly. This helps me to
save energy and helps save money because
Toaster has the highest power consumption. can avoid expensive electric bills and avoid
Meanwhile wall drill and vacuum cleanear wasting electricity.

has high initial peak current due to power
consumes to rotate the motor inside. Clothe

This project help me understand more about

iron has thermostat feature that cut off
power consumption when it reaches certain
temperature

alternating current. | have learned how the
current work when we switch on and off the
switch, | also understand more about the
root mean square(rms). This project is fun

The electrical appliances use heat to operate
have higher power consumption while the
electrical appliances use motor to operate
have lower power consumption. The
electrical appliances use motor use more
power to rotate at initial

| am able to relate and comprehend things
that | learned theoretically through this

~Rraiectand it suce does enhance my,

knowledge about the topic. | am amazed that
we can actually do a lot of thing through
Arduino-from measuring weight to
determining the current in our house
appliances. Today, | learned that appliances
that uses heat use more power and we must
be aware of the electrical usage for safety.

We can know maximum electrical
requirements we can use in our house

By doing this experiment, I'm able to
understand about the theory.

| now understand why we can only use
certain number of electrical appliances on
one port. Beside that, | can now visualize
how current work in electrical appliances

| can understand the concept of

Realize the reason why the school emphasize
the regulation of preventing student to bring
or use electronic material that consume too
much power and can cause short circuit

It is important to know the current value so
that can prevent the electric bill become very
high

Figure 9. Students’ interview responses.

Figure 10 shows that this AC-Duino activity helped students to realise that coding is not just a tool
for programming robots but is a much more helpful tool that can be used to solve real-life
problems. Many programming theories from Computer Science are being put into actual life
applications in this activity. Knowing how to write codes that program the Arduino into collecting
data for peak current, calculating RMS current, and ultimately generating the value of power
consumption for any electrical devices certainly boosts the students’ interest in programming
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knowledge as well as physics knowledge—it is likened to “killing two birds with one stone”. A
student even commented on creating such projects in the future.

From this activity, what do you see about
programming or coding? Is it just about
making a robot? 250 PM &7

———

Boleh jelaskan sikit apa yg berlaku dim
coding itu bagaimana coding itu mencari

7 P
Chun Hoe Pek RMS Current value? 417 P 7

From this activity, what do you see about progr...
absolutely nope, it not just making a robot.
we also learnt how to solve the problem
using coding. coding or programming can
be useful to other activities in our daily
life. for example, we use programming to
calculate the current flow of toaster and

. iron. we also can use programming to make
an application or anything else
v

the arduino will read the input of the power/
current and adding the square of every

of the data. Once 1000 data is added,
sumSquare/1000. then the square root

the result to get rms. and the program will
looping to get the current value from the
electronic devices that connected to the
arduino

IE E "t_ Because you all learn java right? ) PM &
rf!c:):::h, we have long and int also but float is
{ | written as double
——
| Chun Hoe Pek
! l D Ini untuk cari RMS current
Using maths functions such as power,
square to find rms

l Chun Hoe Pek

And this? Any familiar concept
There is conditions statements, if ‘
statement, to constantly update the peak
current

751 PM w7

Concept data type, float - decimal points, |
long - store bigger integer, int - store a .
) !'J.
Sa g

Apart from that, | can learned a new thing like
coding and new feature in electrical stuff like
thermostat which is not being taught in the
classroom . Furthermore,| realized that
electrical stuff that use heat like iron and
toaster use more power consumption
compare to drill,vacuum which is less
consumption,before this ,| thought that
vacuum and drill use more power

consumption. In a nutshell, | do hope | can
learn more of this stuff as it can help
students understand the concept of physics
more easy and make them love more of
physic subject by doing it hands on compare
to explain it theoretically. And also | do hope |
can also do this kind of project as | want to
create my own project in the future.

smaller integer value
RES—— i
Figure 10. Students’ interview responses. An interview was also conducted with lecturers who
act as critical friends, and below were their responses regarding ways to improvise the project
further:

Lecturer A: Use a projector or set up a few Arduino kits so that students can see the LCD easily.
Lecturer B: ...The activity can be improved in terms of engagement... great to see the activity be
more learner-centred and more aligned to the idea of discovery/exploratory learning.

Lecturer C: microcontroller can be connected to a Wi-Fi or Bluetooth module to send the current
readings to a remote device, such as a computer or smartphone.
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Based on suggestions given by the critical friend lecturers, the area of limitation for the second
cycle of the AC-Duino project was identified. As only a set of Arduino microcontroller was
available to the whole class for demonstration and experiment purposes, some students were not
able to see the Arduino LCD screen or laptop screen easily. Thus, in the third cycle of the AC-
Duino project, a few extra Arduino kits are planned to be set up so that more students in the whole
class can experience them. Perhaps a projector can be set up to display Arduino data more
prominently in front of the classroom. Another option is for the project to be further improved by
incorporating Internet-of-Things (10T) elements. The Arduino microcontroller can be connected
to a Wi-Fi/Bluetooth module or even an loT-supported device ESP32 to wirelessly transfer the
real-time current readings to students’ smartphones.

6 CONCLUSION

This experiential learning activity, which utilises Arduino microcontroller technology to
demonstrate the concept of RMS current, has positively impacted students’ learning process.
Students can understand its definition more clearly after relating it to power consumption values
generated by Arduino for various household electrical appliances. Many other unexpected gains
of learning experience related to alternating current topics also happen when students learn through
this real-life physics experiment involving robotic technology. The sinusoidal graph of alternating
current, current limit of 13 amp on electrical socket, peak current consideration in electrical safety,
RMS current significance in energy usage, thermostat feature in cloth iron, and differences
between electrical devices based on heat or motor are some notable examples of meaningful real-
life lessons exhibited through this AC-Duino activity. These lessons cannot be learned or
experienced through regular classroom instruction using lecture notes. These benefits of real-life
applications using Arduino as a teaching tool further confirm the findings of Pusch et al. (2021)
and Peto (2020), who also successfully related physics content with real-life situations through
Arduino microcontroller application.

Nevertheless, precautions must be taken seriously in this lab activity as a high current is involved.
Since the neutral (blue) extension cord wire is cut open to be connected to the ACS712 current
sensor, the point of electrical hazard is constantly exposed whenever the power is switched on.
Absent-minded students may quickly get an electrical injury if they accidentally touch this part of
the exposed wire. Therefore, it is of utmost importance that educators strictly supervise the
students’ lab activity of measuring current. Hot items such as cloth irons and toasters also pose the
danger of burn injury if handled negligently. Besides, the ACS712 current sensor needs to be
calibrated correctly in terms of coding before it can generate accurate measurement data. The RMS
voltage value in the code also needs to be adjusted depending on the country in which the person
is experimenting. In the United States, the RMS voltage should be 110 to 120 V, instead of 220 to
240 V in Malaysia. Educators can easily replicate this low-cost AC-Duino kit for use in their
classroom setup by carefully adhering to the experimental setup, precautions, and calibrations.

Most importantly, using a low-cost Arduino microcontroller in teaching physics allows students
to see the practical applications of physics laws and computer science programming knowledge in
modern-day, real-life situations. By working with microcontrollers and sensors, educators and
students can find modern ways of studying physics laws and phenomena, thus cultivating the

139



Journal of Cognitive Sciences and Human Development. Vol.10(1), March 2024

students’ interest in Science, Technology, Engineering and Mathematics (STEM). Rather than
collecting lab data manually using slow conventional methods, microcontrollers are capable of fast
real-time data feed where graphs and results are spontaneously generated. It allows students to
observe physics laws happening directly in real-time. These benefits further confirm the findings
of Sukmak and Musik (2022) that using Arduino allows students to repeat their physics
experiments as often as needed and focus more on observing physics laws rather than scientific
manipulative skills. Students will become more engaged, enthusiastic about learning, and more
appreciative of the knowledge they receive. Besides, recent technologies in the learning process
can be a factor of motivation and inspiration for students to embrace a career in STEM.
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