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ABSTRACT. In this study, the new electrochemical cell device using Arduino and sensor was developed, and experiments of
changes in voltage at the time of serial and parallel connection of electrochemical cells were conducted to verify the effective-
ness of the device. In addition, in order to examine the educational effects of the device, student’s inquiry activities of measuring
voltage of electrochemical cells and making objects using the voltage difference were conducted. As a result, it was confirmed that
the electrochemical device using Arduino and sensor could not only perform automatic measurements and visualize data but
also have a possibility to seek various educational effects through easy coding and modification of the device. Based on the
results of students' performance, it was found that experimental activities using the device impart a positive effect not only on
the understanding of scientific concepts, but also on the development of the practical ability to apply scientific knowledges to
the real life. Educational implications are discussed in terms of ‘learning by making’.
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INTRODUCTION

Recently, based on the remarkable growth of ICT (Infor-

mation & Communication Technology), new industrial

revolution is being opened where anyone can produce and

trade which is called maker movement.1,2 Today’s maker

movement has taken off with using of inexpensive digital

tools and sharing product and process.1,2 Therefore, ama-

teurs have been able to make their own creations using ICT

and open sources. The maker movement, combined with

the constructivism of education, has been studied under the

name of the maker education.3−5

Maker education, a trend necessitated by the social demands

of our current time, has been receiving the spotlight as a

means of cultivating future talents, primarily in education-

ally advanced countries.2,3 Maker education means ICT-based

making-oriented education method, which can develop vari-

ous core competencies that will be required in the future

through the process of actively designing and manufac-

turing products that are personally and socially meaning-

ful.2,3 Since maker education in educationally advanced

countries was announced as one of the main education pol-

icies, many efforts are being made in elementary and sec-

ondary school education to implement maker education,

including securing maker spaces, developing teacher pro-

fessionalism for maker education, and selecting and oper-

ating leading school for maker education, and so on.2,3,6−8

Today, maker education, which is currently being carried

out in elementary and secondary education field, is mainly

composed of simple hands-on activities to create something

using software or digital production tools in non-formal

education courses.3,8,9 However, in the maker education, there

is a need for the technique development activities such as

coding or learning to use a 3D printer to some extent, but

the education that is biased toward this aspect is not ulti-

mately suitable for the essence or value of the maker edu-

cation.8−10 The essence of maker education is to develop the

ability to make a change by finding and solving the problem

for the students themselves.11,12

In order for education based on the essence of maker

education, it is necessary to find ways to implement maker

education in each subject education. This is because not only

can maker education be systematically planned and imple-

mented over a long period of time, but also maker education

that reflects the characteristics of each subject can be con-

ducted from various viewpoints. Therefore, it is necessary

to find a maker education strategy that reflects the char-

acteristics of each subject according to its essence, and through

this, it is necessary to find out various possibilities of maker

education. 

Accordingly, the field of science education is currently

pursuing studies to integrate science contents with maker
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education, and to seek the means of utilizing maker edu-

cation in the regular science curriculum.11,12 As an example,

there is the carbon dioxide fountain device using Arduino

that was developed for the better understanding of scientific

contents through applying chemistry knowledge to code.12

Therefore, it is necessary to continually try to find out more

effective ways of chemistry education by identifying var-

ious possibilities and features of maker education.13−15

Meanwhile, traditional subject teaching focuses mainly

on knowing concepts. However, education in the digital

age to cultivate creative talent should move from knowing

concepts to where knowing, applying, and creating con-

cepts all exist. Thus, it is necessary to discuss specific strat-

egies that can foster students’ knowing, applying, and

creating concepts in the maker education. In this regard, Sey-

mour Papert, a significant precursor of modern maker edu-

cation and constructivist,16,17 argued that it was necessary

to give students the opportunity to make some objects for

themselves. For example about learning circuitry and elec-

tricity concept, in a traditional classroom setting, students

learn about circuitry and electricity generally; however, in a

maker education, students use circuitry and electricity con-

cept to make objects they want. This is ‘learning by making’,

and it has been emphasized that such learning by making

can develop students’ knowing, applying, and creating

skills.16,17

Thus, it is necessary to provide students with an opportunity

to make some objects using chemistry concept in order for

chemistry classes to take place in terms of learning by

making. By the way, in order for students to make some-

thing using chemistry concept in class, instrument or kit

such as experimental device given to students need to be not

only easy to handle, but also allow for various manipula-

tions and visualization of the resulting values.18 This is

because not only the result values need to be explicitly shown,

but also various manipulations and modifications are pos-

sible in order for a variety of ideas to be tried in the process

of making.18

Meanwhile, MBL (Microcomputer Based Laboratory)

devices can accurately collect and visualize data by using

the interface and a sensor.19 However, MBL devices have

been pointed out as difficulties in software change and high

prices, and as a result, utilization of MBL devices in the field

of science education is low.19 In contrast, there is a possibility

of obtaining more beneficial educational effects through

experimental devices that use Arduino and sensors instead

of using the MBL. In other words, since Arduino can be used

for general purpose, it is possible to easily measure and

process what student wants to experiment through cheap

installation cost by purchasing only the sensor used in each

experiment. 

In particular, since experimental devices that utilize Ardu-

ino and sensors, unlike the MBL device, can be programmed

easily,19 the environment suitable for the experimental sit-

uation can be implemented easily by software. Such flexible

experimental environments can give elementary and sec-

ondary school students an opportunity to attempt their ideas

in a variety of ways. Students would have the opportunity

to explore, discuss and study the problem under the Ardu-

ino-based experimental environment on their own, which

could ultimately be helpful in developing capabilities such

as communication and problem-solving abilities, along

with a better understanding of scientific concepts.

In other words, experimental devices using Arduino and

sensors are thought to provide students with the opportunity

to create something by themselves using chemical concepts,

which is thought to enable ‘learning through making.’

However, MBL will be difficult to provide students with a

learning environment where they can make something through

chemical concepts.

Therefore, in this study, electrochemical cells were devel-

oped using Arduino and sensor as an experimental device

first. Among chemical concepts, electrochemical cell has

been known to have difficulty understanding both students

and teachers.20−22 It has been shown that the interactions

between electrodes and electrolytes, such as potential dif-

ferences in chemical cells, flow of electrons, half-cell poten-

tial measurements and so on, are difficult to understand

from a microscopic perspective. Prior research suggested

that simple web animation or direct experimental activi-

ties were needed to understand electrochemical concepts

correctly.23 In other words, a strategy is required to visu-

ally identify concepts related to chemical cells, but there

are no or insufficient experiments for students to visually

verify the effects of chemical cells. Therefore, in this study,

it was intended to develop electrochemical cells using

Arduino and sensors. 

Then, the developed experimental devices were applied

to the students' inquiry activities. That is, the students mea-

sured the voltage of Arduino-electrochemical cells and

made objects using the chemistry concept such as the volt-

age difference of an electrochemical cell. The educational

effects of the developed experimental devices and activities

of students were explored from the perspective of learning

by making. In other words, in this study, we conducted a basic

study to explore the educational possibilities of ‘learning

by making’, focusing on the development of Arduino-elec-

trochemical cells and the creation activities of students
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using the developed cells themselves. The specific objec-

tives of this study are as follows:

First, we developed Arduino-electrochemical cells and

confirmed the agreement between the developed cells and

the predicted voltage values.

Second, we developed whether students were involved

in making activities using the developed Arduino-electro-

chemical cells and introduced the cases.

Third, we explored the educational possibility of ‘learn-

ing by making’ using the developed Arduino-electrochem-

ical cells.

EXPERIMENTAL

This study introduced the examples of making activities

of students using developed Arduino-electrochemical cells

in chemistry classes and explored the new possibilities as

an educational strategy at the basic level. To this end, in

this study, we developed the Galvanic and Daniel Arduino-

electrochemical cells that were made up of Arduino Uno

board, voltage sensor, and various metal plates and also

measured the voltage of each cell in the series and parallel

connections. Then, we applied the Arduino-electrochem-

ical cells to the student's inquiry activities consisting of two

activities such as the main and application activities.

The Development of Electrochemical Cell Using Ardu-

ino and Sensor

The development process of the electrochemical cell

using Arduino and sensor consists of the three phases of

electric circuit construction, code, and performing exper-

iment.

Electric Circuit Construction

First of all, connect the Arduino Uno board, voltage sensor

and metal plates. The overall device connection is as shown

in Fig. 1.

A voltage sensor could be used to measure the voltage of

the cell. In this experiment, a voltage sensor (SZH-SSBH-

043) was used for the convenience. The voltage sensor

(SZH-SSBH-043) was used to measure voltages between

0 and 25V. The electrical connections were made as follows.

To measure the voltage of an electrochemical cell, connect

the 'GND' part of the voltage sensor to the metal plate to be

oxidized and then connect the 'VCC' part of the voltage sen-

sor to the metal plate to be reduced. Connect the 's' terminal of

the voltage sensor to 'A0' of the Arduino board, the '-' ter-

minal of the voltage sensor to 'GND' of the Arduino board

and the '+' terminal of the voltage sensor to '5V' of the

Arduino board follows (Fig. 1).

Code

The Arduino is controlled by code written with the

microcontroller’s own programming tool known as the

‘Integrated Development Environment (IDE)’. The volt-

age entering VCC is represented by 'vin', and the voltage

entering from S is represented by 'vout'. And if we express

resistance 30k as R1 and resistance 7.5k as R2, then vin:

vout = (R1 + R2): R2. The following code implies to read

the voltage of the electrochemical cells.

void loop() {

…..

value = analogRead(analogInput);

vout = (value * 5.0) / 1024.0;

vin = vout / (R2/(R1+R2));

…..

}

Performing Experiment

The experimental steps are as follows and Fig. 2 and 3

are schematics of the electrochemical cells using Arduino

and sensor.

Galvanic Electrochemical Cells in Series and Parallel

The serial and parallel connections of the Galvanic elec-

Figure 1. Schematic of the electrical circuit.
Figure 2. Series and parallel connection of Galvanic electro-
chemical cells.
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trochemical cells are shown in Fig. 2. At this time, Fig. 3

shows the actual experimental photos of Galvanic elec-

trochemical cells.

� Galvanic Electrochemical Cells in Series

#1. Fill three beakers with 1.0 M sulfuric acid solution.

#2. Connect the voltage sensor to the Arduino board and

the Arduino board to the computer.

#3. Connect the copper electrode to zinc electrode (#2-

#3, #4-#5) with a short connecting cord.

#4. Connect the zinc electrode (#1) to the GND and the

copper electrode (#6) to the VCC part of the voltage

sensor.

#5. Measure the voltage.

� Galvanic Electrochemical Cells in Parallel

#1. Fill three beakers with 1.0 M sulfuric acid solution.

#2. Connect the voltage sensor to the Arduino board and

the Arduino board to the computer.

#3. Connect the zinc electrode to zinc electrode (#1-#3,

#3-#5) and the copper electrode to copper electrode

(#2-#4, #4-#6) with a short connecting cord.

#4. Connect the zinc electrode (#5) to the GND and the

copper electrode (#6) to the VCC part of the voltage

sensor.

#5. Measure the voltage.

Daniel Electrochemical Cells in Series and Parallel

The serial and parallel connections of the Daniel elec-

trochemical cells are shown in Fig. 4. At this time, Fig. 5

shows the actual experimental photos of Daniel electro-

chemical cells.

� Daniel Electrochemical Cells in Series

#1. Fill 3 beakers (1, 3, 5) with 1.0 M zinc sulphate solu-

tions and other 3 beakers (2, 4, 6) with 1.0 M copper

sulphate solutions.

#2. Connect beakers #1-#2, #3-#4 and #5-#6 with wet-

ted (saturated potassium nitrate solution) filter paper

strips.

#3. Insert the metal electrodes (copper in copper sulphate

solution, zinc in zinc sulphate solution) to beakers.

#4. Connect the voltage sensor to the Arduino board and

the Arduino board to the computer.

#5. Connect the zinc electrode in half-cell to copper elec-

trode in half-cell (#2-#3, #4-#5) with a short connect-

ing cord.

#6. Connect the zinc electrode in half-cell (#1) to the

GND and the copper electrode in half-cell (#6) to the

VCC part of the voltage sensor.

#7. Measure the voltage.

� Daniel Electrochemical Cells in Parallel

#1. Fill 3 beakers (1, 3, 5) with 1.0 M zinc sulphate solu-

tions and other 3 beakers (2, 4, 6) with 1.0 M copper

sulphate solutions. 

#2. Connect beakers #1-#2, #3-#4 and #5-#6 with wetted

(saturated potassium nitrate solution) filter paper strips.

#3. Insert the metal electrodes (copper in copper sulphate

solution, zinc in zinc sulphate solution) to beakers.

#4. Connect the voltage sensor to the Arduino board and

the Arduino board to the computer.

#5. Connect the zinc electrode in half-cell to zinc elec-

trode in half-cell (#1-#3, #3-#5) and the copper elec-

trode to copper electrode (#2-#4, #4-#6) with a short

connecting cord.

Figure 3. Actual experimental photos of Galvanic electrochemi-
cal cells.

Figure 4. Series and parallel connection of Daniel electrochemi-
cal cells.

Figure 5. Actual experimental photos of Daniel electrochemical
cells.



A Study on the Development of Arduino-Electrochemical Cell and the Exploration of Educational Possibilities... 223

2021, Vol. 65, No. 3

#6. Connect the zinc electrode in half-cell (#5) to the

GND and the copper electrode in half-cell (#6) to the

VCC part of the voltage sensor.

#7. Measure the voltage.

Students' Inquiry Activities 

The inquiry activities using Arduino-electrochemical cells

for students consisted of main and application activities.

The main activities consisted of providing students with the

basic knowledge and skills needed to conduct the Arduino-

electrochemical cells experiment, such as information about

electrical circuit connection and coding for 2 hours. And

the main activities also consisted of students making their

own electrochemical cells into the series and parallel con-

nections, measuring voltages, and graphing voltage values

for 2 hours. 

The application activities consisted of students making

some objects by using Arduino-electrochemical cells for 4

hours. Therefore, after conducting the main activities, the

students were asked to make objects operating actuators by

using the voltage difference between the serial and parallel

connections of the Arduino-electrochemical cells as the

application activities.

Meanwhile, the 8 students who participated in the inquiry

activities in October 2018 were second-year students

attending A high school in Seoul, Korea. The participants

were volunteers who were taking chemistry classes and

were organized into two groups for inquiry activities. 

Semi-structured Follow-up Interview for Students

After the students completed inquiry activities, a semi-

structured follow-up interview was held with each student

over a period of approximately 30 minutes. The contents of

the follow-up interview included questions about the char-

acteristics of the inquiry activities, and the reasons thereof.

All the answers given by the students during the follow-up

interview were recorded.

Data Analysis

After having transcribed the entire contents of the fol-

low-up interview, the contents of the students' responses

were analyzed. At this time, a summative approach method

of analyzing the qualitative contents with a focus on the

meaning implied by the terminologies or contents in the stu-

dents’ responses was used. As such, two analysts summa-

rized the core contents of the students’ responses on coding

paper in a single paragraph and key words were chosen from

the core sentences. Moreover, the extent of concordance

between the analysts was checked from the perspective of

the key words. If the opinions of the analysts were not in

concordance, the cause of the non-concordance was reviewed

by reanalyzing the relevant data, and then a final decision

was made through discussion. Moreover, analysts were

instructed to present the representative contents of the

response in the research results to enable clear assessment

of the overall trends, responses, and characteristics of the

answers the students gave.

RESULTS AND DISCUSSION

The Electrochemical Cell Experiment Using Arduino

and Sensor

We developed the electrochemical cell using Arduino

and sensor, and experimented with ‘voltage change when

connected in series’, and ‘voltage change when connected

in parallel’ using this device. The results are as follows.

Galvanic Electrochemical Cell in Series and Parallel

The complete cell consisted of copper and zinc elec-

trodes partially immersed in diluted sulfuric acid. The sur-

face of the zinc electrode readily dissolved in the sulfuric

acid, and the zinc atoms combined with the sulfate to form

zinc sulfate. In this process, the zinc atoms leave electrons

behind them on the zinc electrode. 

Oxidation: Zn → Zn2+ + 2e-

Reduction: 2H+ + 2e- → H2

As the zinc sulfate forms, hydrogen ions are released,

and these ions travel to the copper electrode, where they

acquire electrons.

When Galvanic electrochemical cells were connected in

series, the total voltage was the sum of the voltage of the

respective cells, or when Galvanic electrochemical cells

were connected in parallel, the total voltage was equal to

one voltage. When the electrochemical cells of each beaker

were connected in series and the voltage was measured, it

was observed that the voltage increased by two, and three,

respectively. However, when electrochemical cells of each

beaker were connected in parallel, it was observed that the

voltage remained constant even if there were two or three

electrochemical cells (Fig. 6). 

Daniel Electrochemical Cells in Series and Parallel

The complete cells consisted of copper and zinc elec-

trodes partially immersed in copper sulfate solution and

zinc sulfate solution, respectively. And, two half cells were

connected with salt bridge. The spontaneous flow of elec-

trons from Zn electrode to Cu electrode generates a current



Journal of the Korean Chemical Society

224 Jihyun Yoon, Ji-Hye Cheon, and Seong-Joo Kang

with a voltage near the theoretical value for these couples

(1.10 V).

Oxidation: Zn → Zn2+ + 2e-

Reduction: Cu2+ + 2e- → Cu

When Daniel electrochemical cells were connected in

series, the total voltage was the sum of the voltage of the

respective cell, or when Daniel electrochemical cells were

connected in parallel, the total voltage was equal to one volt-

age. When the electrochemical cells of each beaker were

connected in series and the voltage was measured, it was

observed that the voltage increased by two, and three,

respectively. However, when electrochemical cells of each

beaker were connected in parallel, it was observed that the

voltage remained constant even if there were two or three

electrochemical cells (Fig. 7). 

Therefore, the developed Arduino-electrochemical cells

were found to be capable of accurate and fast data collection.

In addition, it was possible to visually confirm the changes

in voltage when the electrochemical cells were connected

in series and parallel. And it was also confirmed that the

Arduino-electrochemical cells could be easily coded and

deformed.

Students’ Application Activity

After the students completed the main activity of mak-

ing their own electrochemical cells in series and parallel

connections and measuring voltage, the students were try-

ing to operate actuators such as ‘fan motor’, ‘piezo buzzer’,

and ‘RGB LED’ by using the voltage difference of the

electrochemical cells as the application activity. In this

activity, the students expressed in coding the voltage dif-

ference obtained from the Arduino-electrochemical cells

to control the operation of the actuators. The following is

an example of students' application activities. Meanwhile,

among the inquiry activities, the students' results on the

main activities of making Arduino-electrochemical cells

and measuring voltage values were presented in the Sup-

plementary Information materials.

Fan Motor Operation Using the Voltage Difference of

the Electrochemical Cells

Group 1 students operated the fan motor using the volt-

age difference of the electrochemical cells. To do this, the

students constructed algorithms to rotate fans twice as fast

if input voltage was greater than 1.2V, to rotate fans by one

time if input voltage was greater than 0.6V and less than 1.2V,

and to stop rotating if input voltage was less than 0.6V.

(Theoretical values   were 1.4 and 0.7V, but 1.2 and 0.6V were

used for coding considering the experimental variation).

The code and electrical connections (Fig. 8) are as follows. 

if (vin > 1.2){

 analogWrite(INA, 250); 

 analogWrite(INB, 0);

 }

 else if (vin > 0.6) {

 analogWrite(INA, 125); 

 analogWrite(INB, 0);

 }

 else {

 analogWrite(INA, 0); 

 analogWrite(INB, 0); 

 }

Piezo Buzzer Operations Using the Voltage Difference

of the Electrochemical Cells

Group 2 students operated the Piezo buzzer using the

voltage difference of the electrochemical cells. In this stu-

dents' activity, the algorithm was configured by adjusting

the pitch of the sound from the piezo buzzer based on the

voltage difference of the electrochemical cells. As an

example, students constructed algorithms to sound G(sol)

if input voltage was greater than 1.2V, to sound E(mi) if

input voltage was greater than 0.6V and less than 1.2V, and

to sound C(do) if input voltage was less than 0.6V. The

code and electrical connections (Fig. 9) are as follows. 

Figure 6. Measured voltages of series and parallel connection of
Galvanic electrochemical cells (Zn-Cu).

Figure 7. Measured voltages of series and parallel connection of
Daniel electrochemical cells (Zn-Cu).
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if (vin > 1.2){

 tone(piezo, 783);

 }

 else if (vin > 0.6) {

 tone(piezo, 659);

 }

 else{

 tone(piezo, 523);

 }

RGB LED Operation Using the Voltage Difference of

the Electrochemical Cells

Group 2 students also operated the RGB LED using the

voltage difference of the electrochemical cells. In this stu-

dent' activity, students set the voltage range to change the

color of the RGB-LED according to the voltage range of

the electrochemical cells. To do this, the students constructed

algorithms to turn yellow-cyan-magenda color on in order

if input voltage was greater than 1.2V, to turn red-green-blue

color on in order if input voltage was greater than 0.6V and

less than 1.2V, and to turn white on if input voltage was less

than 0.6V. The code and electrical connections (Fig. 10)

are as follows. 

if (vin > 1.2){

 analogWrite(R,255);

 analogWrite(G,255);

 analogWrite(B,0);

 delay(1000);

 analogWrite(R,0);

 analogWrite(G,255);

 analogWrite(B,255);

 delay(1000);

 analogWrite(R,255);

Figure 8. Student-made object: Arduino-electrochemical cells with fan motor.

Figure 9. Student-made object: Arduino-electrochemical cells with piezo buzzer.
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 analogWrite(G,0);

 analogWrite(B,255);

 delay(1000);

 }

As such, students made some objects that could operate

various actuators by coding the voltage differences of Ardu-

ino-electrochemical cells. Since series and parallel con-

nections of the electrochemical cells give a different voltage,

students could make objects for the operation of actuator

using the difference of the output voltage. Thus, these activ-

ities not only helped students learn chemistry concept, but

also provided them with the opportunity to test and apply

the chemistry concept creatively in practice. 

Students’ Response

As a result of the students' perception on the electro-

chemical cell experiment using Arduino and sensor, it could

be discerned that the experimental device can not only be

helpful in enhancing student knowing and applying of

scientific concepts, but also in naturally inducing com-

munication and problem-solving discussion among stu-

dents as a creative skill. The specific details of the results

are as follows.

Knowing the Scientific Concept

Students reported that the inquiry activity using Ardu-

ino-electrochemical cells helped them more effectively to

understand the concept of science compared to traditional

classes. In other words, the students mentioned that they

were able to study the scientific concept on the basis of

their understanding regarding the principles and phenom-

enon, rather than simply by memorizing them. As an exam-

ple, Student C stated, “I was able to realize the difference

between serial and parallel connection of electrochemical

cells through changes in the voltage graph, rather than by

having to simply memorize them.”

“During classroom time at school, we were told by teachers

to simply deal with the theories by memorizing them uncon-

ditionally. <omitted> However, I was able to understand the

difference between serial and parallel connection through

the changes in the voltage graph by personally conducting

experiments with Arduino. It was so much better to do the

experiment myself and then come to understand the graph,

rather than simply memorizing the concepts like we do in

the existing classroom style.” (Student C)

As to why the electrochemical cell experiment using

Arduino and sensor was helpful in understanding the scien-

tific concept above, students mentioned ‘immediate visu-

alization of results’, ‘numerous re-experimentations’, and

‘free correction and editing of the program source code’.

For example, Student A stated, “Unlike traditional exper-

iments, experiment using maker elements showed me an

error message when there was a problem with the exper-

iment itself, and through this, I was able to reconsider the

problems with the experiment and perform the experiment

again. This process helped to understand the experiment more

accurately, which in turn helped to understand the related

theory more accurately.” Student B also stated, “Arduino was

great to see the resultant values on the figures and graphs

immediately”, and “when the graph was not drawn properly,

I was able to solve the problem by re-executing the exper-

iment or modifying the variables.”

Figure 10. Student-made object: Arduino-electrochemical cells with RGB LED.
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“Traditional scientific experiments, to be honest, did not

show whether I was doing it properly or not. By the way, it

was good to see the figures and graphs immediately while

doing a maker-based activity, so I could see how it was

going on. If there’s a problem, it gives an error message. If

an error message appears, reflect it and perform the exper-

iment again. Those things made experiments more accurate,

and as a result, this helped me to understand the experiment

better so that I could understand the related theoretical

concepts correctly.” (Student A)

“Arduino was great because it displayed values and

graphs immediately by linking with a computer. <Omitted>

It was also great that I was able to solve the problem by

doing the experiment again or changing the variables when

the graph that resulted was not proper (thereby enabling

me to understand the concept).” (Student B)

Applying the Scientific Concept 

Students were found to have a new perception of the

existing science curriculum through this inquiry activities

using Arduino-electrochemical cells. The students thought

that science only uses what they learned in class to solve

test questions, but this inquiry activity made them feel that

science is closely related to their daily lives. In this regard,

Student H stated, “Through this inquiry activity, I realized

that science concepts could be applied to everyday life like

a battery.”

“First of all, I've always thought of science as something

to solve and memorize, but after doing maker-based scien-

tific inquiry, I think that science is really used in everyday

life like a battery.” (Student H)

Especially, the students thought that coding was recog-

nized only as being used to develop apps, games or robots.

However, after maker-based scientific inquiry activity, stu-

dents thought that coding was recognized as being able to

be applied to various fields to creating something, espe-

cially in integration among subjects. For example, Student

C stated, “I thought that through scientific experiment using

coding, coding could be linked to subjects such as math-

ematics and history, and it was fun to think about it.”

“I never thought coding was related to science. When I

saw the connection between science experiment and cod-

ing, I thought that I could also connect to subjects such as

mathematics and history. So, I thought it'd be fun to think

about it.” (Student C)

Inducing the Communication and Problem-Solving

Process as a Creative Skill 

Students indicated that the inquiry activity such as mak-

ing objects by using the electrochemical cell with Arduino

and sensor was helpful in the communication and problem-

solving process. In other words, the students commented that

it was possible to have more meaningful communication

and exchange of opinions during the making objects. For

example, Student B mentioned that there was almost no

discussion between classmates during performing exper-

iment according to the experimental procedures and meth-

ods presented in the textbook. However, when conducting

the application activity using Arduino and sensor, Student

B indicated that there were exchanges of questions and

answers between classmates in order to make objects.

Namely, the students commonly responded that they pon-

dered the principles of the scientific concepts, communi-

cated with each other, and were able to solve problems

through this making activity.

“There was almost no need to discuss things in the group

experiments we’ve done in the past. I would think, ‘Let’s do

it like this and as explained in the book.’ Then, it would be

fine to do the experiment on my own. On the other hand,

various opinions were exchanged in the case of Arduino

activity. In the case of Arduino, it provided me with an

opportunity to think about the issues more profoundly and

prudently.” (Student B) 

As to why the electrochemical device using Arduino and

sensor was helpful for communication and the problem-

solving process, visualization of scientific concept can be

considered as the reason. In other words, the electrochem-

ical device using Arduino and sensor is capable of fast col-

lection and analysis of data, and visualization of such data.

Moreover, the immediate feedback from this visual aspect

can be seen to have led students to discuss the experimental

contents and scientific concepts. In fact, Student A men-

tioned that the immediate and visual feedback provided by

the Arduino experimental device was helpful in inducing a

variety of questions and discussions among the students.

“However, because we do experiments through Arduino,

the mistakes or errors are displayed on the computer screen

immediately. I found it fun to solve such mistakes or errors

by putting our heads together. Questions such as why this

didn’t happen popped out immediately. Is it because we

did this? Well, let’s do it again in a different way. I would

then make the connection again and try the experiment
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again. In this manner, discussions proceeded very well because

we were able to see the results immediately.” (Student A)

It was also shown that the characteristics of the electro-

chemical device using Arduino and sensor, which was eas-

ily programmable and easily adaptable to each situation,

were helpful to students' problem-solving process. In other

words, it can be interpreted that the ease of programming

the Arduino experimental device and the flexible modifi-

cation of the experimental device suitable for the given sit-

uation assisted with the direct execution of problem solving.

In fact, it turned out that the students changed the exper-

imental device freely and modified the source code easily

in order to solve problematic situations during the exper-

iment. For example, Student E mentioned, “After having

confirmed that there was no electric current flow, I quickly

changed the experimental method" and "I was able to pro-

duce my own experimental device through modification of

the source code.”

“It was great that, doing the experiment through Arduino, I

was able to do the experiment again by quickly changing

the conditions of the experiment if the desired results were

not obtained. <omitted> There is no flow of current. As such,

I would make changes and diversely modify the source

code to develop my own experimental device suitable for

the purpose of the experiment.” (Student E)

CONCLUSION

In this study, an experimental device for the measure-

ment of voltage of electrochemical cells using Arduino and

sensors was developed, and the activities of measuring

voltage of electrochemical cells and making objects using

the voltage difference for students were conducted by using

the developed Arduino-electrochemical cells.

As a result, it was possible to confirm the effects such as

accurate and fast collection of data. The visualization of

data could also be obtained with this low-cost experimen-

tal device. Moreover, as a result of applying the Arduino-

electrochemical cells to students, the students measured

the voltage of Arduino-electrochemical cells successfully.

The students made their own objects based on how voltage

differences when electrochemical cells were connected in

series and parallel were expressed in coding. In other words,

the students understood the concepts of voltage differences

and successfully performed the activity of applying the

learned concept to a new problem situation immediately.

Therefore, in this study, it was confirmed that the exper-

iment on the electrochemical cells could be carried out

through the simple experiment device using the Arduino and

sensor without using the expensive MBL device. In partic-

ular, unlike MBL device, features such as ‘visualization of sci-

entific concepts’, ‘ease of coding’, and ‘easy modification

of the experimental device’ could provide opportunities for

students to make some objects using chemistry concepts.

In other words, the visualization and flexibility of the Arduino-

electrochemical cells allowed students to test their new

chemistry concepts and apply them to specific situations

through the making. As a result, students learned chemical

concepts, created something new using chemical concepts,

and acquired software skills, which could be seen as ‘learn-

ing by making’.

Making through Arduino and sensors in the science

inquiry activity is a powerful way to express students’ intel-

lectual abilities, and it makes student proud to create some-

thing by applying scientific concepts even if students can't

make perfect things. Thus, this is the context of the IKEA

effect,24 a phenomenon in which people give value to what

they have created themselves, and not to be more perfect

than the ones created by experts, but to give higher value to

what they make themselves. By doing this, it could be seen

that the making activity was likely to be a factor in positively

developing students' knowing, applying, and creating skills

in science education.

In conclusion, maker activity using Arduino and sensors

in chemistry education can create the specific environment

where students can make objects by using chemistry con-

cepts. It is expected that such an environment will eventually

induce students to experience the ‘learning by making’. This,

in turn, has the potential to help students increase their

problem-solving skills to apply the chemistry concepts they

have learned to certain situations and increase their interest

and curiosity in learning. Therefore, it is expected that the

maker education using Arduino and sensors in chemistry

education will help students develop their knowing, apply-

ing, and creating skills. 

Meanwhile, the study was conducted as a basic study to

explore the educational possibilities of ‘learning by making’

in terms of ‘understanding chemistry concepts’ and ‘problem

solving activities using chemistry concepts’ by developing

Arduino-electrochemical cells that could be used in chem-

istry classes. In addition, students who participated in this

study mentioned that they did not have special difficulties

in terms of coding or circuit connection, which are one of

the difficulties experienced by general students during maker

activities. In other words, they all had experience of receiv-

ing basic education on coding programs or Arduino circuit
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connections in junior high school and mentioned that they

were able to easily handle the Arduino-electrochemical cell

activity because it was developed at the basic level. How-

ever, since this study was conducted on only 8 students, it

is necessary to find out more specifically about the prob-

lems and difficulties of the Arduino-electrochemical cell

activity developed in this study through a large number of

diverse students. Therefore, in future studies, quantitative

and qualitative research on various students will be con-

ducted in more depth, so it is necessary to examine the edu-

cational effects of “learning by making” in more depth. 
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