’m Check for updates

Journal of KIIT. Vol. 22, No. 7, pp. 185-195, Jul. 31, 2024. pISSN 1598-8619, elSSN 2093-7571 185
http://dx.doi.org/10.14801/kiit.2024.22.7.185

ICT 714 A9 w5o] 25849 33t ofshzo] wlHE 4

E1E=
—

d
= * ]

y 1

Job
rlo

= ol 5}
THx O'FIL***

Impact of ICT-based Experimental Education on Elementary
School Students’ Science Understanding
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Abstract

Science is a subject that enables students to understand theories well through experimental activities. However,
students tend to separate experiments and theories in understanding complex concepts. This study developed a STEAM
program to assist students' understanding of science and investigated its effects. The program involved conducting
electrolysis of water for elementary students and monitoring the acidity changes of water using an Arduino pH sensor.
Additionally, an animation depicting the process of water electrolysis visually was developed by integrating Arduino
and Processing, and applied in the classroom. To understand the impact of this ICT integrated education on the
interest and understanding of experiments, a survey was conducted to collect students' opinions. The results confirmed

that the concentration on experiments improved and it was helpful in understanding scientific theories.
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STEAM, convergence education, arduino, processing, effects of integrative education
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Table 1. Reactions occurring at the positive (+) and
negative (-) electrodes

Distinction | Reduction electrode | Oxidation electrode
Reaction 2H,0(0) +2¢ — H,0(0)—2H " (aq)
equation | 20H (aq) + H,(g) T | +2¢ +%02(g) 1
Gas
H

oroduced ydrogen Oxygen
Acidity of Production of OH~ Production of H*
surrounding | results in a basic | results in an acidic
solutionn solution solution
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Table 2. Lesson design

Lesson topic: Electrolysis of water and animation
visualization using STEAM programs

Content \Activities and preparation materials
Pre-assessment
Pre-assessment - Providing students with

- Understanding of
scientific theories

questionnaires on scientific
theories and experiments

Results of the
assessment of
understanding of
scientific theories

~ Explanation of pre-assessment
results and confirmation of current
understanding

Lesson content

- Explanation of lesson objectives
(Electrolysis of water science
Introduction and goal | experiment, STEM, animation
setting visualization)

- Introduction to STEM and
STEAM concepts

Conducting the
electrolysis of water
experiment

- Students conducting the
electrolysis of water experiment

- Measuring the pH of water
Development and using an arduino pH sensor
introduction of - Demonstration of animation
animation visualization | using arduino and processing to

students
Ana|y3|$ and - Analyzing and discussing the
discussion of experimental results
experimental results
gpsgt(gfnn ;nd - Collecting students’ feedback on
S the application of animation
ie;}mgw:ggn visualization visualization in class

Analysis of the - Conducting a survey to analyze

effectiveness of STEM | the effectiveness of the STEM

programs and surveys | program among students
Evaluation and conclusion

Analysis based on - Analysis of class effectiveness
students’ opinions based on students’ opinions

- Checking the achievement of
class objectives

- Discussion on the future

Conclusion and future

pians utilization strategies of STEM and
STEAM programs
= A7) Zell APoA obFolxet dZH pH
54 AAME MBSt 29 Ax W3S AAZES
2 FAsoH, ZRAYS dFctd & AVIE
8 e AZHez dehle dyuods )
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Set port variable

Setup {

Set background size (2500, 1500)

Connect to port

}

void draw() {

Set background color

if (port value error check){
Retrieve port value

}

if (port value is >8) { //alkaline case
Set text size
text("Alkaline™);
text(port value);

}

else if (port value is between 6 and 0) { //acidic case
Set text size
text("Acidic");
text(port value);

}

else if (port value is between 8 and 6 inclusive) { //normal case
Set text size
text("Normal™);
text(port value);

}

J8 5 29 pH Tx[E Edlste 2=

Fig. 5. Code for expressing the pH value of water
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(a) Water pH measurement screen
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(b) Vinegar water pH measurement screen
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(c) Detergent water pH measurement screen
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Fig. 6. pH Measurement data monitor screen
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Set Oxygen class
Set Hydrogen class
Create variables and set initial values
Number of molecules = 200;
Number of molecules to change = 50;
Create Oxygen array = new Oxygens
Create left, right Hydrogen arrays = new Hydrogen;
void setup( {
Set background size (2500, 1500);
Connect to port;
For (each molecule number) {
Add oxygen object to Oxygen array
}
For (each molecule number) {
Add hydrogen object to left, right Hydrogen arrays
}
1

Set the number of water molecules to change based on pH value

In the case of neutrality
iff 8= x >=6)
{
Fill the Oxygen array with neutral oxygen objects
Fill the right, left Hydrogen arrays with neutral hydrogen objects
3

In the case of alkalinity
if (>8) {
For (the number of molecules to change) {
Fill the Oxygen array with oxygen objects and change color
Fill the left Hydrogen array with alkaline hydrogen objects and change color
Fill the right Hydrogen array with neutral hydrogen objects and change color
}
For (the number of molecules — the number of molecules to change)
{
Fill the Oxygen array with neutral oxygen objects
Fill the right, left Hydrogen arrays with neutral hydrogen objects
}
}

In the case of acidity
if (6>x>0) {
For (the number of molecules to change) {
Fill the Oxygen array with acidic oxygen objects and change color
Fill the left, right Hydrogen arrays with acidic hydrogen objects and change color
}
For (the number of molecules — the number of molecules to change)
{
Fill the Oxygen array with neutral oxygen objects
Fill the right, left Hydrogen arrays with neutral hydrogen objects
1
1

a8 7. ZZAHA ofu ol ZE
Fig. 7. Processing animation code
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Table 3. Pre and post lesson survey

Before the lesson
Number of
R ) Percentage
ey Survey questions Correct )
Answers °
(e e R A T 1. | know what substances water is mede of 14 241
&‘ ® .F“ < &, P 00 4,00 2. | know about the molecular structure of
o~ ®° o R e °2 10 172
o, % _° .‘ﬁ L %3 - g n,‘:l water
2 n o3 ol .n‘_‘!n:; - 3. | know what the acidity (pH) of water is 4 6.9
& ’:@._ = L . ., 8" 4. | know what types of gases are ; 01
<® pey e o> 8 : : oo produced by the electrolysis of water ’
o
e "o o £ "o & - 5.1 know the terms acidity and alkalinity,
. . . 15 259
(@) M 2 2x} 2d which describe the properties of substances
(a) Neutral water molecule model Alter the lesson
Understanding
Survey questions measure or | Percentage
v d oorrect (%)
respondents
1. The experiment using animation-based
exploratory devices and content helped 384 76.8
me understand the experiment content
2. The lesson using animation-based
exploratory devices and content helped 388 776
me better understand the properties of ’ ’
substances, including acidity and alkalinity
o = = 3. Write the types of gases produced by
o| AMMB} T T HXl ool
N (b) =2 MM3 nH3t § 2AF 2 the electrolysis of water Bpeople) | 483
(b) Acidification process of water and water molecule model 4 What is the property of the subsiance in
the test tube where hydrogen was
generated, answer in terms of acidity or 21(people) 362
alkalinity
5. What is the property of the substance in
the test tube where oxygen was generated, | 19(people) 328
answer in terms of acidity or alkalinity
¥4 7Y M3 4o o
Table 4. Pre and post lesson results comparison
© =9 ¥7|M3t nida 8 B4 22 pre-class | pre-class Post-class | - Post
L ' correct —class
(c) Alkalization process of water and water molecule model Survey questions| correct | percentage respondents. |percentagel
8 8 = A 23 ofHoolM respondents| (%) or measures (%)
Fig. 8. Water molecule pepresentation animation Understanding evaluation
Types (;’f gzses 7 (people) | 12.1(%) | 28(people) | 48.3(%)
F 32 BS A7) Efstd od 7A7 AAE DroLce
L) oF Je AL ol A Understanding of| 5 21(people), | 36:2(%)3
=4 golra, AHE 7|A7F B Ao ofH A acidity and (osopld 25.9(%) 19(peop|e), 2.8(°/)
38 FeA olEfe] 93 wkH BHE 2AE . L
- - ncrease in understanding of acids and bases
7] 93 9 AE2 AAG AE A Aotk Increase in -
- ! Measure of
HNE ZALE o ol & 23} -8
A2 ZAFE EUE oUdo)Ads &8st us undert:rrr]]dlr?tQIOf _ - understanaing | 76.8(%)
=77} Age] H3t A4 ol vAE gge | TR 384 lou of
EASIYTE & 4+ Y ASE AR A 29 v Increase in Measure of
Fo|t} understanding of - - understanding | 77.6(%)
) acids and bases 388 (out of 5)
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