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Development and Application of Artificial Intelligence Science
Convergence Education Program for Middle School Students:
Focusing on Conceptual Change in Sound through Voice Classification
Learning and Perception Change of Artificial Intelligence
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ABSTRACT

It is pointed out throughout society that education should also change by reflecting social changes to the future intelligent
information society due to the development of artificial intelligence. Accordingly, research on educational programs that
combine science and artificial intelligence has been steadily emerging recently. However, there is insufficient research
to analyze the effectiveness of applying the developed convergence education program and transforming students’ mis-
conceptions into scientific concepts, simply remaining in the development of educational programs that combine science
and artificial intelligence. After developing and applying an educational program that combines science and artificial in-
telligence, focusing on the concept of “sound” in science subjects and “voice classification learning® in artificial in-
telligence, this study analyzed the effect of changing the scientific concept of “sound” and the perception of artificial
intelligence of middle school students. As a result of the analysis, it was found that in all items related to sound concept,
student misconceptions had a significant effect on changing into scientific concepts. In addition, it was found that there
was a significant improvement in the change in students’ positive perception of artificial intelligence. Therefore, the arti-
ficial intelligence science convergence education program developed in this study can be used as basic data to change
the perception of artificial intelligence while being effective in changing the concept of science.

Keywords: Artificial Intelligence Science Convergence Education Program, scientific concept change, machine learning,
supervised learning, speech classification learning, scientific misconceptions
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Table 2. Misconceptions in Science, Previous Research on Conceptual Change in Science

teaching method

(Kinetic Energy)

- Conservation of

Mechanical Energy

Teaching and (Sscclizrrllccz AC{)eri Elements of Tareet Effectiveness of Teaching Methods on the
Learning Methods Science Content 8 Change of Students’ Science Concepts
Concepts)
- Gravitational Potential In science classes by level applying peer
: : Energy _ . teaching methods, there was an effective
Collaborative Force and Motion - Kinetic Energy 8th-grade middle effect on the change of scientific concepts

school student

and learning motivation in the field of exercise
and energy [171.

Physical
computing-based
scientific
problem-solving
activities

Force and Motion
(Spacetime and
Motion)

- Free Fall Motion
- Projectile Motion

High school student

In the process of solving scientific problems
based on physical computing, the physical

misconceptions of high school students were
effective in changing into scientific concepts
and improving computing thinking skills [18].

Conceptual change

Changes in Matter

- Physical Change

Middle school

As a result of investigating the preconceptions
of second-year middle school students about
the concept of chemical change and

learning (Chemical Reactions)| - Chemical Change student presenting cognitive conflict situations, it was
effective in changing to a scientific concept
[191.
As a result of applying the class model for
Continuity of Life. . changing the concept of evolution in the
Conceigtud change (Evolution and - Mutation Md;dtlg d:;}twd middle school science class, it was effective in
armmng Diversity) changing the wrong concept of the student
into a scientific concept [201.
Structure and - Structure and Function As a result of multidimensional analysis of the
Model-based Enerey in Biolo of Digestive, change in the concept of blood circulation
instruction (Stguy cture an dgy Circulatory, High school student |through model-based instruction, it was
Functi . Respiratory, and effective in correcting the misconceptions of
ction of Animals)
Excretory Systems students [21].
- Continental Drift and As a result of the inquiry problem-solving
Inquiry-based Solid Farth Plate Tectonics 2nd-year class using conceptual sketches, the student
problem-solving (Plate Tectonics) | - Geological Eras and (sophomore) high |concept of plate structure theory was changed|
lessons Distribution of school student |to a scientific concept and had a positive
Continents influence on science-related attitudes [22].
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-Create a sound analysis program using the entry
program’s artificial intelligence model learning (voice
classification) function

£ olsfigto A 4l E;yol, &2 A7), 4EY _ ‘
oo 3 oS It Yo WEAZ 5= Q) 7 |-Sound Analysis Program Presentation Event
2 Zolth yH, dEZGzZZ2 I AFAs =d & 8 -Share your thoughts and thoughts using the collaboration
FH(eA BF) 7152 olgste] 155 ° 9ol platform Padlet
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Table 3. Contents of the program by class St HHIE FF S SUskAl |md SAISEA
ZEZL Ggqe v} o]E WASIEE 3t}
No Curriculum Achievement Standards _::g Oea]é_ E:H = HOJI 017]4-&] 1 0}3]- ozl }1’:}4
SASL o] BEL E3 oA 9k )7} o
[9th |The types of waves can be divided into horizontal waves =o).0 . Eo _o ;i ‘fz =
lesson | and longitudinal waves, and the characteristics of sound sd<= AIsE Sl gRlsty 4 359 T,
06-04]|can be explained by amplitude, frequency, and waveform. AZolgl= 3} Add tiskd AH28A o)a)E 4
Time Contents ok
-Understanding Artificial Intelligence, Machine Learning,
and Supervised Learning
1 -Drawing Circles and Ellipses Using Entry Program
-Observing Wave Changes Based on Frequency and
Amplitude Using Entry Program
-Understanding Sound Waves (Sound)
-Understanding Physical Computing :
2 |-Drawing Sound Waves Using a Sound Sensor pEEen gy ra £ilv7
-Understanding the Three Elements of Sound st (O ) Sl | 7
-Machine Learning: Understanding Supervised Learning e
an% Data e Three B ¢ Sound throueh Figure 1. Code to Draw a Waveform with an Entry
3-4 —gn erstanding the Three Elements of Sound throug Program.(Provide the wave equation for sound and let
ata Collection and Supervised Learning-Classification . .
~Creating a Sound Analysis Program Using Entry Al students do their own block coding)
Learning-Classification Feature - Practical Exercise
5~6 |-Designing a Sound Analysis Program Useful in Real Life
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Figure 2. Example of a wave using an entry program.
(Waveform with amplitude 50 and frequency 1)
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Figure 3. Example of a wave using an entry program.
(Waveform with amplitude 50 and frequency 2)
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Figure 4. Example of a wave using an entry program.
(Waveform with amplitude 100 and frequency 1)
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Figure 5. Code to draw a sound waveform using a sound

sensor.(Blockcode the sound that the students input to the

sound sensor so that it can be output as a waveform from
the entry program.)

Figure 6. Result of drawing a sound waveform using the
sound sensor.(Students can use the sound sensor to
observe the waveform of their typed voice as it
transforms into a waveform.)
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Figure 7. Al model training function for entry programs
Category:Voice.(It provides a variety of features for
training an Al model for an entry program. Among them,
it is recommended to utilize the speech classification
feature.)
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Figure 8. Learn a program to analyze piano pitch.(Train

the data of 7 pitches from degrees to hours and output the

result to see if it can classify the pitch of the sound when
a single pitch is input.)
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Figure 9. Piano pitch analysis program.(Upload a sound file
or input a sound using a microphone and the program will
determine the pitch of the sound.)
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Figure 10. Learning a program to analyze the timbre of
musical instruments.(t learns the sounds of three
instruments: piano, drums, and guitar, and outputs a result
that categorizes the sound of an instrument by inputting
a single sound.)
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Figure 11. Programs for analyzing the timbre of
instrumental sounds.(Uploading the sound file of the
instrument classifies the sound of the program.)
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Figure 12. Cat and Dog Sound Analysis Program. (This is
an example of a sound analysis program created by
students using the Entry program.)

Figure 13. A program to analyze voice by gender.
(This is an example of a sound analysis program created
by students using the Entry program.)

W IR

TAA SolE BERR AGe Z2aue F
o 2 S eolA AP RAA T B A%
@ ael B4 Z2oge] Be4s 2o A
A 318} G AFAS B PAE el A ssi

H

A

o o

& s W) vpAuto 2 8apAld) A et ¢l
5 8% 2% 490l e 20 Aol 24
Apale] ol7ist the shEe] oS BRI i

al

-

[<)

Rl

y

4. A+

4.1 A7 i

£ A7= N F8a 38hd Sh(sHAY: 391, o3t
A:40%)& tiFe s A s 13hd <3H8h 759

‘W abE @b gu, ‘&Y 384 B
53k 15hd <R 5o ‘A &gy | ¢
97, 38hd <(FEH o] ARk & S
AL G R sh= Zo] MES JAFAT H
g nS =2 IS H 83l Hdsithal Bkt
BAFES tFE Al Uigk 71240 1]
& Aol ml§ BFIGTE ol5S o= A
o] ‘W mbEt gle] ‘&) JiEH IEA
T 9T Ad3AT #3 §F g Z=a9e
wste] AASIATE wS ZEaHe] a4d-e BAst
7] 980 SH@AAD BF Hodgk A & AR F
g Qlo] $Ee A T6H S do = T

oy e

£
ieA e OO e T T

E
%
tlo

4.2 A+ =

® zeade) EAAE A¥RY] 918 Table 49}
Lol T2 g A} Fo| Wk & WSS
Ak AR A B4 stk

Table 4. Research Procedures

Ol X1 o2

o3 4

01, O2: Pre- and post-tests for sound concepts
X1: Al Science Convergence Education Program
03, O4: Pre- and post-perception of artificial intelligence
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Table 5. Sound Wave Conceptual Change Checklist

Category Survey-question

(D In our daily lives, we can hear many sounds around|
us. Why do these sounds occur?

The
andtlon @ Why do we hear the sounds outside right now?
Trarsrisin Mark the best answer.

(@ How does the sound outside reach me?

(D Which statement is true about the pitch of the
sound?

(@ Which of the following is NOT an explanation for
the pitch of the sound?

Pitch of |(® Using a sound generator, you generate two sounds
sound that produce waveforms like (a) and (b) in the
diagram below. How would these two sounds sound?

@ A speaker is operating and producing a sound with
a constant frequency (10 Hz). What changes when
the volume of the speaker increases and when the
frequency increases?

(D Cheolsoo and Younghee are playing the same song
on the same piano. Chulsoo is pressing the keys
hard, and Younghee is pressing the keys softly.

Sound | Choose all that are correct to describe the sound of

intensity | the piano they are playing.

@ The speaker is working, producing a sound with a
constant frequency (10 Hz). What changes when

VA5 A3 §F w5 T2 A Y A SHERAG
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the volume of the speaker is increased and when
the frequency is increased?

(D The “do” note on a piano and the “do” note on a
violin sound different even though they are the
same note. What is the reason for this?

@ In a class on making simple musical instruments,
Cheolsoo and Younghee made a panpipe. A panpipe
is a musical instrument made up of several pipes of]|

Sound different lengths strung together. Their panpipes

Mappings| are the same size, thickness, and length, but they

are made of different materials: Chulsoo’s is made

of glass and Younghee’s is made of plastic. If

Chulsoo and Younghee blow on their panpipes and|

play the same song at the same intensity, can you

tell the difference between the sounds of their
instruments? Choose the correct explanation paired|
with whether you can tell them apart.
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Table 6. Changing Perceptions of Artificial Intelligence
Checklist

Category Survey-question

(D 1 think Al will change my life efficiently.

(@ The idea of Al making judgments about things
is not terrible.

The Social |@ I don’t think anything bad will happen to
Impact of humans even if Al develops into a living being
Artificial like humans.

Intelligence {@ As Al develops, humans will need stronger
means to control it.

® 1 don'’t think the development of Al will create
many ethical problems for society.

(D1 don’t feel very nervous standing in front of
an AL

@ 1 feel comfortable using Al in front of other
Interacting people.

with Al |® I don’t think I'll get nervous even if I talk to
artificial intelligence.

@ Even if you rely too much on Al nothing bad
will happen.

A 583 =84 274 23)
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(D1 feel comfortable talking to an AL (Post-test
Emotional  |@ If Al could have emotions like humans, T would Pre—test Post-test correct
Interaction be able to befriend it. Category i correct | &nswer rate)-
with Al [(3) T'm comfortable with an artificial intelligence answer rate | answer rate|  Cre-test
with emotions correctt :
|1 recognize how useful Al is. - - GIENVE Dra €
Charg(f:tirllstlcs @ 1 know where artificial intelligence works well. Sound Mappings % géo/" S;ij’ “113;’
@ 1 know how fast Al can handle things. 2 2 1%

Table 7. Cronbach’s alpha values of Changing Perceptions
for Artificial Intelligence Checklist

Category
Index | The Social | Interacting ﬁg ?ggt?;ll (haracteristics
Impact of Al| with Al with Al of Al
Gronbach
salpha 0.89 0.86 0.82 0.87
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Table 8. Pre-test and Post-test results for Sound concept ‘T 23 Hlo]&HY ‘T’ Lo e 290H=
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