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2, wAedrET o we A4%e 2=degudE, 2017). olH§ o=

13) dlolemtold (Data mining): Blolejdlo] WAl ofmgt WHEAt e, A 5ol
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When you upload your model, Teachable Machine hosts it at this link. (FAQ: Who can use my model?)
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@ %A 2. p5.js Web Editor &7]

Aole] bx] mAleyd mElo A p5.js Web Editor HE AO]EE &
gal= #Holot, [27 1313 Zo] ‘oA ARgS F= AN B2
o] ‘p5is’E AEsta I offle e ‘p5js Web Editor'e 25t
'p5.js' o] PAR|E=R olFste dgolth o] WA AR Al 'pS.js’o

YAolEME vt AAstolE Ryisiey,

[719 13] p5.js Web Editor2 o]5sl= 74 oA

2ELELI:

375 8
https://teachablemachine.withgoogle.com/models/eeBrtl546/ %M'E
When you upload your model, Teachable Machine hosts it at this link. (FAQ: Who can use my model?)

v 2242C DE0| 3¢ JE{RLIC,

DM ABE ZE AL,

Javascript p5.js Ny Github®] Z0f €)

Open up the code snippet below directly in the p5.js Web Editor.

20

<div>Teachable Machine Audio Model - p5.js and ml5,js</div>

<soript sre="https://cdnjs.cloudflare.com/ajax/1ibs/p5.]s/8.9.8/p5.min.js"></script>

<script sre="https://cdnjs.cloudflare.com/ajax/1ibs/p5.is/8.9.8/addons/pS . dom.min, js"></script>
<soript sre="https://unpkg.com/midélatest/dist/mld.min.js"></scripts

<script type="text/javascript’>

ariable to store

let classifier;

28) 3= AY=(Code Snippet) @ I 7}
2YIE AT 22 715S sto] AR E Ade EolErh

29) https://editor.p5js.org/
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27+ ifunction setup() { -
28 i createCanvas(320, 240);

29 // Start classifying

30 /7 The sound model will continuously listen to the microphone

3 classifier.classify(gotResult);

function draw() {
background(0);
/7 Draw the label in the canvas
£i11(255);
textSize(3
exCAlIgnCOENTER, CENTERD:
text(label, width / 2, height / 2);

// The model recognizing a sound will trigger this event
function gotResult(error, results) {
if Cerror
console.error(error);
return

7/ The results are in an array ordered by confidence.
// console.log(results[01);
label = results[0].label;

S MsIRLTM el
A H] > review
I 1
E [T — Mt
> o O Autorreiresty  SoundModel TH yrmis
1 // Copyright (c) 2019 ml5s
2 |42
3 |// This softwarc is rele c ier the MIT Lic
@ 4 | // https://opcnsource.org/licenses/MIT
5
6
]ﬂ_‘.‘_ 7 ample
C‘)J' 8 Webcam Image Classification using a pre-trained customized model
o and p5.3s
9 | This example uses p5 preload function to create the classifier
10 */
g9 11
—_— 12 | // Global variable to store the classifier
13 let classifierl;
14 let classifier2;
AFO 15 | // Label (start by showing listening)
16 |// let label “listening”
17
18 | // Teachable Machine model URL
19 1let soundModelURL =
"https://teachablemachine.withgoogle.com/models/cCisEWMxw/model . jso
v
20 let imageModelURL =
"https://teachablemachine.withgoogle.com/models/TCCINGtrd/model. jso
n';
21 /7 Video -
o clear ~
X 1.-_\301 Hg;q. <i‘1. > o o]-a]cq alg= 5=H H3 g2 35lo]sF A o)
30) e W L T = —11—13,—J—1_ 81E &° oH L —&= —-112 - oS

o}, https://gist.github.com/seunggyeong0721/ab8c0d76¢237679d5bc9da605ffb0051
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e FE (HAlEY 7Y F3 A o)

% Copyright (¢) 2019 ml5

// This software is released under the MIT Lice
nse.

// https://opensource.org/licenses/ MIT

/* e ——

ml5 Example

Webcam Image Classification using a pre—traine
d customized model and p5.js

This example uses p5 preload function to creat
e the *classiﬁer

// Global variable to store the classifier
let classifierl;

let classifier2;

// Label (start by showing listening)

// let label = "listening";

// Teachable Machine model URL:

let soundModelURL = 'wA|sk ApeE md 215
= Yo]54 2 /model.json';

let imageModelURL = "wA|gh oju|z] el &5
= Uo]5A 2 /model.json';

// Video

let video;

let flippedVideo;

let labell = "

let label2 = "

// To store the classification

function greload() {

// Load the model
RLC)I;}SSifierl = ml5.soundClassifier(soundModelU
clzjlssifierZ = ml5.imageClassifier(imageModelU

RL);

function setup() {

// createCanvas(320, 240);

// Start classifying

// The sound model will continuously listen t
o the microphone

createCanvas(320, 260);

// Create the video

video = createCapture(VIDEO);

video.size(320, 24%):

video.hide();

flippedVideo = ml5.flipimage(video)
//" Start classifying
classifyVideo();

// Start classifying

// The sound model will continuously listen t
o the microphone
| classifySound()

function draw() {
background(0);
image(flippedVideo, 0, 0);
/ Draw the label in the canvas
if (labell == label2){

2 console.log(42], 52 ¢A] @ ', labell, label

// Draw the label

fill(255);

textSize(16);

textAlign(CENTER);

text(22], =& AXx] ' + labell + /' + lab
612}, width / 2, height — 4);

}

// Get a prediction for the current video frame

function classifyVideo() {
flippedVideo = ml5.fliplmage(video)
classifier2.classify(flippedVideo, gotResult2);

function classifySound() {
classifierl.classify(gotResult1);

// The model recognizing a image will trigger t
his event
function gotResult2(error, results) {
if (error) {
console.error(error);
return;

// The results are in an array ordered by co
nfidence.

// console.log(results[0]);

labell = results[0].label;

console.log('video', labell)

classifyVideo(;

// The model recognizing a sound will trigger t
his event
function gotResult1(error, results) {
if (error) {
console.error(error);
return,

// The results are in an array ordered by co
nfidence.

// console.log(results[0]);

label2 = results[0].label;

console.log('sound’, label2)

//classifySound ()

_42_
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17

18 // Teachable Machine model URL:

19 leﬁ.i ..................................................
"hitps://teachablemachine. withgoogle. com/models/cC1sEWMxw/model. jso!

N
20 1e{ ”_imageModelURL =
‘"https: //teachablemachine.withgoogle. com/models/T CCTNS’[Fd?ﬁ}b'dél'.'jéb’i

21 // Video
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Teachable Machine

This is a demonstration of image classification using a model trained with Google's
Teachable Machine project. If you cover the camera, this model will classify the image as
"nighttime," otherwise will classify anything else as “daytime.”

withgoogle. com/models/eeBrtU546/model. jso

ne.withgoogle.com/models/92AXe-

Console
® » TypeError: c.model.predict is not a function
- Qx| . o

© » TypeError: c.model.predict is not a function
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A4 728 &5 79 BE
m Filew Editw Sketchw Helpvw
° B O TS [EEEModel ™M by mis
D sketchjs® Preview
et TRERpprEeY Auew biass ik B T oot~ Tl ot 2ot -
70 classifier2.classify(flippedVideo, gotResult2);
73 .
7 Teachable Machine
737 function classifySound() {
;g classifier].classify(gotResultl); This is a demonstration of image classification using a
76 // The model recognizing a image will trigger this event Teachable"Machf.ne Rro}ect. If»you cover the camer d
777 function gotResult2(error, results) { image as "nighttime," otherwise will classify anything
?—_.] 787 if (error) {
79 console.error(error);
i] g? return;
82 // The results are in an array ordered by confidence.
83 // console.log(results[0]);
84 labell = results[0].label;
85 console.log('video', labell)
86  classifyVideo();
87 }
88 v
Corsole Clear V¥
acl, &5 24l = LE =
video T
»el, s& 9il T &
video T
E Filew Edity Sketchw Helpw
° H O [EEEEModel TM by mis
> sketchjs® Preview
ve L e, -
70 classifier2.classify(flippedVideo, gotResult2);
71} s
" Teachable Machine
737 function classifySound() {
74 classifier].classify(gotResultl); This is a demonstration of image classification u
75 - . . . . Teachable Machine project. If you cover the carr
76 // The model recognizing a image will trigger this event ) i g i e . )
% 777 function gotResult2(error, results) { image as "nighttime,” otherwise will classify any
78 if Cerror) { o
Oé 79 console.error(error);
80 return;
i] 81
82 // The results are in an array ordered by confidence.
83 // console.log(results[0]);
84 labell = results[0].1label;
85 console. log('video', labell)
86 classifyVideo();
87 }
88 -
Console Clear V
sound ‘& )
video £
sound T
=

video
>
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Il

° | O Auto-refresh  ImageModel_TM by miS

sketch.js® Preview
82 7/ The results are in an array ordered by confidence. =
83 // console.log(results[01); -
84 labell = results[o].label; Teachable Machine
85 console.log('video', labell)
gg 3 elassifyVidea()s This is a demonstration of image classification
88 Teachable Machine project. If you cover the cai
89 // The model recognizing a sound will trigger this event image as "nighttime,” otherwise will classify an
907 function gotResultl(error, results) {
o] 91 if (error) { - mEDVi
= 92 console.error(error);
_ 93 return;
Z] 94
95 // The results are in an array ordered by confidence.
96 // console.log(results[0]);
97 label2 = results[0].label;
98 console.log('sound', label2)
99 //classifySound()
100 } -
Console Clear Vv
video = e
@ 2o, smeox . &= =

>

video =
22|, S= 2x : = =

File w Editwv Sketchw Helpw

° || O Auto-refresh ImageModel_TM by mli5
>

sketchjs® Preview

82 7/ The results are in an array ordered by confidence. “

83 // console.log(results[@1); .

84 labell = results[0]. labei; Teachable Machine

85 console.log('video', labell)

23 1 classIfiVides; This is a demonstration of image classification usi
£ 38 Teachable Machine project. If you cover the came
= 89 // The model recognizing a sound will trigger this event image as "nighttime," otherwise will classify anyth

907 function gotResultl(error, results) { _

ol 91 if Cerror) {

= 92 console.error(error);
_ 93 return;

Z] %4 3

95 // The results are in an array ordered by confidence.

96 // console.log(results[0]);

97 label2 = results[@].label;

98 console.log('sound', label2)

99 //classifySound()

100 % =
Console Clear WV

sound T N
video =

sound =

video =& =

3]
>

(E 15t ‘=82 85 7389 dAet BdA] BE5S RAEh s5A7t

Ao REE 2R AR wEl gt

2 5
2 SN he, BA 94 £/490°9 Bgg HolEt. ¥
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737 function classifySound(> {

le » Editv Sketch v Help v

= ) Auto-refresh  SoundModel_TM by mis

sketch js® Preview

74 classifierl.classify(gotResultl);
2

76 | // The model recognizing a image will trigger this event
{

Teachable Machine

This is a demonstration of sound classificatiol

777 function gotResult2(error, results
78 if Cerror) { project. If you clap, this model will classify th
79 consolec.error(crror); displays "listening.”)
80 return;
81
82 /7 The results arc in an array ordercd by confidence.
?_;- 83 // consolc.log(results(@1);
84 labell = results[@1.label;
85 console.log('video', labell)
= 86 classifyVideo();
X] 87 |3
88

89 |// The model
907 function gotResultlCerror,

recognizing a sound will trigger this event
results) {

91 if Cerror) {
92 consale.error(error);
93 return;
94 b g
a5 7/ The results are in an array ordered by confidence.
96 // console.log(results[@1);
97 label2 = results[@].label;
a8 console. log( ' sound’, label2) -
Consola Clear ~
el =2 =El 2 Ul i -
video O]
8 =z, == 23 ol ol
video O -
File v Editv Sketch v Help v
° | | [0 Auto-retresh SoundModel_TM by mis
1> skewcnss®  preview
72 b
737 function classifySound() { -
74 classifier].classify(gotResultl); Teachable Machine
75
76 // The model recognizing a image will trigger this event . N N .
77¥|function gotResult2(error, results) { This is a demonstration of sound classification
78 if Cerror) { project. If you clap, this model will classify the
79 console.error(error); displays i
80 return;
1=} 81 3
= 82 // The results are in an array ordered by confidence.
83 // console.log(results[01);
84 labell = results[@].label;
0] 85 console. log( ' video' , labell)
= 86 classifyVideo();
87 3
= 88
z] 89 // The modcl rccognizing a sound will trigger this cvent
907 function gotResulti(error, results) {
91 if Cerror) {
92 console.error(error);
93 return;
94 3
95 // The results are in an array ordered by confidence.
96 /7 console.log(results[0]);
97 labcl2 = resultsl[@1.labcl;
98 console. log('sound', label2) =
o cea__ 12 21 TN
consule Clear
sound & £2 o

video U]

sound =

video

ml -
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E= 1) 3¢ 2
// Copyright (c) 2019 ml5
//
// This software is released under the MIT License.
// https://opensource.org/licenses/ MIT

/* i ——

ml5 Example

Webcam Image Classification using a pre—trained customized model and
p3.js

This example uses p5 preload function to create the classifier

—== */

// Global variable to store the classifier
let classifierl;

let classifier2;

// Label (start by showing listening)

// let label = "listening";

// Teachable Machine model URL:
let soundModelURL = 'WAHE AFE Hd HIFE go]FA| 2 /model.json

b

let imageModelURL = 'wA|& olu|z] 2d YJIE Yo]FA Q2 /model.json

// Video

let video;

let flippedVideo:
let labell = "
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let label2 = ™;

// To store the classification

function preload() {
// Load the model
classifierl = ml5.soundClassifier(soundModelURL);
classifier2 = ml5.imageClassifier(imageModelURL);

}

function setup( {
// createCanvas(320, 240);
// Start classifying
// The sound model will continuously listen to the microphone
createCanvas(320, 260);
// Create the video
video = createCapture(VIDEO);
video.size(320, 240);
video.hide();

flippedVideo = ml5.flipImage(video)
// Start classifying
classifyVideo(Q:;

// Start classifying
// The sound model will continuously listen to the microphone

classifySound()

function draw() {
background(0):
image(flippedVideo, 0, 0);
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// Draw the label in the canvas
if (labell == label2){
console.log(42], &2F dx] : ' labell, label2)
// Draw the label
fill(255);
textSize(16);
textAlign(CENTER);
text(42], B2 €X%] ' + labell + /' + label2, width / 2, height -
4);

// Get a prediction for the current video frame
function classifyVideo() {
flippedVideo = ml5.flipImage(video)
classifier2.classify(flippedVideo, gotResult2);

}

function classifySound() {
classifierl.classify(gotResult1);
}
// The model recognizing a image will trigger this event
function gotResult2(error, results) {
if (error) {
console.error(error);
return;
}
// The results are in an array ordered by confidence.
// console.log(results[0]);
labell = results[0].label;

console.log('video', labell)

_62_



classifyVideoOQ;
}

// The model recognizing a sound will trigger this event
function gotResultl(error, results) {
if (error) {
console.error(error);
return,
}
// The results are in an array ordered by confidence.
// console.log(results[0]);
label2 = results[0].label;
console.log('sound’, label2)

//classifySound()
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Abstract

Developing EduTech Model with

Machine Learning Tools

. Focusing on Solfege Pedagogical Approach

Seunggyeong Seo
Interdisciplinary Program of Music Education

The Graduate School

Seoul National University

This study aims to develop and propose an Education
Technology (EduTech) model to utilize educational technology
that incorporates new technology in the educational field. To
achieve its goal, in the technological aspect, this study used
machine learning tools to increase accessibility. In the aspect of
music, this study developed an EduTech model by applying the
Solfege pedagogy to develop basic music skills.

The research methods are as follows. First, the changing
educational environment and the role of instructors were
considered, along with the status and role of EduTech. The use
of machine learning to facilitate basic music learning between

instructors and learners was examined. Second, an EduTech model
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was designed to enable independent and creative learning with
interval learning through body expression’ and 'learning notation
and sight-reading' in the Solfege pedagogy, a systematic music
basic learning method. Finally, the necessary data was collected
and trained with a machine-learning tool, 'Solfege EduTech

Model' was developed which can classify newly input data.

Despite the limitation that it needed to improve the recognition
rate of program implementation due to a lack of data diversity
and technical problems, this study is still meaningful in suggesting
the use of EduTech with open source in music education and
developing it as a basic music learning model that can be used
independently and creatively. This attempt is expected to present
the possibility of introducing EduTech as customized learning in
music education and help to prepare the direction of future music

education.

Keyword : Education Technology (EduTech), Machine Learning,
Music Education Technology, Solfege, Basic Music Learning
Student Number : 2021-27013
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