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Abstract of Master’s Thesis of Academic Year 2021

SquishyBot: Digital Educational Toys Using Moving Clay

Category: Design

Summary

In recent years, digital educational toys that incorporate a variety of learning
activities have become popular. The purpose of these toys is to develop logical
thinking, to support prototyping thinking, and to learn about mechanisms by
controlling arbitrary movements. It is expected that these digital educational toys
and related robotics tools will be widely used in the educational field. However, the
digital educational toys and robot-making tools that are currently in widespread
use consist of blocks and parts made of plastic or other materials, which limits
the degree of freedom in customization. By using a flexible material instead of a
plastic casing, it is expected that children can learn through trial and error, which
is not possible with existing educational toys, by incorporating the trial and error
process unique to clay, by supporting their creativity to create independently, and
by encouraging intellectual curiosity through tactile interaction with the material.
Therefore, in this study, we propose a digital educational toy using moving clay.
Clay is a material that can be directly touched and expressed, and has a high
degree of freedom. The use of clay allows intuitive trial and error, and is expected
to encourage new prototyping thinking due to its operability that is different
from existing educational toys. In this paper, we discuss the design process, the

workshop for verification, and future prospects.
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#include <Servo.h>

Servo myservol;

// create servo object to control a servo

// twelve servo objects can be created on most boards
Servo myservo2;

// create servo object to control a servo

// twelve servo objects can be created on most boards
int posl = O;

// variable to store the servo position

int pos2 = 0;

// variable to store the servo position

void setup() {
myservol.attach(11);
myservo2.attach(9);
// attaches the servo on pin 9 to the servo object

}

void loop() {
for (posl = 0; posl <= 90; posl += 1) {
// goes from O degrees to 180 degrees
// in steps of 1 degree

myservol.write(posl);
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// tell servo to go to position in variable ’pos’
delay(15);

// waits 15ms for the servo to reach the position

}

for

(pos2 = 180; pos2 >= 0; pos2 -= 1) {

// goes from 180 degrees to 0 degrees

myservo2.write(pos2);

// tell servo to go to position in variable ’pos’
delay(15);

// waits 15ms for the servo to reach the position

A.2

BZOMNYATTHW OIS A

#include <Servo.h>

Servo
Servo
Servo
Servo
Servo

Servo

myservol; // create servo object to control a servo
myservo2;
myservo3;
myservo4;
myservob;

myservob;

// analog pin used to connect the potentiometer

int valil; // variable to read the value from the analog pin

int val2;

int val3;

int valé4;

int valb;

int valé6;

void setup() {
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}

A%

myservol.attach(3);

// attaches the servo on pin 3 to the servo object
myservo2.attach(5);
myservo3.attach(6);
myservod.attach(9) ;
myservo5.attach(10);
myservo6.attach(11);

oid loop() {

vall = analogRead(AQ);

// reads the value of the potentiometer (value between O and 1023)
vall = map(vall, 0, 1023, 0, 180);

// scale it to use it with the servo (value between O and 180)
myservol.write(vall);

// sets the servo position according to the scaled value

val2 = analogRead(Al);

// reads the value of the potentiometer (value between 0 and 1023)
val2 = map(val2, 0, 1023, 0, 180);

// scale it to use it with the servo (value between O and 180)
myservo2.write(val2);

// sets the servo position according to the scaled value

val3 = analogRead(A2);

// reads the value of the potentiometer (value between O and 1023)
val3 = map(val3, 0, 1023, 0, 180);

// scale it to use it with the servo (value between O and 180)
myservo3.write(val3);

// sets the servo position according to the scaled value

val4 = analogRead(A3);

// reads the value of the potentiometer (value between O and 1023)
val4d = map(val4d, 0, 1023, 0, 180);

// scale it to use it with the servo (value between O and 180)

myservod.write(val4) ;
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// sets the servo position according to the scaled value

val5 = analogRead(A4);

// reads the value of the potentiometer (value between 0 and 1023)
vals = map(val5, 0, 1023, 0, 180);

// scale it to use it with the servo (value between O and 180)
myservo5.write(valb);

// sets the servo position according to the scaled value

val6é = analogRead(A5);

// reads the value of the potentiometer (value between 0 and 1023)
valé = map(val6, 0, 1023, 0, 180);

// scale it to use it with the servo (value between O and 180)
myservo6.write(val6);

// sets the servo position according to the scaled value

delay(15);

// waits for the servo to get there

A.3 BRRTFHA Y TEREW-705A

#include <Servo.h>
#define recordTime 100
Servo myservo[6];
bool pushingSwitchl[6];
int recordingTime[6];
int recordingMaxtime[6];
int playingTime[6];
int recordServo[6] [recordTime];
// analog pin used to connect the potentiometer
int volume[6]; // variable to read the value from the analog pin
void setup() {
Serial.begin(9600) ;
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myservo[0] .attach(3); // attaches the servo on pin 3 to the servo object
myservo[1] .attach(5);
myservo[2] .attach(6) ;
myservo[3] .attach(9);
myservo [4] .attach(10);
myservo[5] .attach(11);
pinMode (0, INPUT);
pinMode (2, INPUT);
pinMode (4, INPUT);
pinMode (7, INPUT);
pinMode (8, INPUT);
pinMode (12, INPUT);

}

void loop() {
pushingSwitch[0] = digitalRead(0);
pushingSwitch[1] = digitalRead(2);
pushingSwitch[2] = digitalRead(4);
pushingSwitch[3] = digitalRead(7);
pushingSwitch[4] = digitalRead(8);
pushingSwitch[5] = digitalRead(12);

for (int i = 0; i < 6; i++) {
if (pushingSwitch[i] == true) {

if (recordingTime[i] == 0){

for(int v = 0;v<recordTime;v++) recordServol[i] [v] = O;
}
volume[i] = analogRead(i);
volume[i] = map(volume[i], 0, 1023, 0, 180);

myservo[i] .write(volume[i]);

recordingTime[i] ++;

if (recordingTime[i] > recordTime)recordingTime[i] = O;

recordingMaxtime[i] = recordingTimel[i];

if (recordingMaxtime[i] > recordTime) recordingMaxtime[i] = recordTime;

recordServo[i] [recordingTime[i]] = volumel[i];

} else {
recordingTime[i] = O;

playingTime[i] ++;
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if (playingTime[i] > recordingMaxtime[i])playingTime[i] = O;
myservo[i] .write(recordServo[i] [playingTime[i]]);

}
Serial.println(playingTime[3]);

delay(100); // waits for the servo to get there
+

B. 7—0Yay JTHEALEER

B.1 77 —h

(a) fE2E4E (b) FE2AE

B B1 V—2Yay TENMEMALETY 7 — b

B2 7—=7Y—Fk

57



55 B. V—2Yay 7CHALZER

(a) B4R (b) B4

K B2 V—2Yay TRIFEHALEZT V7 — b

/ X ;‘\ |

: AN

N

'] (,

I

T

S)
. s NG /
i ay I ;‘\
A 4

(a) ¥ v 527 &—filfr—2>—h (b) fea v

B3 V—2Yay STCHW-ZT7—27—hk

o8



55 B. V—2Yay 7CHALZER

D=0y —hrO®

e mETrIS— @ e mExvI5— @

19

oxze
IKhENEA
PHE<

.

(8) ¥ ¥ 52 X—HEBET— 2 v — b (b) &RV

B4 V=2 ay STHWEZSEY -7 — |

99



	序論
	デジタル知育玩具
	子供と粘土素材
	クレイアニメーション
	本研究の目的
	論文の構成

	関連研究
	様々なロボット
	空気を用いたソフトロボット
	空気や流体以外を用いたソフトロボット
	モジュール式ロボット
	様々な素材と掛け合わせたロボット

	クレイアニメーション
	クレイアニメーションを用いた幼児の映像視聴能力に関する研究
	クレイアニメーションを用いた新しい側面
	クレイアニメーションを用いた教育

	粘土素材と知育
	粘土素材と知育
	粘土素材を活かした研究

	デジタル知育玩具

	デザインプロセス
	リニアアクチュエータを用いた第一プロトタイプ
	使用粘土の選定
	リニアアクチュエータを用いたプロトタイプ

	サーボモータを用いた第二プロトタイプ
	サーボモータを用いたモジュールのデザイン
	コントローラーのデザイン
	操作方法
	第二プロトタイプを用いた展示

	動きの録画・再生を備えた最終デザイン:SquishyBot
	サイズ変更・種類の追加を行ったモジュールのデザイン
	コントローラーのデザイン
	SquishyBotの使用手順


	検証
	ワークショップ
	観察
	ワークシートおよびアンケート

	検証結果

	まとめ
	総括
	今後の展望

	謝辞
	参考文献
	付録
	使用したプログラム
	第一プロトタイプで用いたプログラム
	第二プロトタイプで用いたプログラム
	最終デザインで用いたプログラム

	ワークショップで使用した資料
	アンケート
	ワークシート



