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Development and Application of Programming Education Program
of Robot for Improvement of Elementary School Girls’ Creativity

Yongmin Kim - Taehun Kim -« Jonghoon Kim

Jeju National University

ABSTRACT

In general, female students are revealed through a number of studies so far by low interested in programming
education. In this study, we presented a robot programming education program in the process of programming
education for creativity kidney of elementary school girls. By analyzing the information gifted class 5, 6 grade
robot curriculum, and selected a topic, which was take advantage of the Arduino and EV3, it has developed a ro-
bot programming education program. The selected information gifted class 5, 6 grade girls for analyzing the edu-
cational effect of education program that has been developed as an experimental population was charged with the
developed program and analyzing the results of the pre- and post- test. The results of the analysis, education
program that was developed in this study it was found that help in creativity kidney of elementary school girls.
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2.3 EV3

Ha mRle~Em2 1980W =58 Hvt= LEGOIit
(The LEGO Group)9t W=7 MILT wtjofgie] A4
o] FEOE NI wHAT O YFOE nlojarYds
(microworlds)?] @S Z W E A (robotics)eF HEA 71
Aot} 71& B (brick)¥ ¢¢ke] 7HE & Aol
AEZ? H2¥(controller brick), & vlo]ZZFH
(micro computer)7} F7}5 o] L2 o] 7Hsa| A
= AoltHlll

AR MIEAES 2RE BEAY A5, 45 4
§ol @ AxRe WE] A% ey Ase n
Y(bricks)3} W, A, 7o), % Fo PEES £F
Fa sled FAFAA ol 4 AvlS g Y

£ 3, 58 0 4ol BHE 1x9 ug =

7ol BH13].

Y vlE2~ES Y RCXEHRH 240 NXTE
AR AN EV3AA elelAa gled EV3E A5 49l
oYy BYe FUOR RES ANE Aol

PAEANA AQetis e F40] mioln,
2.3.1 EV3 o &# o] M

& Aol ARgshaLA sk ZRE2 HAle wlal vp

QE2E EV3 ol iAol Mo solqEst ofna
RAER F450] 9ov) v §e melsto] 2} 5=
Fste] 4F 1AES FAssc,

<Table 1> EV3 Core Set configuration

(Fig. 1) EV3 Core Set

<Table 2> EV3 Expansion Set configuration

* Assembly parts : beam and the axis, etc.

* Diverse and, sufficient connection connector

* Various kinds of gears, the turntable

* Robot decoration special parts

* 850 or more parts

* Storage box and tidy

* EV3 controller

* Motor: two large servo motors, one medium servo
motor

* Sensor : 2 touch sensors, 1 color (light) sensor, 1 gyro
sensor, 1 ultrasonic sensor

* Rechargeable battery

* 540 pieces of parts

* Storage box and tidy

8a mk@

T nlﬂlﬂﬂl?ol‘lﬂl

(Fig. 2) EV3 Expansion Set
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2.4.1 O}F0| IDE & S4A HA|

ool AA UFo] obFolx HESL ofFo|l
IDE ¥F 79 242 FAHY. ol BHE= nlo]a
2AFH7 "#AE st=goolt). o}fFolx IDEE PC

W 253he mxEgojolt), offFolk IDEY] C/C++
2 EfjE 9E o}lFolx Hol& ~AA X (Sketch; 7ok
P 22adR)E 3 th, obFoli Rl YRESA
+s A1 21t} http://arduino.cc/en/Main/Software & =
THAAAERE AA Dds theReste] AAE 5

=P T e T

h
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S4A(Scratch for Arduino)= FFEH T2 S A
Ashe AFEEolU 2 - F - 1 FAEA 2R
g 7IHE 72X]7] 98] MIT(Massachusetts Institute
of Technology)oll A 7§38k A= # X (Scratch) 2= 2
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(Fig. 3) Software integrated development
environment(IDE) Sketch&S4A

2.4.2 OFF0| - Starter KIT

® QTN Agetng s obFolw JEE AF
obFolx J]E %5 The Arduino
Starter KIT #2A%olth, 74 ol A85E F88
ofgov, 1574 ZzAEs} F24
P

(Fig. 4) The Arduino Starter KIT(Made in
italy) & Arduino UNO Board

(Fig. 5) Added sensor module
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AEav, ool WHNES CIAES Feols

S 520008 Aol o5t e AeolE L
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3. 2% &8 2Oy us Z=JY Y

3.1 WL e

JERET A AR GASFAAN APste At w&TH
A& ‘Scratch, CHo}, ¥ (Arduino/Lego Mindstorms),
2utEZo| ZEAlo]A s e] 4} F o o]Fojx] gl
om B 34 ‘ZE(Arduino/Lego Mindstorms) 2
& Zaayy nSe Fad U ZzaPow

<Table 3> Education program of the design process

|Analysis of curriculum of information gifted class|

J

| Analysis of the level of learner |

J

| Robot project preceding implementation |

J

Robot educational content selection suitable
for learners

J

Configuration and operation of educational
program

J

Analysis of the results and complement the
education program

R
- 2
=2
)

AR, wg - 8heE St e
Bl ZYgdd FANEAE S FxA1717]1 fE o
WA F-8x 1 9= Isaksend Treffinger”} #| A g

AR
Bold AN w5 - HERGS

A skieal.

<Table 4> Teaching and learning model of creative problem
solving

Diffusion: find the opportunity of troubleshooting

Confusi . .
<.)n uston Convergence: Setting the broad and general goal
Discovery
to solve the problem
Diffusion: report in detail further study the problem
Material in a variety of perspectives

Discovery  Convergence: To determine the most important
data to solve the problem
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Diffusion: try indicate a problem in several ways

Issue .
X Convergence: Among those that have been shown,
Discovery oo .
select the specific things
Diffusion: think that the variety unusual
Idea . . .
X Convergence: Consider the most plausible are
Discovery .
interested
. Diffusion: To refine the creation alternative evaluation
Resolution . . .
compliance of ideas that are the most likely
draft . . .
. Convergence: Selected on the basis of potential
Discovery

ideas into compliance, promotion, I support

Diffusion: Refer to the only ones to support /
resistance When you run the idea, plan squeezed
for practice

Convergence: Specific practices planning squeeze

expropriation
draft
Discovery
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8 * Model signal
9-10 * LED Dice
11 * Parallel LCD display
— Analog

* buzzer played by PWM (pulse

input/output
12 input/outpu width modulation)

13 L. * Message offset to monitor
—_— Serial ; ; ;

14 .. * Timer using the monitor
———— communication -

15 * Multiplication table

16 Leverage * Humidity sensor

17 cooperation ~ * Flame sensor

18  sensor of real - Inclination sensor

19 life * Ultrasonic sensor

Bl h ..
20-21 uet(?ot . * Bluetooth communication
communication

22 . * To design my Arduino project
——5—  Creative ; -

23 . * To manufacture my Arduino project
_— artifacts - ;

24 * To announce my Arduino project

<Table 6> grade 6 of robot (Lego Mindstorms) education program

Hour Step Topic

1 Orientation * The robot ?

* Please see the parts that are connected

) EV3 Brick to the EV3 brick
shalet 3 & EV3 * Please see the About EV3 brick
mElA, o5 oA AL 9% 2¥ Fdg 4-5 motor * Robot Using a medium motor
2] oA Qx| Bk 29 = 9] 6 * Please see the About EV3 motor
TS B712 AL 4 Q= w4 - oty A 7 . El\izse to see1 used and the type of
3 sensor
dogo] Jorns ws ZRIPL 7|Ee] E=HIA * Creation of the robot arm H25 to
FHE sl AP HAES E3 7Rz 29k8 o 3.9 control the movement by using the
o e a1l _ - ’ color sensor and the touch sensor,
% 4 90 keyboard instrument(53Hd #4) 5 Behavior pattern is here
S0l M3l sy Ug F4HoE AAAEY 10 * Please to see used and the type of
<Table 5>, <Table 6>3 o] Shdd@ 7} 243}pA| 2 EVS sensor 2
e EV3 * Use a color sensor and a touch sensor,
T8kt 11-12 sensor to make a puppy to control the action
with advanced programming, Behavior
. ) pattern is here
<Table 5> grade 5 of robot (Arduino) education program -
g ( ) prog 13 * EV3 several sensors & motor connection
Hour Step Topic 14 * EV3 brick connected to the computer
1 Orientation ° The. Ar.duir.lo? * EV3 motor, @ gyro sensor, by using
* Basic circuit story, breadboard 15-16 an ultrasonic sensor deprives the
5 * The S4A? Digital output utilizing * balance of his own creation gyro boy
SAA LED to move, Behavior pattern is here
3 * Analog input utilizing the illuminance 17 * EV3 Brick interface
sensor 18-19 * Create car steer climber to climb the
4 * The Sketch? EV3 Brick stairs, Behavior pattern is here
5 Digital * Digital hourglass interface Elephant created for controlling the
6 . * keyboard instrument 920-91 operation by using the color sensor
input/output - 0 and the touch sensor, Behavior
7 * Digital door lock pattern is here
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22 ) * To design my Lego Mindstorms project
23 Cre.atlve * To manufacture my Lego Mindstorms project
——  artifacts
24 * To announce my Lego Mindstorms project
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<Table 7> Educational method
Classification Content

Lectures and training,

Educational method Task performance

.. . Weekly, 40 minutes 4 hours
Training time

= pinH 3 2014 A]Zate] 8o] ¥ 7] A7pA] Ho
AAE pinHEE 14 S/

unsigned long currentTime = mills();
if(currentTime - previousTimelinterval){
previousTime = currentTime;
digitalWrite(led, HIGH);

led++;

if(led ==7){

= 6000milliseconds(63)7F AUA led7} 344
o AR} v A pin &2 7H pingt AAH
led7}A] &o] Eolt}

<Table 9> Teaching and learning process

intensive training Time 2014, 09.13 Target Information égifted fifth
- . grade
Activities form Modzumu my cooperation Theme | Digital input/output | _hour 5%
Arf;:llgy Digital hourglass r;ﬁz q 40 minutes
s 3l A A = AN s o
oerd J’]’ °© 24X} ] e 5/24X} ] Dlgltal hourglass ’] Learning | Can be made by examining the operating principle of the
ngzZ2 g g Adyrd osa g goal Digital hourglass.
STEAM S T E A M
LIS O O @) @)

(Fig 5) Digital hourglass

<Table 8> Sketch file (Digital hourglass)

unsigned long previousTime = 0;
int switchState = 0;

int prevSwitchState = 0;

int led = 2;

long interval = 6000;

= 6000°] 2= Ao ©@9l+= milliseconds
wEhA] 2eel2 kst 671 Hoh

forint x = 2; [ x [ & x++){
pinMode(x, OUTPUT);

}

pinMode(switchPin, INPUT);

Teaching | Signal behavior video, fritzing, Circuit diagram program,

material UNO board, Resistance, LED, Switch

Learning X . o mi- {STEAM
—— Teaching and learning activities nutesi (©)
X » To light and related electronic products,

Discover

and what will?
the » How can be divided if the published 2 oT

confusion . e s
content to increase classification?
» Whether the signal is, would be what
principle ?
Problem i » Such electronic products, what must have

finding what function?
» Let’s consider the matters to be taken into
account when creating electronic products.

» What are the electronic products that you
want to create in conjunction with the
light? 2

» Let’'s make a signal to think the operating
principle of the signal.

Material
discovery

» What are the components necessary to (@S]
operate the Digital hourglass?
-Switch, LED, resistance, etc.

» When you create a sketch program, OM
command that becomes the core, let's
examine whether looks like.

ideas -interval: LED is flashing interval changes

depending on the size of the interval
—currentTime - to previousTime calculation

» Leveraging the fritzing program, let’s OE
create a circuit diagram.
~Turn on the frtzing Transfer the

Discover

28
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breadboard plate to.
~to place a breadboard and Arduino UNO
board.

—place the LED and resistor to breadboard.
-connect the wires to connect the
breadboard and Arduino UNO board.
-verify that the configuration of the

circuit diagram is well.

» Circuit diagram, let's produce a Digital oT
hourglass while watching the figure.
-Considering the operating principle, to

Digital hourglass production.

~While looking at the circuit diagram and
the resistance wire, and is fabricated by
grasping the LED connection relationships

» Let actuates the finished Digital hourglass.

Discovery : »Let announced the problems that occurred
and the while coding. 3
suggested i » Digital hourglass is Let’s find everyone
solutions that it is anywhere in the problem if it
does not work properly.
» What are the problems that you encounter
while making the Digital hourglass?
Accommo- i » Talk that you knew
date the i » Please refer to the fact that it is possible 9
proposed to make the application to.
discovery ~That it can be fabricated by applying the

Digital hourglass, let's examine what is
the thing.
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G A eFoll A Scratch, CA =
g3 stASo|m <Table 10> AA
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<Table 10> Subject of research

Grade 5 Grade 6 Total

Experimental 7 5 2
group(Female)

Comparison

group(Male) 8 ) 17
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Ao A] ket W TR aYe) Bxs 2y g
3 § X209 A7 9 AR B 2

&3l TTCT(Torrance Tests of Creative Thinking) 71
A B2 AYE 8389 o] AXe ‘a'™ A3
70, ‘ad @A), Fe T o HA - g F oA
Fo2 FAH Ak FoA 8 rE FF
A ERA A m] E=AA A TA A =7

3} oHlagee WK EARE AR 9ol
J AFAAE AAFGom B AT 4AE =

2] 8}8lo] <Table 11> A A8} T},

<Table 11> Experimental design

G X1
Ol 02
C X1
G: Experimental group C: Comparative group
Oy Pre-test O Post-test

X;: Input Robot programming education program

P ARE vl - EA5] k] WA F

o] AFEAEE o] F=A] ER1E vt T HE
| % Fa AAel i3 Shapiro-Wilks 4
T4 AA A= 27 <Table 12>, <Table 13>9} 2t}
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o,
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<Table 12> Normality test of the experimental group crea-
tivity tests

Subscales Descriptive Statistics(N=12) Sig. 5
M SD  Max Min

Fluency 1145 273 149 83 819 .015%
Originality  101.8  24.0 147 65 918 273
Titles 86.17 350 145 40 914 239
Elaboration  79.7  20.6 117 57 917 261
Closure 806 308 125 40 914 243
Average 926 187 133 63 942 518
Index 1003 232 153 66 937 460

*p<.05
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<Table 13> Normality test of the Comparison group creativity
tests

Descriptive Statistics(N=17)
Subscales . - stat p
M SD  Max Min

3o t&f 4= Mann-Whitney U7 A& A A|ato] H]w
SIS

WA Ay A F Fee] SRR GAS Belsr] 28
AHAAA AZE o3l 1 A= <Table 14>9}
<Table 15>l A|A]3}9] T}

<Table 14> Analysis of pre—test results of creativity test(in—
dependent samples T-test)

Subscales  Group N M SD t D
S N M L AP
e
o By

<Table 15> Analysis of pre-test results of creativity
test(Mann-Whitney U-test)

Fluency 1166 218 149 68 962 .664

Subscales Group N M SD ranking U p

Originality 1156 216 150 69 979 947
Titles w6 322 124 40 857 .014x

F 12 11450 27341 1413
Fluency — 91.500 .647
M 17 11659 21818 1562

Elaboration 667 9.3 85 57 848  .010%

Closure 628 227 107 40 865 .019%
Average 877 104 107 73 934 258
Index 935 111 117 78 951 471

*p<.05
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A - wageel A A, AFAA A3E H)
Wyl s T AR B A4S dug 534
el B, R Al et SHEE t 4
4,7 A9 F s 4HYe wE 29 3
A AR 24, AR, AR 22 B A

F 12 8617 34977 1617
Titl 000
itles M 17 7650 223 1a1s 00

w
oy
D

. F 12 7967 20588 17.88
Elaboration 67.500 .128
M 17 6671 9333 1297

F 12 8058 30812 1804
I 500 1
Closure - — 07" mm 260 1285 00 107

AR A3k ee] BAPER Aoz vehbi,
4% AA F AFAN Av BAATE <Table

<Table 16> Analysis of post-test results of creativity test(in-
dependent samples T-test)

Subscales  Group N M SD t Js)
F 12 12467 17.870
iginali 1.059 299
Originality —0—7"11715 19366 ®
F 12 94.75 11.331
Average 2764 .010=
M 17 82.06 12.725
F 12 102.00 13.922
Ind 27781 .010%
naex M 17 8700 14565
#*p<.05
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<Table 17> Analysis of post-test results of creativity
test(Mann-Whitney U-test)
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<Table 19> Analysis of the experimental group pre- and
post-test results(Wilcoxon’s signed rank test)

Subscales Group N M SD  ranking U P Subscales Period M SD 7 I9)
F 12 13425 20191 16.75 P 114500 27.341
Fluency — 81.000 370 Fluenc e : : 9547 0l1*
M 17 12447 24215 1376 Y host  134Z0 20191
it F 12 8125 26123 1967 .00 o —
tHes M 17 5482 24460 1171 o
o F 12 6858 10509 19.42 i i i
Blaboration —-——=— e oo 49.000 018 AFRG] AbA - AFEAA AFE vm 2AE A
F 12 6467 19810 1804 I FAAA, HAAA A FAAFLE fFon|gt 5ol
Closure — — 65.500 .107
M 17 5200 19577 1285 9= Aoz et
#p<.05

ol AA Aske BAY A3 AR 24, A
N I LS

FeLA

2 A% W A, AFAA AshE Hast] Sls) A
AAAE AT ATHY A A% ARG o T
el aaEe s HIER ¢ 44, ATFRES o
A gt A9WRe FRYR vagas A=
FR, AR, Y gg Aol oA

Wilcoxon &
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18>3} <Table 19> AA|s}A T},
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<Table 18> Analysis of the experimental group pre- and
post-test results(Paired sample T-test)

Subscales  Period M SD t Js)

origiagry P 10183 2080
rigimall —o.! J
S Tpost 124667 17.870

p 86.1 3.
Titles re 86167 I o4 618
Post 81250 26123

Eiaborat Pe 87T 2058 o
aoration T 68583 10509 '

Pre 80583 30812
Jos 2141 055
Closure - = 64667 19810 055

R e 0258 BB
verage —. A
ae Post 94750 11331

Pre 100250 23227
I 346 73
ndex Post 102000 13922 6 16

#p<.05

M

AIE <Table 20>, <Table 21> AA3}I4th.

<Table 20> Analysis of the Comparison group pre- and
post-test results(Paired sample T-test)

Subscales  Period M SD t p

Pre 116.588 21.818 ~
Fluency -1.530 .146
Post  124.471 24.216

Pre 115.588 21.640
iginali -2 78
Orginality = ™ 117077 19346 T

Pre 87.706 10.391
Average — 1.739 101
Post 82.059 12.725

Pre 93.471 11.147
Ind 1943 070
ndex Post  87.000 14565

#p<.05

<Table 21> Analysis of the Comparison group pre- and
post-test results(Wilcoxon’s signed rank test)

Subscales  Period M SD Z D

- Pre 76588 384 .o oo
Hes Post 54824 24460 el

Eaborat Pre 66706 933 .
aboration T 61647 7262 : '

g Pre 2824 268 o
OSUE T Thost 52000 19577 e

#p<.05
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