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Design and Development of Robot Command Card for Coding Learning

Sun-Gwan Han*

Abstract

In this paper, we propose a design and development of instructional cards to understand the

grammar of coding, solving the problems and extending the computational thinking in the robot—driven

environment. First, we designed the input/output module of the robot to process the coding grammar

through the function analysis of the robot. And we designed the module of command card to learn

coding grammar using color sensors. We have proven the validity of the designed instruction card by

examining the experts to see if it is suitable for coding grammar learning. Designed robot and

command card were developed with 28 cards and sensor robot. After applying the developed robot

and command card to the elementary school students, the questionnaire showed that students grow

the understanding and confidence of coding. In addition, students showed an increased need for

programming learning.
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Table 1. Classification of Educational Robots[12]

Type Characteristic
Complet | Most of the robot structure is preconfigured. Especially
ion when the operation method can not be changed
It consists of completed module and small number of
Expanda ) )
ble parts, and if elements such as operating method are
packaged
Assembl | If the user can assemble with components and decide
ed how to operate
It is provided in the form of a board, and other elements
may be used in connection with other products, such as
Open )
an open structure (for example, Arduino, sensor board,
etc.)
Etc Other than the above-mentioned type

2ite] 8 i Sl el el A4 S
ol o] A7bs) ﬂw S Srlol A el 7h
1

& AA A 4 doka 1oyt
2. Robot in Software Education

W& Zho] WAl FgE AL vlg- o MFEE ol
259 I BEAS vigo R VA9 Y 29 Ela 7]

T WA A NdE §3shs STEAMuS 02744 A
N EHA TEshAl date] gtk AZEgojuso] o
2 e W 23] Ao 299 ¥4 AAlE Yoy
AFFE AbaLe] Ago g AT EJo] Q] BE Lo o] WS
WSS wSAEo] FF et lvH2,3,4,11,12]

o] & W RS dEste] AFE ALLE G
7] 9% WG RS Aol g 2RE o] 85}
Ao A EAlS A A, A s, A4 e 4
AR SEEE 59 @S FASITH2]. W. Allane 2
e 89 WS SEoA AFY AbLE A7) A
WG HES Abelgict. o] AerelA] 7} S5 WA= 8
HAFEo| Tt tufel et WAl E 3 V]S wEtal
71540 FAE B3l S SAARIh E=3 HFE Al
o} Ay A ZRAES Agshas F4stet 253k )
WE skyatns ashedeRs AT 13]. S st
SARYL vhd 295t v wEE 2R AT FA
g HT 2 Ak AXEY WSy AAste] 1 aid
Qe Waks BAskar Qu[15]

= Z—}%E}ﬂ XMEM <] OHH

3 ol 49 277} 5
T AZEgofage] wel W 58 2Re Aolae
AL B8 <Table 2>9F ZtH12].

Table 2. Classification of robots for SW education

Type Characteristic
Button When the user presses a physical device (such as a
button) attached to the robot to control the operation
When a robot moves by inserting various kinds of
Card cards for controlling the movement of the robot
into the robot
APDS Controlling the robot's movement with a
op controller—type app
Sensor When the robot's motion is controlled by using the
sensor attached to the robot
Block—based | When a robot's motion is coded with a block-based
EPL programming language (such as Scratch)
Text based | If you are coding a robot's movement with a text—based
EPL programming language (C, Python, etc.)
Etc Other than the above—mentioned classification
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[Il. Analysis and Design

1. Structure Design of Educational Robot
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Output

cPU Device

Fig. 1. Design Overview of Educational Robots
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2. Design of Robot Command Card
2.1 Design Overview
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2.2 Analysis of Coding Grammar
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Fig. 2. Screen of Scratch
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Table 3. Command Category of Scratch
o Selected
Catego Description
efomy 2 Command
i Moves sprites and changes angles and Moving
Motion change X and Y values Pause
Controls the visuals of the sprite; attach
Looks speech bubble, change of background, Light
enlarge or shrink, transparency, shade Line
Plays audio files and programmable
Sound sequences Sound
Draw on the portrait by controlling pen
Pen width and color. Allows for turtle Moving
graphics.
Data Variable and List usage and assignment Number(n)
Contains event handlers placed on the
Events top of each group of blocks Start-End
Conditional if-else statement, Loop
Control "forever", "repeat", and "stop" e
’ ’ Conditional
Sprites can interact with the
Sensing | surroundings the user has created Function
Mathematical operators, and-or
Operators statement that compares sprite _
positions
Custom procedures (blocks) and .
More Blocks| external devices control Function

2.3 Design of Command Cards

BR7t=e] e BE 24 AdAs dEFo)x dAR T
THh WH 24 Az 22404 #4139 X EPL HEe]
T TS i EFEHEE sfof Ak 2RE Alojshs
BE AEY A FTEH ] v AlFH oz o o] B
P& T} o] 7R PR

Table 4. Command Type

Command Type Script Command Block
0-Address start, halt @ m
Command clear, show

3
Control Command .for 1% r—J—J
it {} B E

Single Command go 30 move € steps

sound do
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Fig. 3. Interface Design of Command Card
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Table 5. CT Framework of Media Lab[5]

Category Concept
CT Sequence, Loop, Parallelism, Event, Conditional,
Concept Data, Broadcast, Function, Operator

Experimenting and iterating
CT Testing and debugging

Practice Reusing and remixing

Abstracting and modularizing

Table 6. List of Command Card

Category |num Command 1/0

Event 2 | Start-End, Hand
. Forward, Backward, Turn
Moving * | Right, Tum Left, Motor
Pause 1 | wait(n) wait for moving,
sound, led
Sound 1 | MusicOn—-0ff(n) Speaker
Light 1 | LightOn—0ff(n) LED
Loo 3 While2,While3,
P While-WhileEnd(n)
Conditional 2 If*llend(n), IfHand, Proximity sensor
|fDirect
parameter for loop,
Number(n) | 10 | 0~9 Numbers sound, led,

condition, wait

Function—FuntionEnd,

Function 3 Grid, LineTracing

Correction 1 | Calibration

Total 28

3. Validity Analysis
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Table 7. Test results of Content Validity(N=10)

CT Perspective Expressing, Connecting, Questioning
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No Item CVI
1 |Suitability of Command Card Design 79%
2 |Suitability of Event, pause, calibration Card .82*
3 |Suitability of Moving Card 87+
4 |Suitability of Sound Card .85%
5 |Suitability of Light Card .82%
6 |Suitability of Loop Card T7*
7 |Suitability of Conditional Card .67
8 |[Suitability of Number Card .82%
9 |Suitability of Function Card .66
10 |Suitability of Command Card Interface .81+

* 1 CVI >..75
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Table 8. Control Command Type of Scratch by CT Framework

CT
Code Example Card Design
Concept 2 e
Sequence say for @ secs
play sound 0f&
turn (X @ degrees
say for e secs
Loop play sound 0f&
»
turn (X G degrees
if touching edge
move @ steps
S
say for e secs a2
Conditional Ci =
/ turn (X degrees =
s HAND FOLLOWING
play sound 0=
Rems
.
set score to x position
Data
change score by o 5
—
-
Broadcast when I receive messagel ’l
stanr- v
go to x: v: @
Function
i
Logical processing:
when space key pressed User processes
Event ) .
turn ¥) &P degrees various execution
next costume eVentS
Logical processing:
) cHeked]iwhen /o clicked Two or more robots
Parallelism :
are driven
simultaneously
Logical processing:
Operator setyto @+ ©*0O User performs the
operation

V. Development and Application

1. Development of Robot Command Card
WEE 25 WH Jleo] AAE Ao R 34 %S ¢
EE 7].1:E 7H1ﬂlo]_%1j|_ 7hakg uﬂeﬂo{ 7].1:: CT Iig”o],ﬂ
o] CT/Id WFol] @A Table 83 Zt} CT /g W &
= AR, R, 2UE, W, HREAAY o
WE FFER FdS sIGaL o
wol WE k=R FEsA] @ar Aol A
E= AsiAvt =24 A i o R 2] o] =
TEAA WEA e gk d-E o8| =% stk
Aitale] A4 EAE sl sk daelse] w=ed 4%
A B AEE AU Bipd] ARE £A1E o] 88t
= 3I3Itk Table 89 7he-d] = 2244 i:LE"JH
338 7t= W ojeke] AA AlEE AAIS Aol

)

off ©
RANT- I ré fo rlo ol

=2
rg ot

&
ot
QL
l-rI

H|

£
]

2. Development of Educational Robot
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3. Content for Robot Coding
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V. Conclusions
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