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Abstract

This study is a study on the coding mathematics curriculum that converges elementary and middle school
mathematics and information subjects and a minimum coding game-based education method for this. For the past
3 years, the coding mathematics curriculum and educational methods to effectively operate the curriculum were
studied by applying them to 6th graders of elementary school and 1st graders of middle school. As a result of the
first year of research, the coding mathematics curriculum was modified to a coding environment including the
mathematical concept of a three-dimensional coordinate space, and the three-dimensional object was improved to
be output as a real 3D print. As a result of the 2nd year study, it was improved so that even low-level students
can build buildings by introducing different level commands for each component of the building so that
self-directed learning is possible. As a result of the 3rd year study, a teaching-learmning strategy based on a
minimal coding game was designed to induce an increase in the level of computational thinking, and evaluation
and feedback for diagnosing computational thinking were developed. Educational methods to promote self-directed
leaming and computing thinking ability, and researched coding mathematics curriculum are meaningful for the
research and practice of the convergence education of school mathematics and informatics.

* 90 AT A, 295 3 IR, A ZIAY, FF A, e

* Key words : computational thinking, coding mathematics, 3D coding environment, minimum coding game, level up, feedback
* Address: Department of Mathematics Education, Seoul National University, Seoul, Korea

* 2000 Mathematics Subject Classification : 97U50

* Received: August 9, 2021 Revised: August 14, 2021 Accepted: August 29, 2021

467



468

= o
o7
°7 o
gl
_am X
0
A
ey
X i
o
I
° T
. RO
S
= o
]
=l
R —_
=
oy B

A S

> oF

)

34 A

HE
TR
TR
offu

o
‘uo
™

4
™

9+

A

A

L

2 4% 9

10

A
el

K

ot

[e}

oA dojut

AA A

L

WA, g4l ol

SR oh2t oA

23

g

|y
A

-
al

1

?i]
A4, 7 THChang, Koh, Park, 2013). a&HH 2

=

5
P
U

q

A

ar,

)

o FEfrtetel A
Jz/],

i

ke
Flom, 20199 -E

|y
a

pud

=
T

o]

Aol gt

Edofel] o
o2 A4

=
T

!

ke
yul

v

dol &

(1

A THMinistry of Education, 2015a). 2015 7}

tHKwon, 2018). ©]&
20183 5-6

5

4
Tor

Az

P47 o

L

il AIqkE o] Skeh(Hur,

o

Aol e
o 2o} g

3}
o

at7] 3l gt g 9 oshs Al

)

Lo
2

kil shake] Al 7]

)

1

S

L

[

o
uEHHo R

e g 94y
55 7t

3}
=

e

[§)

HE As

[e)

.
A

i

[
o

715E 153

=

%, Ministry of Education(2020)
3}

FAA 20219 2

o]

Tor

K
b

e

L

L

5} A1

o

1t Tyler
571 4

uk
=

o]

b

)
o] Hegez AT

He

of A oF

Edlo] %9 Fa43) o

3

2 A EH Aol A
¢] Ministry of Education(2015a)

4 7hgo] A85T

LERLIL SIT

Has cited in Kim, 2002).

R

~)
Nk
oj
ToH

}

2015 /HA &3}

L
L

=]
=

7F? Kim €1(2017)

1

=

ol A

=

oo o}

=, Us, 99, FRE

1

o
el



469
A1)
6‘_'1—
o

o]

o Piagets] FAFSE 8 A9 Tl x9S

vt} Papert®]

7

L

L

i

°
=L

g

e
=
=

skt

Piaget®] +
[e)

ol A]
(Learning by

2l
o 4% o)

A]?’].i

3l

=

9]
o

A

e

[e)

\
T

}_

3
H

L
L

I AA=HA gE ol

Learning by Making 74359

HE A ZE(Turtlecraft) 3
Aol A
=3

=

Sk, ojn AT

L

T

- Eﬂ’
AR

p

}
A A 2w

1

o
o

2159 (constructivism)7} oFd Paperte] 7459

1

Papert(1972)2] 435 (constructionism)
ko)

wEAHFE Ve s

i
=

R
al

SRE

A

FoAL3
3 g} 47

pid

ke

At

]

tolem, Shin(2019)= #3578 Abaga
&

HollA BCS(

(Computational Thinking))®} 1A% 2015 7§
ol A

hva

-
=k
=

Al

2a

LR

AL

AJm
Tor

0o
B

A

o o b

g g ARG 5

1
5}

°

=3l

;|v\,/|
-
1H
iy
o
ofa
1
=
o
,..Aro
NR
<+
o)
o
ar

™
=
2
..A

‘mMO
HE

TR

el

o

s

al %

& wF Aol wsH AAES AT

A%

jail
=

3ol 57

O 3BkA
“

FEEE:

9]

ks

0] 7l

I

X

Lo

BRI
T

&
A

H o

A

[
o
i

ol
o

=)

du gonz,

bl

.

2 oy
°

Ministry of Education®}

e

[e]

b=
<)
AHgs

[e)

=

A

T

974 A

.
T

o4

AFY Andoz v
AEEY

1) Computational Thinking



. o]&4 u}4 [Table 1] Definition of Components of Computational Thinking
Components Definition
1. A%y Aud Data The process of gathering appropriate
— Collection information
D A58 Abnge] o g e Making sense of data, finding

Data Analysis | patterns,
and drawing conclusions

Depicting and organizing data in

EH “g Data

2 T2 Representation appropriate graphs, charts, words, or
9lo] LOGOE 7NatArtHLOGO dlofe] nhg2s wHo] nages :
i ) s Problem Breaking down tasks into smaller,
vz 23gx dojoln). MIT wighe] skadid Decomposition | manageable parts

Reducing complexity to define main
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Paperts #%8 ARACT) S0l Agoz =4st
o

2 Abstraction dea
o AZE] AlEH A HALS 9 =X o -7 - -
oM, BFE A fi Flel -T’—E]' 2 o= Algorithms & | Series of ordered steps taken to solve
o= QIzte] Abae}k 7AFHY THE XFste grloA Procedures | a problem or achieve some end
ZzxE ki &4l thas cited in Hwang, 2016). o]l Automation | Having computers or machines do

repetitive or tedious tasks

o} M e (=R AZE] AlpEL J1E 2= 9] -

FElEt A 20189 H Y AaEs 718 5 o6l _ _ Representation or model of a process,

52 ATEYY WS FA 0SS PR dA AF Simulation Slmulgtmnt also m\éo}ves running

. _ B N experiments using models

o] 23 PoA] ‘AR pIE AL FEog 2AFY - -

Axel, e oM R g =T 5 1432 o Organize resources to simultaneously

o nFsuoA CFAF S AY REow Parallelization | carry out tasks to reach a common
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[Table 2] Block-based programming languages and
text-based programming languages
Type Characteristic
¢ Implementation of building methods
like Lego blocks instead of text
commands
Block-based | * Mainly used for the development
programming of stories, games, animations,
languages digital art, etc
¢ Example languages: Scratch, Entry,
Algeomath, App Inventor, Kodu,
Alice, etc
* Extract and apply only content for
educational use in  traditional
. programming languages
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Program Screen example
Minecraft i . o :
TurtleCraft
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[Table 4] Comparison between Scratch, Algeomath,
TurtleCraft and Python
Pro Characteristic
—gram Coding command Coding result
- e
Scrat move € steps
»
~ch turn ‘)@degrees Block codi
y % . ock coding
- «  2-dimensional
plane
& ./
% e 3
Algeo 7( 0. 8. B)azA=oll Y | ss)
-math KN
* Block coding
* 3-dimensional
space
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- f 3
Turtle 2 doit(5s)
- EOT23%45¢
craft 3 doit(L) o
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4} * 3-dimensional
space
1 import turtle
2
3 t=turtle.Turtle()
Python e:,t.shape( turtle")
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7 t.forward(10@) | * 2-dimensional
8 t.1eft(90) plane
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