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Development and Application of

Tangible Programming Tool based on Dotmatrix LED

JaeKwoun Shim' - WonGyu Lee'" - DaiYoung Kwon' '
ABSTRACT

Tangible programming tool based on a graphic interface platform is unlike programming on a
computer due to the fact that young students can utilize their hands and tools without an on-line
interface. This is effective in enhancing student understanding about difficult programming
algorithms. B-Bricks was constructed to consolidate multiple commands onto one block, having
immediate feedback about the result, and other algorithms based on assessing the problems that
arose from the previous tangible block model. Upon experimenting on 29 students of grades 4th 6th,
it was observed that as problems became more difficult, the accuracy of the answers derived
diminished and their problem-solving time increased.

Keywords : Tangible Programming Tool, Tangible Interface, Programming Education

35

t 4 3] 9 nevst ARE R s E
T+ 28 nedsta AR me
tr EAs e e st AFEagy 9Fme @A)
EEAS 20149 102 17, AR E: 20149 12€ 1049, AAIEA: 20149 12€ 31
* B omES 20139 @ ATATe] AAS ol AT F 13 (NRF-2013R1A1A2061352)



(2015.1)

k=l

3 =X H18H 1

ME

o
o
o
3

o
el
oH

—

o

o}
X

= @AM

3l ofoltiol L} A7

2

bS]
S|
o]

B

Aol At AERAT AAE ALE

X
=

o %)

wa

AW wpg s ol

<=
—_— 1

ERESRIEE B

[1].

oz e AREE A 9]

LR

5|

o
=

5314

A

\

13t H =5

E

=

5 5 o

2743 A

B

=

LAY B2

4

ﬁo
B
ﬂ_wo
HE

TR

7-

B8 SlEFH oA

w2
RS E

[2].

w

o
plo

)

o

g HAFE ol

ALk

R
.

AA =

o] ot}

&t

J <l

&

s

EF WA F AR o)F

A

o]

O]?l b2

Ry

el
oH

—

of

i
&
ol
4

ap
3

R

e 3

a7}
AFEATE AL QTE o]

ki3

o

=gl

gk Eofell A
At & kol A

&

]:]_0

Jupe L=

ol B

?l.

= Zolstrldll= 7=

L
R

o

o

]

o
H

mO

=
N

N

—~

o

N

o)
afi
r
al
~a
o

~

N
o

el

1
.

2] 5.3 ofell 4]

dol MEE A T4l

SERE R

2 AA|

Z o
=5 =

L
=

= =
=

3

&7 ol (ADHD) 9] A

e

el

T
>A

N
il

ﬂ
pul

o

22!

—
1o

¢

—~

;02

N
]
i
a

o
N

Z]
2]

A

S

Al & o]

w31 lrH6].

L
fu

el

H

’

A

A

U

=

A

W82

ba}iz

Aol A Al
u] £ 8 ~(Dotmatrix) LED

3
&

b}

S A}

oy

HxE =

=
=

E

A& JAEH o]~
29

)

E

[e)
A

B

ﬂa
—_
o
B
22|

}o]

po =

Z 23S

B

ZE7

Pk A,

S

—
file)

o]
Hd

al7)

TH
X0
)

ok

4
ol
o
o

ZE2

@ m
SERRN

A
g

~ oy

ol
L=k

=] o
TE=E
[
hun

w37} 9

=
.

slol A 2144

ALl A

T ARgo
e

H

LFERSE TS

e
Ne %

o)

—_

e

=y
;0_0
o)
o

Plo
N

3

Al AAE A s

3}
=



2.

rd

Big1

2.1 Algorithmic Bricks (A-Bricks)

Algorithmic Bricks= ZG384Jo] g &0z 3¢
S FUE AL E5S FE ddY Be
225 B8 2RE Aojshs WXE T2
=R A w27, @, e e e
TFAAA 224E T Zaadd F F JAEH

I
A = A THS]

3=
25 18hdel 8% Ax, Zzoadd §
of wed Amge] Fzol @aw Ao v

WH10], m=gk ARgA o] 4 oo g uERal,
53] A% dist FdHo] 458 o]fo R e
1 A-Brickse] 8% An e = Aoz
EfytTh,

2.2 CHERP

CHERP(Creative
Robotic Programming)< Tufts ™ol A 7123k
RA&/1ef e IEdo] 2~ 7|gke] Ty =
T2 LEGO Mindstorms RCX ¢} Lego WeDo =
25 AT F Aol

Hybrid Environment for

CHERP ¥=& Abgdhs oidel fAd3 2
St Astd S argste] yhE A
a, 2R A, w4, #IA, -3 et
TS Alojshs WH@olEs wmER A W
FAstA T AL Folxl 28 EAE 26
Asl E5& cAHeR st Y™ s
i, vhRE durle S8 zeadd 3 Ans
230 AFstol Aas HAle= HAHS Fl
41 3}82] A}al(Computational Thinking)7F 34
e Aoz UEsn(r]

<3% 3> HIAEE|HI|E 2RO

Clezcsie 2



R

(2015.1)

=

ots| ==X H18& A

s =N @ 2w
Hr Y mr o My 82 B R o= O g ay
Koo T o o T S = e e
o Ko 1H 2o I g X o 9 w5 N )
o5 E ol = T % om e _ T I H % ﬂwﬁ
— CEE _ T E R
SN —_| B g M o B
B (< 5o R dool K m e
m_m ol &o — B =) & ﬂ Eo ol Enﬁ ~ W 5
X Lox e wa| I R
=1 A I T n¥| o o I CRTI
wl 3 T Kl QWA T o
oy Ko L 2 il go = ~
o —_~ — il ~ 1 ~e
n\ﬁ/u O o fa— A ! oF o o )
\ - ) B ~ W B ® o M o
nl Nfo A - =0 m° F o ol < B 5
W i 7= o | T TEE T W
K e % il y HEaAam™ — T X
I-IL L ‘a o] Vi o ‘q N 2 X
ny = 7E2 nERdr I .
- TV o — Bl oo xMﬁM A 2
BN - % o B J o - 1
: W < oy T oo mWr Bl gy 0 £ ﬁha. #ﬁo M HW ° T M
N o B HOE F R0 o op YN g e
o (WA % A e < w PEET HgT S w
o =T = Ne Ql T A’ T % 2K A 4
Mro % ™ ﬁu ﬁ o Ao ® N B ﬁ_/r
H oo o N Mo UL 90 o o ar X
L O o] & = o o AT
P = 50 T oo I o wr ) =
oG T %A Y [0] = ) s o
o T i+ AR NEE B oo R ﬁt
W o Mo, B Ty N ) mo %
TR O R = g Ser Bl U X
o T = & W = o Wy o - @. T Ly = Hr
o N o G ww T %P _m_ W How - ™ oz
-y B o e X LGN W w®H T
O BT m jr e of \ SR
W oo oo ™ o Ny ool — T m [ B t
oy R = o oy 8w T oj o Um Eﬁﬁ o A__z_ M
o —_ ~ W T s —_—] i u A O
ﬂﬂﬂmr » q.ﬂfr%wﬁ% _mn_l %%% m_,o R o
ENUpS JJ _ ol _ i
T X =T g e w (] o AR < o @
N T B LT [f] © LxXwm — v i
Py TN @ = X op oy w A U i
Ta T bL L R waMy P CERE b
Mo B Neo L - W T N T OB _m_z oM L =
H T B W T N A Uy ok Mo To v X

<712 8> B-Bricks



0fo

oK

zza0Y 2H

3.2

‘|_

=]

RN

o

A2 A A

i

SEEETY

=
=

9> 9]

2
1=

TEsH. <2

=
=

el

£3

—_—

0
N

3

A4

|

al 7
)

A

Al

-
= i

S

HZ F+x3)
P TH12].

]
3

e o

S

|

= A4

b o @@ |
ILL1Lll

b !

b

»
2.1
)

S

1k

EH0fA|

P

=]
Al

4

ol

—_

nall

Ko

md

3. ey

Ak
o

T CH

3.1

g41:10)=

3:19, o

L33k A
=1

Sl 4-63d 297 (H

= =
x5

A
i
=)

i)

o]

N

N

—_—
1o

1
.

A

AlZolel =

=]
RN

oju

e el

9

<2 10> B-Bricks
N



(2015.1)

k=l

3 =X H18H 1

33 AtSY HIitE+

b

1l

ISO/IEC 25010:2011 ¥} ISO

e

3

i

AL

Usability
Learnability,

ol A

9241-11:1998
Understandability,

Operability,

|

Attractiveness, Usability Compliance

&+

F A TH3].

A 3]

&

912

AAET9 Cronbach a A=

1

Ll

7N

A

N
G
)

fse)

25

jze]

oo

o~ = e
N oR X o
B = =
T w ey &
do W Wy T
= %
e oy ©
PR
I
w e
<o
gyl
o =
~ N ol
JWO = M hof .
op L — o)
P SRR
KT
N B
YTIN 2o AR
»
L
o o o o
) o &rﬁ W op
TE T ® S
olo
X T ST H
A wﬂ crﬂ wg Nfo
. oop o m
ol o
T oy T
= mnm el
o mm B W 3
ETE
- T 3
T w2
i X"
il N
C o
—_
rizg:
SR e
T —
et %ﬁ B - o
éo, o o)) ) m.#rm
i iy "
) WE o wW %
fl s =
1xr, X0 ®° W B
oo ™
T W B o

s

37.0%< A

L
fu

o] EA

%l Bw Do Bl RBio Sy Blwo S| =
do|ln T~ BN T Blin 3L B|Q T &
< T j do 7 i
o 0 i~ o ) .
O P I I A P
—~ < o we ap = oy i
— iod B |m o "
oy i y | o
TR wr o ol : oy ol
1 1]10 . b ‘,uNO .
7 | 2 = gl IO e ] = T =
g w s g ® oy, [T |w®| oy,
thlows (D)L [see B2
2 i ; | E ;
M B o W T oo | do |k H o % T op| oo
_E ot %o UT C.“ ﬂA.l nArE " %o e E.# ,HA_I
ﬂ(eww ﬂuwt o) = | o @oﬁ ﬂ-m_m o T | o
el KRN PRl I P O T
G N I~ N ol I T >l I ol B ]
oo | U B odr e )| T LR B ke
oo || M| T [T || m
.#O.ﬁ
‘WL — [aN] o <t Lo o) [ o0
(3 7o Nr B )
— —~ ~
it g ~2azie
g -~ —_
W s N o= M N
Bo RO | ¢ T < ~
R T, M
wr o TET R AW
AT KO T | o o oﬂT o R oo
w0 | AR _ T ooy Mo
n o o0 T e T
0 =] 5.0 &= ~ o
E.rv ;OL OME
HH = I e do TR
S T o K o @rﬁ
e 4 A
N o || e T XKoo 5 .
\UPM el o —~ 0
oo H e = g A
- | R o) o A= A%
- A o | R i) Cralvg <
SR = iy
) R o TGS my
= o Ry T
W ool v N o 7L |
= & T <
T ™ | B ma Moo WM ol
o | Tlm| ™ OO
Wt GS il oo
BIAr N RO T Mo ol

3l

el o

s

2

3]

=
=

sko] Z Al

% A

T

of Alzt

2> ool E EME

<i

W w
4
)
iy
T
e
o o
N
=0 -
~ ‘NL
= &
o @m
) o}
AL
0°
2z
gy
Qs
5 5
-
= M
{F ol
NR
| S
%0 | <
| o
A= 3
Ao |
NE
s
‘%OI <t
o
o | N
=<
o
it




oK

LED7Z|

olof cH

=

FE =M

b

A
o

4>

B
o
A
H
o
Ton

(0.99)
(0.92)
(0.65)
(0.76)

ZzZ el =0

=

olol =] ¥t

AFEN Aot

il x|

L]

<¥ 6> LED 7|

10

b
)
o

el

—_—

0
o

(0.88)
(0.90)
(0.79)
(0.90)
4.48
(1.02)
(0.63)
(1.20)
4.75
(0.52)

70

AR

A+

O

=

kel 2

;O.ﬁ
G

o3

A7t 452H o=

_I

F AL

—

[

=0 of

4.3

N

)
T

=3
iy

el

2

-Bricks

2E B

A2

iz

ol

XA

o]
M

==l

=

3L

&t

A1

=

=

ZzZ el =0

=

EE
Ab2N ZHaf

F

H
(i)

Ch

5> LED 7|

<i

A a.w o
T~ Bl ok
E TP . :i
— B° b
E M B
—_
ﬂw 1 . o
Il m ;Y Y
Moy ol
H) R of
6N iy
oz N
X 7 o T
o= o
- 1A
T s
NJJ g .
~ 0
! oy s
A =
e A
M 3 B
z * oy
. ™A ® ™
Te) p o M
< Zloo © Sl No Sl
© 51O W0 RIS N9 TS Q
e SIS S DY 2T Z
o|
oK
T
A %
iy do
o c3
M 4r
” =
o -
EE ™
=0 ot
do "
= o
o) .
L B ey mr
oy |y <E ]
— [aN]

N

o]J
c
o

)

—
o

o
o
]
pul
3
o

o
OU

—

ol

%

X

b

o)
HH

~O

An 7 4808 2 7}

s

Zol o

R
fu

A

bt

°

’

A

X

L
R

1 4, B-Bricks

I

_?4

ed

o

B!

3

=

=

o]

/o] 3938 & Bl

o]
Sa

7]

k]
gl



N
N
rot
H
o
[
m
El
1o
Jor
ol
rr
Mo
Ral
=
©
i
=
fol
~
<
o

>
ko
&
of
o
2
Ll
2
)
oft
£
>~
Dol
o
_?L
.
o,

o

JHU ol
Ol
Qo
32

4 2 oop U
_0|£
=)

T
N
o > my
N

1o
Hl

Rl
e

—
o
w

ol
ol
32
2
N9

>~
=z

U )
(T (o

dr
o
>
>
ofo ot
oft
ol
L
T2
o

¢

s
N
o
et
3,
H
J
)
i)
_0|L
32
o =

S
R

X
e oo
2
w
32 My

oy oo

ARy
N ol

o ol

b

X0

Moo
QL

fu
M
£
ol
o
I o

r
P
=2
= 1
o
>~
>
oo
oX,
o,
N
N
iR
i)
2

O i
o 2
o O

o
)

o
2
2
=

o
1,
M
> =
ax
‘O,
offl
N
[nt
Ho
X
_0|£
rr
off W o2 M sy

©
N
-

2
>
>
ki
o2t
ox
[o
o
(ot
U IS
t
I
i
o,
e [o

il
B
( ;9‘

£ @ % o

ol

o 2 o O
EL
o nE L to

off

lNl o J.?L

N
==

< —
ko
N
3o M
H
v}
7
Hopy ol pw

ol

i
ki
o
o

[1] Hiroshi Ishii, Brygg Ullmer (1997). Tangible
Bits: Towards Seamless Interfaces between
People, Bits and Atoms. Proceedings of
Conference on  Human  Factors in
Computing Systems(CHI ‘97), 1-8.

[2] M. J. Kim, M. L. Maher (2008). The impact
of tangible user

interface on spatial

cognition during collaborative  design.
Design Studies, 29, 222-253.
http://dx.doi.org/10.1016/j.destud.2007.12.006

[3] Bert Schiettecatte, Jean Vanderdonckt
(2008). AudioCubes: a Distributed Cube
Tangible Interface based on Interaction
Range for Sound Design. Proceedings of
the Tangible and Embedded Interaction
(TEI'08), 3-10.

[4] Jamie Zigelbaum, Michael S. Horn, Orit
Shaer, Robert J.K. Jacob (2007). The

Tangible Video Editor: Collaborative Video
Editing with Active Tokens. Proceedings
of the Tangible and Embedded Interaction
(TEI'07), pp 43-46.

[5] M. D. Heller, K. Roots, S. Srivastava, J.
Schumann, J. Srivastava, & T. Sigi Hale
(2013). A Machine

Analysis of Game Data for

Learning—Based

Attention
Deficit Hyperactivity Disorder Assessment.
Games for Health Journal, 2(5), 291-298.

[6] Morten F., Benedikt M. Voegtli (2002).
Augmented Chemistry: An Interactive
Educational Workbench, Proceedings of the
International Symposium on Mixed and
Augmented Reality (ISMAR02), 259-321.
http://dx.doi.org/10.1109/ISMAR.2002.1115100

[7] M. U. Bers, L. Flannery, E. R. Kazakoff, A.
Sullivan (2014). Computational thinking and
tinkering: Exploration of an early childhood
robotics curriculum. Computer &
FEducation 72, 145-157.
http://dx.doi.org/10.1016/j.compedu.2013.10.020

[8] DaiYoung Kwon, HanSung Kim, JaeKwoun
Shim, & WonGyu Lee. (2012). Algorithmic
Bricks: A Tangible Robot Programming
Tool for Elementary School Students.
IEEE transactions on Educations, 55(4),
474-479.
http://dx.doi.org/10.1109/TE.2012.2190071

[9] M. Virnes, E. Sutinen, K. Eija (2008). How
Children’s Individual Needs Challenge the

Robotics.
Proceedings of the Interaction design and
children(IDC08), 274-281.
http://dx.doi.org/10.1145/1463689.1463766

[10] A&(2013). HAE =20 =45 &
&3 =EA AbaETINke] 25 23 34
A 2 AE AFEHAEEI=EA, 16(4),

Design of Educational

13-21.

[11] Bers, M. & Horn, M. (2010). Tangible
programming in early childhood:
Revisiting developmental assumptions

through new technologies. Greenwich, CT:
Information Age Publishing.



,_
m
)
N
=
o
>
(Ml
|
Hu
[
fLy

L=}

M
=t
X
nx
¥
]
00

43

[12] Theodosios S., Stavros D., Ioannis S.

(2014). Evaluating children performance |A=I xH -'.I-I;I
with  graphical and  tangible robot
pro.grc.zmmmg téols, 'Personal and 2007 7101 38T 8 i
Ubiquitous Computing, online. L
. AFE L3533t
http://dx.doi.org/10.1007/s00779-014-0774-3 2012 e o5t
. . al ornl
[13] ISO (2011). http://www.iso.org/iso/home.htm IR, 5 ] 319 5 (o] 4] AD)

(revised 2014. 10. 15.) 2012~ A sk 7T w8 s uAl

of &

o

3}
5)

s
o o] o %-5}3}
RPN INE
) BELEABETERH(E SE AD)
1996~ A aefistul F3FE st wg
ARk AFHILS, Aua ol o]
E-Mail: lee@inc.korea.ac.kr

o Kl
M
G

)

%r?wa

E oo

E-Mail: daiyoung.kwon@inc.korea.ac.kr



