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Tangible System for Programming Education
Using Matrix LED Blocks with Bi-color Pattern Draw and
Display Capabilities

Mototeru Kawasaki®  Huu Nguyen Nguyen Tran’?  Junichi Akital®

In recent years, the need for programming education attracted attentions and the worth of learning
programming experiments is widely recognized not only in IT inducstries, but also in social lifes. There are a lot
of researches on easy-to-use programming environment. In this paper, a tangible programming language, named
“Tiles”, is described, which uses the matrix LED block device with bi-color pattern draw and display capabilities
the authors have developed. It implements the tangible programming environment composed instruction and
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parameter blocks the user can define by visible light, with dynamic reconfigure capability.

1. [XLHIC

W, 7Tal 7 IV SREOLBEENMER S TEY,
Tur I I T EFSEILETHRLALDRRE Z T, IT
HERUZIR D THAICEL BT b 0L LTER STV
D, FTORD, BHEHE~OBEARLYDIFZHHEND L)
REBEOMENIEE D 20d 5.

Tu T IV THBEOHEANIBWT, C FiE Java 72
Y ® Character User Interface(:CUD iz i3 HRAR /S &
L\ /=% Graphical User InterfaceCGUDEREEZ & 7=~
nJIIVIEREICILL T ST IV THENMTbND Z
ERZ. L, ZOGUILICKEAT I 7%, W
HIZFAN O T T AREF—HR— RNREDANA H T =—
ZNZ X VEAERAT 9 728, BAF TOREDOm S 235K - T
W5,

% Z T Tid Tangible User Interface(TUDIZ & % E
Bfiho CTEINT LN TE LRSI IV T EENINL O
PR EN, GUIREEO T a /T ASEL Y L HEME LT
nwEERTnaILL

EELIIINET, AHBRICKAAMNNAREZ2 Ky b=
K27 ZALED 7 v v Z7”’LED Tile”ZBi3¢ L, &ZDiLiE

1 &RKE
Kanazawa Univ.
a) m_kawasaki@ifdl.jp
b)  nguyen@ifdl.jp
c)  akita@is.t.kanazawa-u.ac.jp

© 2014 Information Processing Society of Japan

TV r—varEmELCERR], (8], 4, Bl &
FTH, 2 TOAS EFRNAEESR~ N U 7 2 LED T
A A bLED Tile[5]% A\, &7 v 7 IZiia0E 0 4T
MEOEZWZNTEER TUL 07050 755k
“Tiles”DEE% %17 ->7-. bLED Tile Zf\W\\/=% 7L
RIVT T I TR, ERICAN D Z L2 L B ERD
LT XA EE X ATRE/RR Z LI K D AHER LI
BT, K0HESCEAN LTV ERHIFFEIND.

2. BEEMR

BRI SN 7 e 77 2 v ZSEREE N
RTELZEREIND., v—FT7 - XAA—FARAELE
LOGO I, M Fich? #— bV EMEEND D &2
1D a—HFEORHTHL. ¥ — b dita
VB a—HOBEICERIND ZAFROEHRTHY, F—
AR—FTa<wr NEANTHILETERIETES. ¥— L
IS EN LB A T 5 R TE . FRIC LY Bk
R E i< Z LN TE BH[6]. LOGO DX — hVIZHE
BINFEIEEL, WENR 7 41— Ry 72/ 005
OB LLT L, T3y 7 LRd V. Scratch 13 MIT
AT 4T IRICEY, RFWHET TR T T I THEHED
WICHRE S, B ETRETICHTo2MEaER LT
0yl EMAEDEDIETT A=y g o —anl
EERCTE 5. EARNBE - BlEROM, 0L
7 ORI T w7 BFEEL, ELWVELOESS FE

206



WADZER T TTIILVINTED. Tuy s Ok
F~ U ATENL, ¥—AR— NI FANEHEHAT S
[7]. Scratch (X712 7" F X v 7 AIZBWT, R TR E
PNTEY, fERbE ARSI TS, BHicmsEH
HEDEDLZETT—LABIERTE L7720, i
DOHBEABRLOEENDIELINH D, JFHHEMIL-
THA%E &hfz VISCUIT (3= v B a—# ECHW /a2l
BL, AAREMFINIME—DOMTERNTT = A -3
VR LEERTED. AT FITIT 2 DOAERH Y, 2
DOPIZ AN T AR OB BIMRIZ X o TRROBESRE Sh
L5 AAFEEBEMEAT S L T2 REIZ 2 FEBTE 5.
Bl I~ 7 ARH v F /SR L - TT H [8]. A3 HE—
THHZENOIERO LT INHY 23 n, THiofE#
hmFEbns., FiR L3 208X GUIICK AT 07T 3
VI EETHD. GUI TIIBIIRCEER, #hY ik Lesr s
oM, BOEERNT, EABMERIZHS EZAIN L TED
FTIERTEDL LI HLOREW. /2, TUI &R TH
MM B EMAERCT L, F—LZERTELZLDOLH .

BHRTIELNT-T 07T 2 /538 Te 1%, AEO
mET iy s EMAEhE TRy FEHIETSZ LN T
&, TUL ZFEH LT, 7 vy 7 IZBE0REE, ©
— T ERHY KL OMBEITIZENTE, fELT R
7T NI AT CTEBMIT SN, VA4 VL ABETaRY
MZE(E X4 D[1]. TurTan X LOGO D L 572 ¥ — RV %
o, HLEICHGS T rny 7 2B, ZOMERLHIOT 7y
INLDAEICL > TH— b LOBIEAHIEL, HLEIC
Kex R E B ST N TEDL Tl T I 7558
ThHdH. PLECBLHESND X — M ERTRATUAL 75
ZETEBHE, BErFAy s BUFT Y MRS TX
5[9]. Scratch & LV 4330 09 < F 572, M EOMmS
Ty 7 O—HEEBICAND T 7 U NABOGEZ AL
LCIEY, TUIILLCW DBl H 5. 7u s T ADOERIT
77V NOT Y A NV TITW, PCICHEGE S 4172 USB
ATNEOT a7 H| % BT LBk LOBEOE) & 2R
ETH[10]. TUI OFREE, EEICHL O TTr T T A
T E VORI D, B AT K DEBENTE VD
DNZ. FORRTH A T OWREEHIPIHBEE 2 b 0=
OMBT7T Yy 7P A->TiFRbT, E¥HLTHLHIREA
WIGETAMEE L 70 5.
3. VRATLER
31 #©E

ARETIERAFRKE L7z 2 D ANT) - RoRWA[RE7R2 7 a0y 77
XA A “DLED Tile” ZHWi=7"m /7 I v 7 FiE Tiles” D
WEIZ OV TR B, “Tiles” TiE, BEICEIEZ & OMm4
L, It G A -T2 T e v 7 BB S DET
—ODEE BT TNE, FREBICFK R S - mER
Wil (X — V) BB TEEIEZ @ ICENT VAT A

© 2014 Information Processing Society of Japan

Lo TWs (K1), 7ay 7 OArEbE &R
TFa T T AEMBILTH I ENTE, BRI HS & BIE
DOEXWMINFETHS. AIHEEICL ;e L HiEEEX
2D LNTEDLEYD, F—R— P~ 27 & MM

LBRWEE,PCENSTICT By 7 OBEEEZH L DT TE
Zbhd. ZOBNESHRIEIEICLY, 1AL T 2T
TR “EEMZ” L5778 ST I 7% TULICTEHE
BT D.

Tiles 1371 7' F A& AR THHINTEY, v s 7
Lz, EEHZARE/2 T 1 > 7 7 /34 X bLED Tile & H
W5 (K2). A6, R LTPCERAWTEY, 7
v LiElEE LTI 7=5 — 4 % PC I TR LR
95 (K3). ZONEDT 7Y 77— 3 1% Visual CHTHE
w7

T, BREIIS %R T ey 7 CERTLIZELE X, 7
0y OHETMIELTT s IS eERRreiT2559
T HTETHD.

| |

| | |
R S L1
2 A

X 1 Tiles A3

ssssss

2 Tiles 7125 AL X3 Tiles #&/REL
32 2BOARKATEETRAARLETIAOAYY

AREITHE, FEODBER LT, 26AT - KRB AMRER
8X8 D~ R~V 7 ALED 71 v 7 /34 A bLED Tile (X 4)
DORERIZONWTIRARL . 207 1y 7 F L TR E gD
2 @ TERRNTE, 2D ANTEHBI L TEET 5. EHD
TayZEMAG, TryHTEELEY ZENTES.
321 /1N\— Kz 7R

bLED Tile i%, 2~ +JU 7 X LED (QFM-1088ARG)
L <A 2 (Atmel 1 ATmega640), LED FZ 1 /X(Texas
Instruments #: ULN2803A), ¥ X OV & & > 4
(Freescale MMA7455) 2 ##i4%. ~farvt~ R U7 R
LED LIEM 5 D X ICEEENTWD. 17 ey 7 D% A

207



I N~ Y 7 A LED o% 4 X EFHLU
32mmx*x32mmx22mm T 5.

T e WY
e ’ R & & g(

LN 2508

[X] 4 bLED Tile ] 5 bLED Tile ##tlX
3.2.2 BiEIRIE

LED 13t&2 Y THZ & CHMBRERN/IEET HZ &N
HonTRY, ZOEBREMRAMTLZLThHEAFLLT
WH N TEL. v~ U Z ALED Z AHHAT A 2 & L
THEATL2HEOMEREEZK 6 1277, Ke6DX i~
U ZALED DfTEF&ERi & C & LT, ThEh~A =2
YO VO SIS ER SN TS, 72, T/ — RO
(X 6 Tix Ri ) (\ZIXT7 a7 AN ou+1c8:k T 5.
(H~(6)DEMEIZ K-> TAH IEMEEZ KB T 5.
EIEE o EME & RREBFIRESEITITS. A&
IS — AT D87 — TN L TR Y, ka7
FIARITHIETE D, (DDA Y Kefili, LED D3RR
Rl 2+ L D720I, BONDELE L FROMS %
EELTCRETHULENRDD.

RO

1

X
Y

X
Y

WA

=

G

o A
=]

K 6 @hFERER

() RiL,GTRTUOEFRETD (UtEy MEIE)

2 COBOCDEE, D Cj & Ri ZASE— RICHET
%

3) COIZ oMo~ LED 2, Y TohimHic k- Tk
BWRAFAEL, ZNITE Y ZNZENOD Ri IZEENRFAE
T2 (HHEEE)

@ —EOFFH (K 1ms BE) %, THENLD RiITHH
STWDELE A/D 22 "—X THRARY , BIEE#H
ZTCWEDE D el 5 (AJ1ReAE0 BF)

B) CO Z0CDFEFE, ZOHDNNEZ—NEISN Ri
0 PICERET D (HAEE)

6) TNENDF|T)~6)% 4 K9

3232 B0 G

FEEADFITREDONH LV IR 100nm 1ZEE L, KD

© 2014 Information Processing Society of Japan

FENMENMIEER b DR — I E. ZHMOZ A
F—=ROZRLF =Ry R¥ v v TH2 BRI DR FT—H
2 bNIZGEICE TP EERICHE L, BRI D
723, JFHEMICIX LED I, #® LED 23T 2D HE &
DHEWVEEDONEEYTHZ L TRERBPIEND Z &Ik
5. 7212 L 2 OREFIC X - T LED Oigic AT HEILE
I%, LED ® H 1LEIRSCEA R B EDOHKR T /3T A —Z|Z58
<HKAFTD.

AEAWS < U 7 A LED(QFM-1088ARG)IZHR & Fk D
WS LCHEEE LED OB IO L —HF—F A1 ¥ D
FEBH L CHE LEBEEEZR 1 IIRT. v~ U7 R
LED @7 LED {2, JEIE & LTI 2380 < il F D E ViR
LED % LED 24 T % &+ REEEI G ONT. iz,
~ U 2 % LED Ok LED IZ, 7% LED %4 T T & EEEIE
ST, JERE DR LED %224 TBE R T BEMEA
Boniz. ZoRMEZAV, JR LED &k LED A& L7z
By, NS ToHNT LWL, IR LED O&RBKS LT
A, REBRYTONIZLHWT 20N TES.

#£ 1 ARSI LED IR AT 2 EEME

Red LED Green LED
Red Laser (650nm) 1.5[V] 0.0[V]
Green Laser (532nm) 1.2[V] 1.7[V]
Red LED (650nm) 1.2[V] 0.0[V]
Green LED (525nm) 1.0[V] 1.5[V]

33 7R 353 VY EFE Tiles DE%E
331G L7y IRBDEE
e LTS, E A B, O, U R, D, L, G J»H
BENTHD. ZNENOMTOERIIR 2 17T, £z,
HAEIX 1~9 AT 5.

2 me—ELEZOEK

e (ERXT) | B

Start (S) A=A NG =R
End (E) A S A NL > o))
Repeat Start (A) MO LOBEY
Repeat End (B) MK LOKDY
Junction (O) S A

Up (U) T

Right (R) H TN E
Down (D) THMIZEE

Left (L) AT AN B Eh
Right Turn () A1 90 FE [nlix
Left Turn (G) AT 90 FE [nlix

7 uy /7 HomEE, BEOKRICE L TORBRRIRERE S
n, 20K 7T LI RFICEWEDE”, "%Z{E
OK”, "4 & FfE & BUTIES™, »%(5 OK’ DT — X %3k

208



BHIZETITY. BHOOMSEED Kb-o721%1%, b
OENWEDLREEZDEETIZEY, THhLOMBTEETDE
FHICEIENEEZT D (K 8). ZOET—XF+_T C
B, BB EWIHBTELNLTWS.

Bl TORBRE, Bngbeangl, fndbaniz
MIAT-EL7e0, Tay 7w TIE1 DETRETA.

1) 2

Buaht | 2IE0K
E ACK

M 7 BrfodETFIE X8 EHEAT 7y 7 Ok
332MEDETHR

TRy OMERBEOHEEHRZ EITORIL, V= RAF
FTEMEIC RV BE]Z AT, K9, K10 IZR-T LI,
ENFNCHIE LTZV 2 AT v 21TH T & T, KRR LMHS
%, %%iﬁ%?ﬁﬂﬁ%i%?ﬁié:kﬁf%é.

EBEEER
JET u

EB
l9 LisE /Ix%?ﬁmi(ﬁkﬁ;

L wco
EEEE
RN

B 10 BiEY = AF v xhis®R (AT

£
L

4. PROGRBREWESG

A IEIBHAE L7z Tiles” ##ATHIIC W= 24, DITDO L
I IRWET REARHALNE o T

9, SENIMAOERLE LTT AT 7y &V
2, EVHEM LT VL D ICRAIRRFICTRETH D &
Bbhs.

FoH— FiEA R PC ICH 52> UHRRE L7z g1
EE S TUVWAHA, bLED Tile ETHWiaEFDEF
— MUIZERATE S L9127 52 & TV BEL-PHBENE
FHRREMENH D & BbD.

FAENEHFICOWTC L TEE), B, H#Eas % H

© 2014 Information Processing Society of Japan

BLER, bbb HARZMERHLLHEZ261D
728, EBEOKBFEEEE LB L THLERMBIEDRESTT O
REThHHLEBZZOLND.
FMBOIEFRGRVRLTVWEIIL, T ay ZEITR
HERNMERFEAPERT Ky b, BEEEZELS LTH
FBLTWCHREZUND EZOICT D, Lok TRkbE X
biLd.

5. &6

ARETIE, 2 AORBETAN ERRBAMRER T v > 7
il N U 7 A LED 5 /34 A bLED Tile &, & fWi-#
VIUTNANRTa ST I T EiE Tiles IC DWW TR -

AS%IE, 4FHTIRARZ LS RkEEITo 7214, GUI 7'
TIIVTEREDOLEERETIEL T, "Tiles”DFFRETH
LEEEX AIRER TUTO 7 0 /7 I v 7/ S5kE, GUI
OTuT T IV EEEOBRFEIT) FETHD.

SE XM

[1] Michael S. Horn, et al. : Comparing the Use of Tangible and
Graphical Programming Languages for Informal Science Education,
CHI’09 Proceedings of the SIGCHI Conference on Human Factors in
Computing Systems, pp.975-984 (2009)
[2] J.Akita: Interactive Matrix LED Unit with Functions of Pattern
Drawing and Size Extension, IPSJ Journal, 52(2), pp.733-736 (2011).
[3] J.Akita: Matrix LED Unit with Pattern Drawing and Extensive
Con- nection, Proceedings of SIGGRAPH2010, Emerging Technologies
(CD-ROM) (2010).
[4] J.Akita: Interactive Block Device System with Pattern Drawing
Capability on Matrix LEDs, The ACM SIGCHI Conference on Human
Factors in Computing Systems (CHI) 2012, Interactivity (in
DVD-ROM) (2012).
[5] Nguyen Tran Huu Nguyen « JI[ I 258 - £k i —, Extended LED
Tiles: Large and Bi-color Matrix LED Unit with Pattern Drawing
Capability, £ > % 7 7 ¥ 2 > 2013 # SCH# (CD-ROM), 2EXB-42,
(2013)
6] ¥—%F7 + NNR—=h*vwA VA b—Lb—FEH,ara—
=L CHRAORTAT T, KKtk, HIT(1982)
[71 RESNICK M, et al : Scratch : Programming for
All , Communications of the ACM, 52, 11, pp.60-67, (2009)
[8] JRHIFERE: FHEmIT B Y 27 L EFE viscuit & FDOA L H T
== A, ERABE R IERE - L 2 —~ A Y F T =— R, 2005,
116, pp.41-48, (2005)
[9]1 Gallardo, D., Julia C. F., & Jorda S: TurTan: a Tangible
Programming Language for Creative Exploration, Third annual IEEE
international workshop on horizontal human-computer systems
(TABLETOP), pp-89-920, (2008)

JIPAN A S NV R S i R 7= R = B A L 7 Y (< R =
7 7 LOFHAL & BT BREEOHIE, BGTE @A 7 4 7 E 2 Bk
& 37(17), pp.223-226, (2013)

209





