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Design and Implementation of “Puzzle Programming”

-New Teaching Method for Programming Education-
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Currently students in elementary, junior, and senior high school are encouraged to learn programming in their class of

informatics. In this research we propose visual programming environment named “Puzzle Programming” to make studying

programming with pleasure. Puzzle Programming is implemented using Unity game engine. All data for puzzle programming is

managed by Yaml, human readable data serialization format. Prototype puzzle programming system was implemented on Apple iOS.

Tablet PC iPad is used for playing “Puzzle programming.” Experimental evaluation proved the effectiveness of “Puzzle

Programming” for programming study.
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BT OFEEERD, FORRIICT F A b b
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NEFTOLND.
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L= LEFSNY, [Puzzle Programming] (C
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—IZ X VRSN TND.
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&—A&47(7m75i/&,¢%&—A,m$
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Interface) NEIV B Con BKEe—2] &, Zh
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H2a= /N ZTDILT 7

fuepp)

v (7)=i(B) +1
sum(28) = sum(21) + i(7)
(8) =i(7) +1
sum(36) = sum(28) + i(8)
3 i(9)=i(8) +1
% sum(4S) = sum(36) + i(9)
(1@) =i(9) +1

NunLtuLuLunLu

i) =i(12) +1

Fig. 3. Display of execution log.

sum(S5) = sum(HS) +i(12]
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Pieces mismatched s
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Fig. 4. Display of syntax structure by pieces matching.

2.4 BETE®D VPL &L DLLER

Puzzle Programming] %, = — 723 REkAyIz—
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L7poTWVAS.

for (int 7 = 0; 7 < wv.length; i++) {

v [i]++;

Fig. 5. Sample of “Scratch” visual programming

environment.

—J7 TPuzzle Programming | 1%, Fig. 6 [Z”"79 & 9
(2, MR AIT S While B'—RIZ% LT,
While B— R L3872 &by —2) Z2HEL
%h%#o@t—xﬁt%ﬁ#ébﬁé_&fﬂ
DK LALEZA[GEE LTS, LN~ T, BE—XA
FLEMABEDED EWVITAND, BRI D
DE—ADBRMEA B %, [While B—R21%, &%
TERUEE—ADBNIE] Lol L )iZ, KKDT v
77 I OERAI~OEIREZ RO H Z & BT
X5, ZRICEY, =PRI T R MRtk
DT T T I T EREICBAT LTES, # 0 R LA

TIET TRtk BMES 22 E#T2 2 L 200
ELTW35.

Fig. 6. “while” statement in puzzle programming

environment.

If E— A 2B LT, While B— 2 & FEEIC [
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EVIZT 2O TIE/e <, By —R L3805 (5]
BEe—2] ZRTHZEICLY, LT Fx btk
DT T T I T EFEICRo TR L 5T 5.

2.5 DY TFRTF—LEDEE

[Puzzle Programming] Ti%, fEk L7702/ Z
LEFATLTr 7Ol ZRRT 5721 TR,
B L7 a 7T Mo Lo THr— a4 A7 KK T
—4), TRy bF—h 2BV Txy 727 4 —%
g ZENRTEDL AR LIETm T Lo T
F=baT7AT5Z LT, a—FOPEEEHKER
ETLHZEEHNE LTS,

LR, TR —A5) & TRy NF—A) Zh
ENDT — LHNFITDONTIRR D,

2.5.1 K5 — L

WS — L, ¥ ¥ T 7 F—%AF— NHEND
T—/VHIRE T, EEYLZET 2R HE ZE TR
FT—V%27 07 (Fig. 7) TEH5—LNELR->
TWb. Fx 77 X —NEEHICEEY~OEZE,
HLLIFEZ Y THNCRAT D &, F—AEE EICk
B %9 5 [Fail) ©O3CF (Fig. 8) NERRIND.

Fig. 7. Screenshot of “maze” game.
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Fig. 8. Screenshot of “maze” game.

2.5.2 ARy b —L

Ry M —25 (Fig. 9) 1&, K7 — 2 & REE,

[Puzzle Programming] ECHENT-T 0 s T LD
FITICL Y, vRy MBAEAICEERE 721 TpiE e &
DENEZEIT S . vy FOIT< FaHickEHEY 1 E
PICE DN TV W, TR — A X0 g
BHBICEESE S Z N TE 5. Fig. 10 IZRT X
2, FEEE—ADMICHRE—2AZEI Z LT,
ATENZEDE 9 7, BT 2 A — R, B#n L
D/NTA—ZDIENAIREE 2D, vARy MO A[EE
7R & LTI, PSS, DU £ ), &0 Y,
8 DFIEE R LN DT b, HER/L—T7 (While &
—Z) ZMWHZ LT, MUEMEZ#RVIETZ L%
TE5.

Fig. 9. Screenshot of “robot” game.
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Fig. 10. Programming robot game in puzzle

programming environment.

3. FHHR
3.1 FFIRE
[Puzzle Programming] % BA¥ET HICH7-> T,

F—ABRET Yy Tty > (==7 )] &#H
V7=, Unity &1, % Unity Technologies 23 #2ffk L T
WORKHIRA BT 7T 473D T TV r—va
CORBERGICT LT LAY THD.
Unity |& 3D OFFEZEEE L TWDD, BATD
HEEEZ 2D HHO L DOICYIV EDH Z L T2D DT 7
Vr—varOBELARETHD. AEIO [Puzzle
Programming| (X Z O HEIC XY, 2D OT 7Y fr—
vark LTHEELL.

Unity O & L Ti, Wii, Xbox360, PlayStation
37l oar =S — AEERNT D, 108,
Android, Windows, Mac R E DX 27T v M7
A= L TWE I B RAT Ty R 74 —AT
o5 KX, BAFIZR T 2418 = 2 M OB
AR TY =X F TN AR ET N5,

3.2 DRT LK

Fig. 11 12 [Puzzle Programming | DOFEREARELX %
7~F. [Puzzle Programming| Ti&, LTI/ XA/ E—
AL ZDOE—RAERET LN ST
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W, EVFZOE—A2RAT DR LD, ARET
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Fig. 11. Function components of puzzle programming.

3.2.1 Yaml

RFZETIE, T— 4 FEIC [Yaml] " EEND
XFH DT — 2 A 2. Yaml X XML X C,
Perl L E57 707 I7I VT SHEmMIPLEITNS L
Sh, ~— 727 vy 7EELV T EHEEZANE L
72T =42 THD. Yaml (2L BV A, ~Ny v
2, AA T T FOEGFH|Z Table 1 1IZ7R77.

Table 1. Examples of Yaml description.
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— 2 OERERIX Yaml 2L o TEBINTEDY,
Fig. 12 DE—ADT F A b5 —H# % List | [Z/R-7.

4
u-t
1

Fig. 12. Decomposition of pieces.

List 1. Yaml description of a puzzle piece (Fig. 12)

id 4 # ID
condition :[false, false, true, true]

# Concave or convex
type (3, 1, 3, 2] # Figure type

color :[180, 0, 0, 255] # Color

Items Description examples

List lapple, orange, grape]

key : value
Hash
name : Yusuke Saito

Comment out # comment

KEFINDHONDL LI, TF A MTEIPNLT
WD TR & <, BHETRWT — X OEFHIC
BWT Yaml ZFHTH S EE XS, KBTI
Unity T Yaml 7 — X #5728, ME DO —H%
Unity FIICBHFRE L, HEH LTS,

3.2.2 XX IWE—R

Ak D & %Y, TPuzzle Programming | Ti& /S AV
DE—ANRKREREHEZFF> TS, Wi ETiE
Fig. 12 DEKD X H IR A 5708, FEERITAK D X 5
IO R—=Y T LI TREL TS, 2o

LFREOH| D % — Tcondition] & Ttype) 121k [k,
F, T, ZE]DIETEK =Y O LMW EiEET 5.
FE, LK THFANT =X EERTDHZ LT,
xR DOE—RAEERT 52 &N TE 5.

ORIV E—RIZa— REREMNGLEEH O
AT — RE—R LIRS FERRICHEE LIZ
BlLE SN D HDIETXTCFig. 130X 7ra— Ry
—ALRD, a— FE—RF XL — X
Yaml TEHEILEINTHEY, Fig. 13 %2HlE& LT F A
k5 —# % List 2 |27,

A

Fig. 13. Composition result.
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List 2. Yaml description of a code piece (Fig. 13)

name D

# Code piece name

piece 1 [4] # Piece ID

class :DebugCode # Class name

method :Debug # Function name

p_name C[ME] # Argument name

p_type :[System. Single] # Argument type

p_def :[1.0] # Argument default value
return_type: # Return value type

category :0 # Category number

a— FE— A&7 560%, List 2 fox—
lclass), [method), [p typel %\ CEIAJICZEISL
EREOMH LTS, F/%— lcategory) 1%, B —
AR O BEEL, o, AR ORI T h O,
1, 2EIDIRHILTWND.

3.23 44274

Fig. 14 [T [Puzzle Programming] DA & 7 U %
WELFNED 7 7 —F v — b & RT

[Puzzle Programming] DA > % 7' U % TlE, 4L

BROBUENE & JTis, T OMEIC S 5 'V KON
EIN/a—RFE—22ZRLARNRLETLTY
<. Fio, =7 =PI L TiE, AR 2v
DOHIRIZ L >TRENTWS. LML [Puzzle
Programming | TIIAME S Ziffaxt L LTnwan 2 &
IZRY, BE SN TOWARWERIIE HARTRER 29,
HE SN TWRWEROHEAREOAT T — LB %
A H TV INTIT> TN D,

3.24 )T RF—LEDEE

2 Tk~ 7= L 912, [Puzzle Programming| 1% 2
DYY T AT — L EEEEL T4, Unity ClEimm
HAL TR TON, fEbhe 1 B4 — v &
O, TNHDY = DMBEDERLERBICL > T
—ALEFHFEL TN RS —4a) L TRy b
F—N0E, ThERY— 2 E R /B L TH
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Values initialization

Set curment position on
(1.1

+

Show scene

Y

Infinite loop

Yes
Current position has a
code piece
Yes
"If* piece or "While" piece
Yes
No
Conditional judgement
Yes

Set current position on the

Code execution

L

Set current position on the
next row

Set current position on the
next "Else" or "End"

next row or column

Fig. 14. Flowchart of puzzle programming interpreter.

WaiTole. = ST THEST L LT, F—
LWL TOT Ny ZREL Th Y, [Puzze
Programming|] D3 — T X TOF —LEEDD
DIZAEY LEEBRRZ N EHB L2 b ThD.
R STy — 3, B A =2 —D 7 — L H A
TIEEIEIZ TPuzzle Programming| @3 — 1 (ZHLY
AEND. FEHEEE LHGEIE, EREANIRR
LTS v —rZHlkR L, ZERO T —ZH]D A
ie.
T—=LHATOT =5 Yaml TEEI SN TEDY,
WS — L EFNC L2 T F A MT —H % List 3 1T
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9. List3 HDF— Ino_use _code| TILZ DI — A
SATTHER LRV a— FE—A42ET L. 2
AU R, B4 OB — ZAFRE R D O RS 7R
5. FTEERBTF =L DL AT —VEERD
L8601, % — [stage button] LARED R 4 ftab 4
HEIND D .

List 3. Yaml description of game type “Maze”

name : 2K % # Game name
no_use_code: [RobotMove, etc. ]

# No use pieces
load_scenes: Maze # Scene name
stage_button:true # Show stage button
stage_names:[1, 2, 3, 4] # Stage name
class: MasterManagerM

# Stage change class
method: ResetStage # Stage change method

p_type: System. Int32 # Argument

4. FEiEER
AR TIE,  [Puzzle Programming] % HWTIT-
a7 I ZIRBREE (LU T TIRARFER LT
DIZDNWTIRRS.

4.1 RBIRE
ES

AFEBROFREEHT FURT Y THD.

® ERH 201441 H 30 H
@ BT (A S A [ B AR - R
@ iE A2 A D27 4

I 3 AR 33 4

¥ MR - CHIRE
@ BRG] 2,3FAELBITAS pX2 %
@ [ iPad : 13 &
® MY 7K~  Puzzle Programming

4.2 RBROTHN
REBROFAUL FRICRTEY Th 5.

b
=
1m
=
o
m
3
b

1. FEWi7rorir—=h
2. BAEHEOHMN

3. eI I7I0703KEROHH
4. FmIE

5. IS HERE

6. HKB7T o — b

WERETIE, e /730703 REETHD
(BRFAT), 1o, TR L) REfETE T
WhH N EMOMEEAME L. F—2aF 47 [T
777, RS —A) TITOMEE, EnE
2T oM L.

ARERRIT 2, 3 N 1MOBEHEAL TITV, 244, 3
FALBIZIIHETH -,
JSHRRECIE, BN T A kgl L,
HOMUDER L TRBWET 7 T Ll w41
R, ZOFETHERZ RS oMEEZ H-E L.
B, 2HEAEDEREICIT - 2BRIC, HmiRE
HOFEBEIZBWNT, a7 7 I v 7RO
DEETCOETIEENIZTEAETHSTD, 3
WEOERTIIZTOMEEEE, F—br¥ 47 1
ARy =LA IZBWT leRy b & IEFFRIZH
ERET D] Vv BINERE A HE L.

4.3 458
4.3.1 FRI7 V77— b

FHTT o — b, RIEBRE 2T D RTOHERE
DT T T IV TRT TV = a UERICKT
LD ERRCRBR AT, List 4 ICHEFTT 7 — RO
ERIEHE (BkFY) %, Table 2 (Z45E R o A H
LRT.

Ql £V, FEAEDAFEIZE > TRERNYID
TOTalI3I VIR THoTmZ ENmnoiz.
Q2 TiE, ur/ I I IClk0H 5 4AEITIT
EAENRNOTIE, ETFRELTWER, PRI
LTI LdHD) OENE»-T-. BHEHE T
07 IIVIEBEEITOLERETSHE, LD
EENBIRE R CTH L2 RBEEVRLETH S.
QITBW\WTTr I II V7 LEROH LT Y
HED BRI O W Tl A, 2 F4, 344
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EBITEEEOL ERNT Y r— g VERICESR
NHY, Ta T I I TEBODDEoNTRHIL
PB4 LH TS 2D TIE, &2

List 4. Questions of prior survey

Ql. bz nEcIcFIur s3I 7 %f1-o7=
RERIXH D T2
1. 5 2. 7\

Q2. HKEET, Yur I I 7iox L CHERIETS
DEFTMn?

. & Tbds 2. 0LdD 3. bEVRWV
4. LN 5 B

Q3. HhTiE, Av—FT7xR¥ 7 Ly Mk
(iPad ) TENS 77V 2 By THE> THTZWTT
e

. L THESTHRIEY 2. D ULIES THIZWD
3. HEVEBENZ 4 A BRI

5. MBI

B R BN L o T K H R o7 — 5T, Tl
2O S BIFEEL Lo Wiy, Bl
WIIBEIZ 2 D E EYBIEL T 0D b7
Wl EWnWOERbH T

JFAEICBWTCE, MERE2 27 LT TeR
v NF—2) ZHWEEINREZEALZZ & T,
EOHHAL—XCREEZED DL ENTE S
MREIZBW L, 2 BRECTE-PEL T& 72
Mo TS L=y, BRI &) L0 IR
DRV BRPoTEmNRRENEBZZLND.

Table 3. The number of correct answers.

Table 2. Answers of Q1~Q3.

No
1 2 3 4 5 answer

2nd 3 24 X X 0
Q1

3rd 1 31 X X X 1

2nd 0 9 6 3 9 0
Q2

3rd 2 11 11 4 5 0

2nd 9 7 4 1 6 0
Q3

3rd 1 13 8 5 1 5

4.3.2 HELT-ZE

Table 312, FRAEIC X L CEM T = 2~
2B, TGO RWEKRANTERIZH I Tk A
iR Z LIXRETH 72720, RPCTHENE 25
XN OFEREIT->TEY, IIEE2ZIT TEZIN
ol GAE TH IRV LTV S,

2EAICBWNTE, LWEiRE 2 N Lo LD
T, 22 TTRTCOEBRSDEFFT T LE-T-. 7
TIIVIDREELWEWS LY EREZOL DD

(71)

Questions 2nd grade 3rd grade
Basic 1 11 11
Basic 2 3 X
Basic 3 0 11
Basic 4 0 11

Additional X 11

Advanced 1 0 11

Advanced 2 0 5

Advanced 3 0 1

4.3.3 BRTV7—F

HF%7 > — FTIL, [Puzzle Programming| O
Ul(User Interface) Dl oA FER 232 T Ict2 D7 1
7T T D BRI E R 2 S 4272, List 5
WZHE®HT o r— bOEMMEE (BF) %, Table 4
IZEE M D EIERE R 2 R~

Q1 & Q2 TiX Ul milix =427z, Q1 TlX, 24
BIZBWTEH TELLELFE LR OFIERDL
BWOHOD, BERMICEFMITH 72, Q2 ITBWN
ThbBBUREMMTH Y, LT U OFHIXHE
mofe. i, BHFEEERHIIZ TSV ORI,
HOTHUOEETEZ 9> TRAELE. ), T4 TE
ESRVEAITIANANLDE—ANBIKLRNRE
TR T K TEMNST2TT ] EWolzF
N, NALERWETRRES L.

Q3 TIX7ul 770 = REFZDPRE %,
Q4 TIE7u /7 v r7oiERNESRE. 2 F
AICBWTITIEERE 2 TH7aR 0 L T2
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List 5. Questions of posterior survey

Ql. A HOEKBRBETHEMH LT 7V [Puzzle
Programming | D#AEHIEILZ D0 0T oo TT
e

L ETHHMIRTV 2. 45T

3. 8BLL LR EX R 4 izl wn

5. L THa0ICln

Q2. Puzzle Programming| D WL7-H (R% - DORELE
Rfh, XFRL) FESITLEN?

1. ETHEL 2. B 3. @

4, Hyy 5 ETCHEN

Q3. Puzzle Programming | #fiH L CTHT, Fr 7
7 IO =REHE [BRFAT] [HRM5E] [
WL 3 TEE LN

1. ECHBEMfECE 2. BT

3. 8EbbhEbFEARN

4. HEVHEFTE IR oT

5. FoleK B CERnole

Q4. [Puzzle Programming] #fiH L C#A T, [while
DHELICEFFRUENMBETHDL] LnoleTFn s T3
Y7 OBANTEMECTE E LI ?

1. ECHBEMfRCE 2. BT

3. 8EbhEbFEARWN

4. HEVHEFTE IR oT

5. FoleK B CERnole

Q5. S EIDIKBRIZE L Z T THT, XA NVEMHD7A
WEBEOTa 7T I T ERSTHR S THARZ
ERNETN?
. £ THRLTHTEN 2. o THIZWN
.55 8020 4 bEVLD L0
5. Fo072<KRD <72

Q6. ARIOEBIREAL X oTIZ, Tr s Ty
VTR D B - BRI L E Lo ?
LECH#ELE 2L
3.EB B ELEZR ALNRL ot

5. Fole R =L 2

Q7. ABIOEEZE CHNZEED L~ T EH
TLn?

1. ECHIEH 2. i 3. Hxr o &hwn

4. LW 50 ECTHEELW

Table 4. Answers of Q1~Q7.

1 2 3 4 No
answer

ond 2 11 10 3 0 1

Q1
5)d 17 14 10 0 1
ond 12 9 6 0 0 0

Q2
5)d 10 17 5 0 0 1
ond 1 13 8 5 0 0

Q3
5)d 9 20 3 0 0 |
ond 1 13 6 7 0 0

04
37d 10 17 4 1 0 |
od 1 7 9 9 1 0

Q5
3¢d 1 11 10 7 2 2
ond 3 15 9 0 0 0

Q6
37d 8 20 3 1 0 |
ond 0 0 0 22 5 0

Q7
3)d 1 4 16 110 |

EbHY, LK LAEENZ N2 L O THS.
3FEAETIE, K 7 —attoinie Ry F7—2A4)
AL LT, BENS LT LEZEZABND.

Q5 TiX [Puzzle Programming] % &322V 12, &K
kDT s T I TICHRN DWW E SR %
¥ENT [EEOTv 7730738 LnwThE,
[Puzzle Programmingl (X T3 . | &\ 9 FH %
LTCLESTled, KkDTm s F7 I 7ITx LT
VEL FICEFE#RE G2 TCLESTLEB XN
L. ke, EBEOTw I I 78 EO X ) ITHIE
LTCWHD0%, 9D Loy <amiT 24
ERboletEZE2bD.

Q6 IZHBW\TIE, 2HFATIEIL, 22/AbETAK
D 66%, 3FEETIERNE EHHE 1, 2 DFIENE
LA EREDT R T T IV T ~ORGREEHDD L
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NANVEHWES 27 IVT a7 T 3 v FEM TR L S

(D L7z,

Q7 TIE, 2 HEAEITBWTIZEEN T4, HELW
5, L TCHEELW OELLNEEZEZTED, 2
EAICIIMENELTE-EB 2005, 3FEEIT
QIFELERD L [H 1) ERw) B EEN
EDS, 33%DAEGEN T4, HELW) A ZTEY,
ERAEMTICHEEL VA HET A0 ERD .

5. ERLSBRODEE

77V = ard Ul OETE, FRT7r—
M CoOFHmITR BT <, #M L L TOENT
X, AR T EOBLRICBW T —EDRENH - -
EERD. FE, a3 I IRV EANS
o TCa—HFolEKES 25 LITE
WTh, 77— MOFRERNO—EDRENH -T2
LW DN, TVBHIALTETa T v T O
RT I =y, BT ST I U TITRA R R
HYEE N 22 —FICHICOIF S RN/ TE
UL, B ELTEVEN-DDIZRD EEZ T
%.

FTo, A TIT T2 EBRTIE, #BREIZL 5T
LT EoMEEZ T RL, 1 oOmER LIREL
LCHEREZITS LT, #¥EL L TOERENE,
EVIORERDET OND. BEMORREEITS £ T

X, PO IR EERZITHOONE IS BEELEZ LT,

=PRI FORTWEREED 2 KBICE S &4
b Db.

Puzzle Programming] 7077 I vV 5ik
LCOHEBENEFITL, ¥, FiRR 0%
179 Z EMBRTIETE TV, S E VREL L
RLTEDLHFENPBMOAMACLLK 2D, L)
BREH DD, LT U RAEE 2T ETHREDIL
REFDZELAROBMETDH .

AFEZATOIZHT2 Y, FEAEESY - &%
BOF v 7L [UARREA, BRLOE/REORES
I, ERETOICHI> TITHIInT=72n iz,
CIRLTHEZRTD.
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