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Programming Learning Support System based on Visualization by Experienced
Programmers” Perspective

Noguchi, Yasuhiro
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For the field of programming exercises, | have developed a learning support
system that provides visualization with experiences programmers® viewpoints suited for programming
learner®s own developing source code. | have developed visualization model for typical viewpoints
used by experienced programmers, synchronization function for visualizations of multiple viewpoints
based on the executing step in learners® developing source code, and customizable rules for these
viewpoints and supports for the learners. | have evaluated the system in 3 classes (54 people / 108
people /7 117 people) about the effects of visualization and functionality of the customizable rules.



B X C—19,. F—19—1, Z—19.

1. WFZEBIA Y DY =

W, a7 I TEe T s I
TR W T bILA PR EE A3, Bk
HEeEn—BELTO—k#HEL L TEET
HDEOEBNPHROIIRE->TWND., =D
T, THEREINORMERRIE EREE 2 0T B
N7 WFERFIZHT DLV RN Tm s
TFIVIHBEN) 2T bR ETE VR
TLADORENEH SN TS,

R Aol s G = 1) B SV N B A
VT DR E g & LTl E SR
AT DA% LYY, &b CIEEE L
T&72., ZORThH—RNEEFE-TT e s
SV TFEEDRNCT AT XAEFEET5H
FEEIEL, XOEMNICT LT XLD
RO ZHE T HBRECEZIELT-.

ZORER, BOWHRETIIT AT Y X AD
RHBENZ+RICBHCEFEETH-
Th, TOTNIAY AbERGE Liza—T
4 T EBRBEOEE LB LM ENTTH
HEELZRTCERVWEN—ERTFHET D
LNy hol-. FLT, TNLDO¥REELT
0nJ 7V TEBEOENTEARE LT
WHDO TR, LD 3 >OREND a2 —
T A TEREOFRE THITL WD ER
o TE T,

EWHISECOT AT Y X AOWED EU
OHfig L, FEL L TOEIEVOH
fite DB KE XYy v 7RHY, 7n
7T THEEICITE ) TR A S
EM A EZEOSIT B2 ENE LD
&

BRI T — A et e Li=7 13 X
LOWHFNOEfFEL, [LEOT —HIT
)it UCE DOIR D %2 FH 9 5 — i1k
SN v T T AREEDOBR L ORIZK
XXy TR, TulII T
FHIIZH N THEEZFEORDT L &M
LW L.

TNy THFEBEORE 22k, XJTD
JRIR %R e D708 B+ &%
[RETHZENTET, Ynrs3v7
WRFFITFREL XAV TO RN TAT R
TT—ICHILTCLEIZ L. FLT,
BECHE L2 1T T omWHhgRETcH T IV
TYXLDRDTENE, TOFEEL DR
FROERITEIITE 20N b

EEEOFEFRTIE, ZENIT LTV X LR
075 AEEEL VTR L, EEITF
DT NTY X T a s T KFEEOFEE O
THEHT DB, 2L OFEFALN
FIELASALTHESTVD b L, BBIEZT
THMLIEITIToObD DX vy v FICEL
TG, FIFEFEZ IR D729,
FENS— IR T B Z EirEE Ly,

2. WHEDOHK
ABFFERRE T, HEBICBWTEEER S

CK—19 (Jtm)

DL TWDL T ST AERRIC, O
077 AORMICAEDETC, BT n s I~
(Zehim) DSBS W D RS TomE L%
UL 2 R EH TR AT AEBET 5. 0
FERLXE VAT A ERBT 572012, LLTD
3 MOFREICE Y M.

(a) SR 7o B OB FALE T L OREEE
Tur T I IEREOBBIZEBWT, B
a7 T~ (Bl 2S5 R 2
METBEN (Y—RAa— L~ 5F—
HETIL BAHENOETIL « AFEY DR
BRET =T 7 F ¥ I EKFTH L -
TRy TOETINIGE) ITET LT 5.

(b) B AMRRLET L OB
HEFEOFE LT Y — R a— REFHS
Br« BIFOOHT L, a2y o3y Ve
DOHEE @) OFFTACHESX, BB
GV ORRAEITY. ZNHDORRD
KHhG L ~ L OB EALICHE I D SIS
(Bil: EATAT v 7O/, BT — X s
DO, AEY EoF—2 R E) Mo
RAERELT AET L EMEET S,

() PRI A AR PR SRR BE DS

B EFO R HZ ORI E, R HORF
HFo Y —Ra— Rk 2§08 - 8inY
IhTL, FEREOa—T 4T TRy T
ISEhOHCREFR L, Rz L= (a) DR
(bEF VOB EDLEE L —2HE, H
TALETNAFRDOT 3 — N AT HE el %
RETOHEEERT D,

3. WFED ik

(1) — TN X Fal 57
BOREMERT S Y — 23— L, WU
BTHoTHLHRAETLICE AR D, 72, V—
Aa— RIZEENIHRBEMCNT L TET
BT D, HE-T, YA I /ER
L7zATA RIZEENAHTALO AT
2T, BFAEABEMMER LY —Aa— RD4y
WaATHO BEND D, EEEOHE - #HE TH
WAHBM 255 L LT, 00T L05EEN
ERIMER LT Y — A a— R GABRiEoNY
HARETy) AT, HMEMLO T m ST R
VIR EREATERFGAEN, e s T Iv
THFHE DY — A a— RZE £h 5 el
DOFEPTN T DIEIEEZ{TH T, TNEL)
REICHAT 2R EITH . TOREE LB
FE2SHTL, T asI<nHWDIRE R
TALDOET NV EHGTD.

(2) HEE LRl S okt T L
RS E LT, BAAHAORALIZIHBNT
62 &l S 2 BRI TR
HHFTACET NV EMET D, —RICR 54
G, R AME (V7 N T OG- 1
& RAHM) AL LB, £ kBT
AWS2MAEAT 1 % 1 THIGTD



ZEi3A e, YGRS TA IXARSEED
FAZAM TN A RN S OET LM O -
L—H%EUT 2R o= EZ LTS, 1
ST, YA TA IZ X DS L -
BRALET NV E AWTZEHZ ST L, KA
WoOR%EET VLT 5.

3) TOHHEEMOHET LI vT e s
LERRY, FEEAHORRET S a2— R
FRANZ EDITICE O MANRR SN D 0%
BETDHZENTET, £, THLARNA
THEENDHAREMENRSH L. BT n /T~
DR % BT 8 FH D2 — RO AR
BELCH X 272012, i EEOFHEX
WCHESWT EROBRTALE DAL <A X T
XD AEZBRR L, HEBIS CORME @
LT 44— KNI %&2F5.

4. HFFERHE

(1) B @RS T D=0, IERE 4R
SRORFALDET VEMEE L=, TOHMNT
ORFfbEFLE LT e s T I TR
FTBUAT AR L, FEBAETHHLT
DOFMZ1T > 72, G LV DRSO
HALET VEMNGE LT, 22REODIZT
FORRREEEE L.

T

e

mark clalc
k0] mark{1] mark(2) mark(3) mark{d] mark(5) mark(5]

B 10 R VNV DR BODOAHLET NV

9 e 1 —

4203520 |const int{(*)[7] | data -
4203520 int_| dataf0] | 10
4203524 int | data[1] | 15
4203528 int_| dataf2] | 20
4203532 int_| datal3] | 40
4203536 int | data[4] [ 55
4203540 nt data[5] | 62
4203544 int_| data[6] | 8O
2665552 int | key 20
2665532 int | low 0
2665528 nt | high 2
2665524 int | middle 1

X 20 7—F T 7 F X REDOAE Y AIET NV

(2) FE D) ITHINT D720, EH (o) THE
HLIESHEORTALE Y —Aa—FD A
T TRITORESICE LT d 5 >
AT AEWFE LT, ZOVAT AT, HHA
THRELENTEZETRE Y —Aa—FRDXT
v TERAT O S & ISR LRI 5
ZLENRTED. F2, FHEETHRML SN
FRICBWTEEEOEN LA T V27
MZoWT, ZRISHIET 247 V=2 b2

B O TREALSHT-ERITBWLTH A
HWERT HHERE A FFO,

1K 2 o|RTALISIZ TR &L L E
N—T Tl P eRg L L TREEKIZBWNT
FHI 2TV, EORRE MmO, Fa¥
F@O®IZ T L7=.

(3) FE ) IITHIET D7Dz, AT
OUEHE L7 (FDOITTED X S R 21T -
TWA L ZREANABERER) VY —Aa—FR
TiEel, FEERBGVNHB DY —2a—

FaERgRE LTCRIfbEIT2A D LI R
T AEIELEZ (K 3).

BEfF O ERRE) S T 22500 (X 4)
ZOAT L. Ok - B IRV THAEI R
ETHHERREEABRTLIENL DRI
DOWT, WYL E XA v — T a R
IRTE DX ICHEBERLB L — VDKM
SR N F DSOS REZ LR LT,

OBBB0EGE

B 3: FEAE = — Fxfjix TEDVIT

WAE L7V AT AMZOWNWT, 3 O0% (A
(WA V) ©54 4 +B (P 1) 1108
% - C (PfRFEMIT 2) (11T £4) Zxtg b L
TR ATV, BEFEEOFTEEFIC
FoTaERENTET 2l T AOREALO W
WEFHMEI L& Z A, 1FE A EDFEBIEBWY
TRYMEDOE (FAIOER LI=7 v 75 L
(%95 AIRAL & [R% 0w RAL) AT G AT
2D ENMERTE T, ZOREITFRHER
DIz THE L.

e T mmmmmq

X 4 BFEEBRRFOFEEa—F (G Of]

4) BEO) ST DICHZ>T, AT
0 J I vOHREBMNFEEED— KD
AIRALIZER L CTH 2 280 a A F 3 EM T
ERVEDOTHDHZ ENPLMNI -T2, =
ORIEICKHST D720, At b —r 0tk
EYVR— T4 =3V 7Y —1 (X 5)



FEIR L, HANCIRME L. oYy —idr
— /% GUI BENGARTE 2 L4z,
ME 22— VBT D isEtkre 2 695, %
BELG TR % vk Ly — v o5k 13
\ZHOWTC, =BV 7Y — AR5
A EFIH LaWia T EML 2 L 72 /5 587,
F—=H Y TV — N EBFHTBHI LT 20%
BEDONV—LFEIRNEON L2 ERET 5 Z
EMTE., ZOMRIIFRIHEEOITTHE

K 5 AIf{LLV—A—F Y TV —u

(5) bk (1)-(4) ZBAFRFAMT DIZH T
T, “TRNYJHHBORE R EICLY, T
DFEHNZHET D70 EH T EHPHE
[RETHZENTET, 7'mnrI7 I TH#k
FHEITEELANALTCORNIA T R T —
WG L TLED” FHEIOITZEHEL O
RO 2402925 2 LN TE7z. £ T,
TETHT NNy S a2 jE-T, F8E
MWTFE Ny Tt A EOH ORI E R
LAENRET NNy T Db ENTEDHY
— V= " R—=Z2DFXEV AT L (X 6) %
BRZ L, SliEITo7-. Z ORISR RE
©®©THE Lz,

SYslem Messags! COB SN NMRTSRFESAEL &5

Aye—TYT

O FLOREED R
1)

TS FOEA

T
Ll AT

..l:

% [peblscmssat{ 00000 pleaven )
s m

FLEET (ERIAT
e — F5y IFIR
Iy

uisiie static vt main{String angs(1}
It a8, e s

® jnc i java
3 jowa a1

aAr/—nzx )7

X 6 Ty 7Tk REEZEOH

< GIRSCHER >

@ K. Yamashita, T. Nagao, S. Kogure, Y.
Noguchi, T. Konishi and Y. Itoh: “An
Educational Practice Using a Code
Reading Support Environment for
Understanding Nested Loop”,
Proceedings of the 22nd International
Conference on Computers in Education,
2014.

© R, NEE, BOUEE, LR
—, /NP, DPEGEZL KRG
B0 7 L0 EHRTILT D
B OVERCARBREL”, 2 39 [EIEE v
AT I O A E R 2 R T A AR,
pp. 77-78, 2014.

® Y. Noguchi, T. Nakahara, T. Konishi,
S. Kogure and Y. Itoh: “Construction
of a Learning Environment for
Algorithm and Programming Where
Learners Operate Objects in a Domain
World” , International Journal of
Knowledge and Web Intelligence, Vol. 1,
No. 3/4, pp.273-288, 2010.

5. ERRERLE
(BFFEAREEE . WFSE 003 M OV EERFZE 12
ERN )

GEiEams) G114

@ K. Yamashita, T. Nagao, S. Kogure, Y.
Noguchi, T. Konishi, Y. Itoh (2016).
Code—Reading Support Environment
Visualizing Three Fields and
Educational Practice to Understand
Nested Loops, Research and Practice in
Technology Enhanced Learning (RPTEL),
11:3, pp. 1-22, DOI:
10. 1186/s41039-016-0027-3. [&#HA]

(Fa%ER] GH7H)

O FEKXK&, /HEER, NEE O
VR, I W, PR SR (2018)
KGR L THEEE T v T LD
EHREALT 2 FE RS AT L DOE,
B (e .

@ R. YAMAMOTO, Y. ANZAI, S. KOGURE, Y.
Noguchi, K. YAMASHITA, T. KONISHI, Y.
ITOH (2017). Learning Environment
for Recursive Functions by
Visualization of Execution Process,
Proceedings of ICCE2017

® K. Yamashita, R. Fujioka, S. Kogure,
Y. Noguchi, T. Konishi and Y. Itoh
(2016. 12). Learning Support System
for Visualizing Memory Image and
Target Domain World, and Classroom
Practice for Understanding Pointers,
Proceedings of ICCE 2016

@ D. Tezuka, S. Kogure, Y. Noguchi, K.
Yamashita, T. Konishi and Y. Itoh
(2016). GUI-Based Environment to
Support Writing and Debugging Rules
for a Program Visualization Tool,
Proceedings of ICCE2016.

® ERRECR, NEE, B oEs, g
—, JNPEER, PHREEZR (2016).
SR/ AVNGE: S o TIET ) =AE a7
DWW THREAT 57 E IR O L
&R EICBIT DIEH”, B



[EE==0Eht

R. Yamamoto, Y. Noguchi, S. Kogure,
K. Yamashita, T. Konishi and Y. Itoh
(2015). Construction of an
environment to support learning
systematic debugging process with
Worksheets and Synchronized
observation tool, Proceedings of
ICCE2015.

K. Yamashita, R. Fujioka, S. Kogure,
Y. Noguchi, T. Konishi and Y. Itoh
(2015). Educational Practice of
Algorithm using Learning Support
System with Visualization of Program
Behavior, Proceedings of ICCE2015

(&) GFofh)
(PESE R EEAE)
Ok (G0 )
ORI (G0 )

(& D)
AR I

6. WFIEiE

(1) WFgEfR s

B vEvE (NOGUCHI, Yasuhiro)
i PNE I e o A
&K= : 50536919

Q) WrFenE 7L
(3) HHENIES 7oL

(4) WH5EtH 11



