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A Visual Interactive Environment for Programming Learning

YUTO KAWASAKI™'  YUKI HIRAI"! KEIICHI KANEKO'!

Nowadays, the programming language C is widely used in industry and its skill has become very important with every IT
engineer. Therefore, it is taught in almost all IT-related departments of universities. However, the programming language C is
very difficult for learners to understand all of its skills. Hence, there are some systems that support learners by visualizing
operations with variables in a sources code. In these systems, the learners have to modify their source codes by themselves when
the behaviors of the codes are not correct. These systems do not support learners’ code modification, which may be arduous for
novice learners. Therefore, in this study, we aim to develop a visual interactive educational system that has a function to suggest
code candidates that reflect the operations intended by learners.
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Figure 1  Visualization of a memory space in SuZMe [4].

line=5 for(i=0ji<n;i++){ I int mainQ{
line=12}% 2 inti=-1j=-1;
3 int=0,n=0;

4 scanf("%d",&n),
5 for(=0ji=n;i++){
6 for(=1j<=nj++}
7 t=is;

3 printiC'%d"D;
9 1}

(10 printfin‘);
11 }

12}
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Figure 2 Visualization of a block structure in the system by

Imaizumi et al. [7].
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Figure 3 Window layout of the VIE system.
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Figure 4 Drawn objects of variables.
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Figure 5 Drawn objects of strings.
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Figure 6 Provision of a code candidate.
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int main ( void ) {
int i ;
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P=&i;
}
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Figure 7 A highlighted statement being executed.
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Table I Codes generated by user's action.
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Figure 8 Procedure of the evaluation experiment.
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3 IN—TAKTDHT A MER
Table 3 Pre- and post-test results of group A.
FHIT A b FthT A b ko)
a2 4.78 9.00 4.22
IR 7 2.94 0.47 2.97
F 4 TN—TBICHTDHT A MER
Table 4  Pre- and post-test results of group B.
HETT A b HET A b (X6}
R 5.71 7.86 2.14
FEHEAR 72 2.60 0.83 2.42

x5 BAZERECHT 23— P2 SEL0E
DEREFER (7 V=T A)
Table 5 Pre- and post-test results of group A on pointer

operations.
EHHTT A b FHT A b fipr
S 2.11 5.11 3.00
T e AR 7= 1.79 0.31 1.94

£ 6 BAFZEEIHT 23— FeBEASELHME
DGR (7 /V—7 B)
Table 6 Pre- and post-test results of group B on pointer

operations.
HETT A b FHT A B ko)
Na2) 3.29 4.29 1.00
IR 72 1.67 1.03 1.41

x T FAZORTERLBOMERELEZSED
RIEOTRAAER (T v—7 A)

Table 7  Pre- and post-test results of group A on values of
pointer variables.
FRTT A b HHT A b flr
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x 8 HA IO ERLBOMERELEZSED
FIEO TR SR (7 v—7 B)

Table 8  Pre- and post-test results of group A on values of
pointer variables.
FHIT A B FRT AL ko)
¥ 243 3.57 1.14
T Y 22 1.05 0.49 1.25

LN TERWERLRY, M7 A—TICBIT 5B 85T
EAWMTHD ERE L.

UbEND, V=7 A L7 V—7 BIZBITAHFTT A b
DY EICHBEZN S DN E I MEFRD D, Zhbic
DWW, [l 7 N —T" DWW SIS EN R &0 D I I
WXt LT, t REZIT-7. 758, WEEIHEZEHTD

—148—



:kﬁ?%ﬁ%#%k&otwaf7W_fAk7W~
T BIZR T L2HAT A FOFEFIZE L THEEITRD
T, MERTHIRRIRE R 25 Z AR L.

FORED, SV—FA LTV —F BIZBITLHERT A K
EHGET A MEO SO LR A (L, TEREOMTY &R
T) OEBHEICARENDDINEIDEMRD. T,
Shapiro-Wilk R EZ 1TV, L —T A &7V —7 B D EHK
OO ATOREMIZIEREEZ RO RELEZ. &5,
FREZEIT, J—TF A L T —T B O A DM ONA
OREMITESMTHD EIRE L.

UbEND, 7= A L7 —7 BIZBI 5 8EOMO
OVHEIEBEENSDINE I DEFARDLT-D, Zhbic
DWT, Tl 7 =T OO OO FEEIZ N RN &
WO IR IEERAIZ LT, t MEERIT-72. ZOREE, niE
AT HZ N TE o7z (1(14)=1.44,p=0.17).
Y oT, ZIN—TA L7V —FBIZBIT5EEOHMODFE
BIEIZE L CTHREZEITFEO T, W7 —7HIZB N T
FEHRICEEREN DD LT 22D 0Tz,

6.2 TAFOSBARRICHT EBHR

MBS BN LR ER 5 bR 8 TRLT.
’®@%%%k’,%ﬂ%ﬂ@ SERNZ S V—TF A LT
N—TBIZET D RBOMOOEEEICEEEZNH D 0E
MEPFRD.

621 T H5a—FEZEZ S HRE

BECRIT D a— Fa2E5x S5 (MEEE 4~9)
DEFFE TN DWW TN 21T 5 .

EP, IN—F A LI A—F BICBITLHT A O
FEIZOWT, 6.1 Hi & [AAERIZ Shapiro-Wilk #E, F MRE, t
MEEToTZ. T25&, ML RERD X AR E
o7,

FDED, TNV—T A LT NV—TF B
OFEVEICHBZEZN DD NE I DERRD. 7, I r—
TALITN—T BIZBITHRBEOMRIONT, 6.1HiL
[A##(Z Shapiro-Wilk &, FRREZIT~7. $2&, Z—
T AL TN—TBDOEEOMODRERITENENIERNE

B o REDOMHEY

FIRETE, 08 THD EMELE.
PLENS, ZVv—F A L 7L —TF BIZBIT D880 MmO»
DI BBEZNH DN E I NEFRDL 0, b

DN, Tl 7N —7" O RO OO FEEMEIZEZN e &
WO IR IEERAZ LT, t MEEAT-72. ZOFREE, niE
ﬁﬁi%ﬂén(umyﬂzsrﬂmﬁ IN—F A LT
=T BIZHEIT D HBOMOOFEEIZE L THEENR
Doilz. Lo T, MBI 22— F2& 2 ¥ 2ME)
DWW THEB 7 N —7 BV CTEE D RICHERERER D
HEWzb.

AREITHNT LTz TEAEICH T 5 a— F2& 2 SH 5]
X, RVATLAORMTH D a— FEMZRTHEEICX
TEETLHILOTELZHEHMTHD. Lo T, ﬁ“”%i_
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D a— Mz RS E s Z gk, EEZHY
L&D ORRFE AT LR TEILEVAD.

6.3 RLAVEOBTEPEBROULBTEEHA S
+5mMA

AU EOETHRXOEROEREEE 2 X 5ME (M
A 1~3,10) OEFFERICOWTHTEIT S .

P, IN—T AL N—TBICBITLERT A FDE
RIZOWT, Zith RBEMBPERELES] &0 o lF
WA LC, Shapiro-Wilk MEZ1T-7=. +5&, 7
N—"" A, ZNV—7 B GBI DNFER SN DRER &
Rolz. KXo T, A=A LT N—TBICBTLERIT
A MEESH OFRFEFITERMEZ RO L UETE /2.

FoT, tRREZHWAZ R TERWD, K7 L—
T DEAEDNEALFNZ ZA 2] &0 D IR IERFIZ S L C,
<0“T4y%:—@Uﬁﬁ%mvwgﬁw—fAkﬁw—
TBIZBIT D HFERAT A MNMEROIEMNFIZERENH DN E
IMEPFRT. TDHE, WEMREFERAT L ENTER
WiER Lotz koT, V=7 A LT A—TFBITBIT
LHATT A OB OIBMANCE L CHEEITRD b
WEWNZ, ﬁﬁimﬁﬂ%kﬁbzé

FDRED, TNV—T A LT NV—TF B
OVHEIHEEENS D20 E D DEFAD. mik & FERIC
Shapiro-Wilk fREZIT 7. T5H &, Z—7 A 3w
MAEHIESN, V=T BEEHINRVERE 2T,

roT, tREZAVWDZ LR TERVWEYD, 7 L—
7O EEOMOONEM AN EDR 2] & D I AR K
LT, vV Fh Ay b=—DOUREEHANT, FLr—7A
L N—T BIZBITDHRBOMODNEMFINCHEZEDR & D
MEIDEFAT. ZORER, IWEGREFERNT L2 LN
T&7emolz (U=320,p=099). £-T, ZFL—T7 AL
TN—T BIZET 5 RBOMODIEAFNZE L TAHEZEIT
RBOLNT, W7 L—7HICBWTEEDRICHAEREN
HHEIFNZ oz,

KETHAT LTz TaRA > Z OFFT Rl & 2%
iéﬁéW%Ji R AT LD a— REad 2 e

CRoTHEETHIELEOTEDHEATHD. 207D,
a% ,_®%b%%mf z%ﬁot_%bbbgﬁ,
HEELANEGG L OFEDRICENE L2 LTV
:km&é.L#L&m%,&w—fAM$%?be%
FOMREN AR TATHLIOIZKL, Z7v—7 B Tl
TAF 4 NEEEDELS o TWE. Zhbhb, VAT

LK D FEHDROMER/TOEND LV KD,

7. 8bYIC

AWFGE T, FEFIC X D o bEEO#IEIZIS T T,
FEHEOBEXTL28EL SEDEDOE LWV — RERR
THIELICE D, REENRFEEEXRT D5 AT LB
L7-.

B o REOMHY
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FEICLHHEE VAT AL DEEICBITAFEY
ROENERFET D720, 16 A\OEBRBINEEZ 2 7 Lv—7
W2 TC, FHEEREZIT 72, FORE, WA v FZEIEIC
T HaA— FEE2HMEICH L TOL, FEELET.
Fo, AU ZORTEROEROMER EEE 2 ST L8
Wt L R RE T 5 N TE DR o T,

A AN, 9 60 430 &0 ) FO RN TOFMIER TH -
228, POHIEOERM TOREBRORIEICE Y E -
7. Fi, ERSBNEFICEMNT A bOBEEEMN L, BY
EITOE D 2L THEEEITOERN, ZOFETIIAREN

PRI REN D ETEZOOEDLEZEZ LTS,

A0, IRHEFHOEMMICHhZ 50 L O%EEE2{ThE
572F, LV BRBWIEHEERO FEIC O TREF L T & 72
V. F 2, AEBEOR U~ v A BRIETH - T, BE
ENBRTAINENRRDGERHS. 0G50, a—
RORSTEREOLERITOVTHERF L TV 720,
S%IE, FVEDCERBT T 7 IV TOYFEIZY
AT LEFALTHELN, KVATAZHR LT, X6
7R KB T 2RO B L.

AR N0 T2, SRR KR, & M2 KR
WOEEFRT. AWIEO—EIL, B EGHD& ST
72 (B) 25870207 12k 5.
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1 #include<stdio.h>

2

3  int main (void) {

4 char *p = “blue”;

5 char *qg;

6 char word;

7 char colorl[ <W> J="red”;
8 char color2[6] = {‘g’,‘r’,e’,‘y"};
9 p=p + 1;
10 <A>
11 <ix>
12 <lz>
13 <IE>
14 <~>
15 <& >
16 word = *p;
17 return 0;
18 }

(1) 44THOFRA X p I &L TWD 0 ? fERICE
zZ L.

(2)  ZEW<W>ICANRD ZEDTE D HR/ANOEFILM
e

(3) 9FfTHODH, AA VX pldfilEfEL TV D2 2L
TWHEDEEZEZ L.

(4)  ZEW<A>IT—30z, BHl color2 ® 1 DHD
TR (RYIOFESRE) IZES color2 @3 DHDHEREZRA
&

(5)  ZE<IE>Ic—3mzx, EH word IZhLH color2
D 4H5>HDEHFEZNRAY L.

(6) ZEM<IZ>IC—30MZ, KA ¥ p N ATHOX
FHY T T "plue” D 4 LFH e’ T L O ITE L.

(7) HRA % ghEds color2 DEHEREZIET L 5,
ZEM<IZ>IC—OMA T2, ROP NG, ELWH DO
FEETES (BN 1205585 5).

7 :q = color2; T :qg = color2[0];

A :q = s&color2; 4 :q = &color2[0];

7 :q = *color2; X :q = *color2[0];

(8) ZBITARA ¥ ghlidd] color2 D3I DHDEFR e’
ERET LI, ZEM<~>IZ—3Mz7zv. kRofinb,
ELWbODRFE2ETET (FAB1205505H5).

7 :q = colorl[2]; # :g = *g+2;

A :q = s&colorl[2]; #7 :q = g+3;

7 :q = *colorl[2]; ¥ :q = *qg+3;

T g = gt2;

(9) EBITHEA U H phfRd) colorl ®3SHDEFHE A’
AT LI, ZEM<E>IC-30ma L.

(10) BTOZEMPEES> TV DIRETT RS T LEE
TLIZHE, 161THDRICEK word IZA > TV EEE
zZ L.
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