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Study on a “small steps” learning model for novice programmers and a

supporting tool for detecting “learning gaps”

Abstract: In this paper, we make two proposals for novice programming learners. One is a model for an
understanding process that learners can use while studying programming elements, e.g. loop structure. We
focus on the “small step” method, in which students learn few concepts per one program to avoid having
trouble with learning programming. The other is a tool named “De-gapper ”, which detects new syntax
elements of each program in programming textbooks. We think “gaps”; a lot of concepts to be learned in
a program prevent learners from understanding programming. Therefore we analyze the difference in the
description order between several C programming textbooks on the basis of our model with De-gapper .
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o ZBHDET: int n

o BRDT—FR: int

o BHEADEHRDRA:n = 10

o B n+20

o HIMIEE: Yd

o BAEDBEE DL printf ("",n+20)

int n = 10;

printf("%d", n+20);
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int i;
for (i = 0; i < 10; i++) {
printf ("Hello");

}

int i = 0;

while (i < 10) {
printf ("Hello");
i++;

}

3 C DR L DHil (for, while)
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int n = 10;

printf ("%d", n+20);

int n = 10;

printf ("%d", n);
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if (vx % 5)
puts("ZDEIZ 5 THIH INEEA.";
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31 | if (x% 5) if (x1 == x2)

3-2 || if x% 2) if (x1 > x2)

3-3 | if (x% 5) else if (x1 == x2) else
3-4 | if (x% 2) else if (x !=0) else
3-5 | if (x) else if ((x%2) 1=0)
3-6 || if (x1 == x2) else | if (x%2) else

¥/, BTIRE 7IRT X ) ICHHE L while DEefFns
Tdtfi] ! = -1) 22506 % %, HHfiEF T=, [ HEHOELS
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while(dt[i] != -1){
printf ("%d\n", dt[il);
i++;

}
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De-gapper IZEBED 70 7' J LxGiiiAt L &, HE
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1 [ report.html =
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& 001c Hinclude Gstdio.h>
L002.c 1)
@003 printf (*hel lo, worldé’);
G]004.5.c
&004.c
&005.¢ 4 new elements: (4 major. O minor)
- &]006.c
input &1007.c New concepts appear in 001
59008.c
program ol 0011 strts
files o1 001 -2: strrts => expr.stmt.
s 001-3: stmts = exprstmt = call
al01Le 001~4: stmts > exprstmt = call = attr arzs = literal
Gjo12.c
Ljo13.c
L014.c 002
al015c Hinclude <stdio.h>
&1016¢
p pein0 heml
- #f ("hel la, “): tm
oo pritet, (html)
& report.html it ("4

0 new elements: (0 major, O minor)

003

| Sinelude <otato >
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ZDY = VB RHEDOFEZIZHOHERTH %, De-gapper
BRERZFOFIZEIFN I TR COMEREzEEHETOT, &
FIRBABEOHIZ TR TOMEDFHI N T 2 MRS
5 ENTE S,

6.2 RE

De-gapper 13 “parser” & “checker” &\29 20D 7wy
T LSRRI TS, parser IZHFIEDTRTH 7 1
7757 7ANEGHL, XML 7 74 VORESUR (BT,
XML AR) &L CTEEZHT, B 9 I parser D ASI & HI]

2R, KOIRLEDIE 707 7 LDT T EBBE
BOY T R2EATHRY, TITWLETVED0, 72721
DORK DT, BBz DY rElTE I L
29 %,

checker 139 XTD XML K7 7 4 V2 EBEEICEH»NT

BIHEFTHNT %, Z20ZND XML ARD7 74 LT &
2, ¥ 7 DREERSED S AZ T 5, 7 & 21, checker
B 9DXMLAR7 7ANVERDIIICERT S,
1ist0101-1: stmts
1ist0101-2: stmts -> expr_stmts

1ist0101-3: stmts -> expr_stmts -> call
1ist0101-4: stmts -> expr_stmts -> call -> attr_args -> add

1ist0101-5: stmts -> expr_stmts -> call -> attr_args -> add -> num
1ist0101-6: stmts -> expr_stmts -> call -> attr_args -> add -> op
1ist0101-7: stmts -> expr_stmts -> call -> attr_args -> literal

ZDBIT, De-gapper 137077 MZE&EFNS “list0101-
17 %25 “list0101-77 OBz Z AL Tw3, Ihsiz7n
77 LSRR INDIEFRTIE AL ¥ 7 OREREEED A
NEIZ 72 > T\ 5,

b L, BNZAHT L7 XML K7 7 A VICE LB T0i
WARADHIUE, ZD/RAIE XML K7 7 £ )VIZIHLE T2
o7urIL50 THLOEEE) L L THREINS,

BRI C & Java IZWIG LT %235, Bl FEEISHIG L
7z parser Z Ml Z4UE, DO FEEIC S RHHICHIET 5 Z &8
TZ 5,

list0101.c

int main(void) { progran1fﬂe
printf("%d", 15 + 37);

}

list0101.c.xml l XML tree file

—--SNIP--
<stmts>
<expr_stmt>
<call>
<attr_name>printf</attr_name>(
<attr_args>
<literal>"%d"</literal>,
<add><num>15</num><op>+</op><num>37</num></add>
</attr_args>)
</call>;
</expr_stmt>
</stmts>
—-=SNIP--

B 9 parser DA EHT1DH]
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7. a6l

7.1 #11- Small Example:

SN E LT 9 12 L 7z “list0101.c” Z @D 71 7
T LETIHERHEID LTS, De-gapper X707 7 A
DFTRTORRAZFH L O&EE L TRET 2, Z1UERD
Itk 3,

e 1ist0101-1: SLDRAIDHI

o 1ist0101-2: LD RAI DA

o 1ist0101-3: XDEIEMEH DA DB
1ist0101-4: BIENFH O HH O INER D g DB
o 1ist0101-5: JIEADHF DD HmAI DB
1ist0101-6: MEXDOF D + HE T DRA DB
1ist0101-7: BIEEH O OERIEE T O RmAI DHl

ZOHEBHFOXOHIEIZR 10 1278 T “ist0102.c” TH
%, ZDLZE, Degapper IZXIZE I IT “list0102-17 225
“ist0102-117 L W HHHETH L wlE& 2§ %,

e 1ist0102-1 2°5 1ist0103-3: ZHDE S DI DH]

o 1ist0102-4: BABUFH D DZEE D A DB

e 1ist0102-5: fRADRLIDHI

e 1ist0102-6: fRADIEUDERTH 2 A DB
o 1ist0102-7: fRADHADINNMEXTH % HAIDHI

(vy=vx+10;)

o *1ist0102-8: JIERDFETTH 2 A DY
( vy=vx+10;).

o *1ist0102-9: JIERD D+ HE T DR DY
( vy=vx+10;).

o 1ist0102-10: MIEND DD HAI DB
( vy=vx+10;).

o 1ist0102-11: RARXDLIICEFVEFTH % )
D
( vx=5T7;).

L EEoH T “ist0102-8” ® “list0102-9” D X 9 I
*DVRHIZO VT VB B DIE, EREBZH L& L IZA
BRI, REROIE, EXIE T TIC 1ist0101-4 T
FHLTED, 1ist0101-5 & 1ist0101-6 IR D | fik
ROPTHEE TP EME ) 2 LB FATH L, Lo
T, RARDLEATIEH 205, IERD b C+HEHE T8
BEZDZE3BBIEHET L LTE 3,

DX BH L IEAETE 22 % “minor” OFTL W

2. D% “major” OFT L WHEREERZ LIZT S,

72 fl2-K&R:
Aol LT T7ur7 v 75iECI[6]D 1126 1.6
ffii ¥ T% De-gapper T L 72, FERZR 31T T
De-gapper Zffi9 Z £ T No.3 % 26 D major DHT L
WHERDEFEL, MO TEC DX vy 72F>I Lot
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list0102.c

#include <stdio.h>
int main(void) {
int vx, vy’
vx = 57;
vy = vx + 10;
printf ("vx
printf ("vy

8d¥n", vx);
8d¥n", vy)

}

1ist0102-1: decls

1ist0102-2: decls -> decl

1ist0102-3: decls -> decl -> attr_declarators -> declarator
1ist0102-4: stmts -> expr stmt -> call -> attr args -> var
1ist0102-5: stmts -> expr_stmt -> let -

1ist0102-6: stmts -> expr_stmt -> let -> attr_ left -> var
1ist0102-7: stmts -> expr_stmt -> let -> attr right -> add

*1ist0102-8: stmts -> expr_stmt -> let -> attr_right -> add -> num
*1ist0102-9: stmts -> expr_stmt -> let -> attr_right -> add -> op
1ist0102-10: stmts -> expr_stmt -> let -> attr_right -> add -> var

1ist0102-11: stmts -> expr_stmt -> let -> attr_right -> num

B 10 2 oHOHIE (WO TEYT 3)

No. | fii BL oz A DB
(major/minor)
1 1.1 4/0 printf ("Hello, world\n");
2 |11 0/0 B D printf
3 | 1.2 26/4 int 2% and ”while” X
4 | 1.2 1/2 float ZH
5 | 1.3 6/22 7 for” X
6 1.4 1/0 #define
7 1.5.1 | 2/0 c=getchar();

(BIBOTH L DR D 1)

8 151 | 3/4 c=getchar()

?while” XTOFMARICEIT S

9 1.5.2 | 3/1 AT IRV E ++

10 | 1.5.2 | 3/1 2 %o 7 for X

11 | 1.53 | 3/5 if & FER

12 | 1.5.4 | 10/24 else & || AT

13 | 1.6 15/17 % & &g T

K3 K&Rbook D 1125 1.6 TTHOH LR

holz, ZOWIEDOHNCIES K DFITET % 7’0 7T L%k
BTHHD, ZOFX ¥ v 7i& De-gapper #ffir7{ THMH
LIPTHDLTD, TITIEZRIZODVLTGRERWI EET
%, TITIE, HTLOBROED 10563 v KIHIT,
7075 LDX vy TOEDDE L, HEDE L v EEZ
5% Nod. 05 No.1l FTICHEREZHTTER 5,

No.5 13T L WIERDOEDI6 &0 X v v 7%, B 11
i27'v 77 2. Nod & No.b 24T, No.bid for XD
DOHETH D, KD L S 7% major HH L EEELH 5,

005-1: stmts -> for

005-2: stmts -> for -> attr_condition -> comp

005-3: stmts -> for -> attr_condition -> comp -> num

005-6: stmts -> for -> attr_initializer -> let

005-12: stmts -> for -> attr_loop -> expr_stmt -> call
-> attr_args -> mul

005-23: stmts -> for -> attr_increment -> let
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#include <stdio.h>
/* print Fahrenheit-Celsius table
for fahr = 0, 20, ..., 300; floating-point version */
main ()
{
float fahr, celsius;
float lower, upper, step;

lower = 0; /* lower limit of temperatuire scale */
upper = 300; /* upper limit */
step = 20; /* step size */

fahr = lower;

while (fahr <= upper) {
celsius = (5.0/9.0) * (fahr-32.0);
printf ("%3.0f %6.1f¥n", fahr, celsius);
fahr = fahr + step;

} No.4

#include <stdio.h>
/* print Fahrenheit-Celsius table */
main () NO'S
{
int fahr;
for (fahr = 0; fahr <= 300; fahr = fahr + 20)
printf ("%3d %6.1f¥n", fahr, (5.0/9.0)* (fahr-32));

B 11 K & RA®D while XD 7074 E, RITHTL 2HB0D
for XD

No5 D L) I for XEH¥RE EIZ, ROMEE2WHI 3

2R,

e 005-1: “for” XHIF

o 005-6: XL DESY
e 005-2: XDEMDH Y
e 005-23: XD DE

D O L W, 005-3 £ 005-12 1ERDED TH 25,
ZN5E for XDARETIEZ 0,
o 005-3: SMFADTOEEDIRAIDH: fahr <= 300 .
o 005-12: PAEHL L o 515N O B D 5] DB
printf("%3d %6.1f\n", fahr, (5.0/9.0)*(fahr-32));
HRFEDFEH L Nod (while X) 2HF Sz 707
LELTNob ZEHEWETH S0, HHOWERIZ for XD
REWRIBITICRENETH S LEZ D, 7. Nod ik
B9 2 HiPH D2 1ower, upper, step, celsius ZEFK L
TWLBDICH LT, NobsZZzhsiFfibnTnin,
NoxEEL, Nod LRI—DWNE% for XTEEHZ 27
077 LR 12 D& )it s, b L, ZOHEA No.4
& No.5s DRIcH o774 5, Nod 2582 25 L W&
LU 5EICE# % 5,
004.5-1: stmts -> for
004.5-2: stmts -> for -> attr_condition -> comp

004.5-5: stmts -> for -> attr_increment -> let
004.5-10: stmts -> for -> attr_initializer -> let

004.5-13: stmts -> for -> attr_loop -> compound_statement

004.5-13 (& for XD 7' 0 v 7 ITEHBD X E £ iz o
No 5 IZZWHT L WBEETH 5, 004.5-13 1)l & LT, &
DD A4ADDH L BRI for LORBENBERICHEY T 5,

ZZTARLZEHID X HIZ, De-gapper (&, HEICHEHEL W

ERDOLNZGIRICOVTIE, A EIL v EHERHL T
280005, BMEDZ EIZLD, De-gapper Zffi) &
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#include <stdio.h>
/* print Fahrenheit-Celsius table
for fahr = 0, 20, .., 300; floating-point version */
main ()
{
float fahr, celsius;
float lower, upper, step;

lower = 0; /* lower limit of temperatuire scale */
upper = 300; /* upper limit */
step = 20; /* step size */

for (falr = lower ; fahr <= upper; fahr = fahr + step) {
celsius = (5.0/9.0) * (fahr-32.0);
printf("$3.0f %6.1f¥n", fahr, celsius);
}
}

B 12 K&R A®D for XDOBHOH & U TIRET 24l58M07% 7a 7

A

KD EBFFTE 2,

e De-gapper 2ffi9 % D7 vy J 406 HEINIC
¥y 72T ENTES,

e De-gapper 3B X 2MIDHFIF RN X vy 72 H
DI BFEVE L, degap (¥ v v 7OMICHH 7o
775 MET D) ORE52 5,

o ffi97mT I L% ANTHET, De-gapper ¥ ¥ v 7
PINSK e I BIERT 52 LB TE S,

8. EHLSERDFRE

KA AE—NVAT Yy TOEZHFIcLbs7Tur73v 7
HBEX vy TRADT Y —NVERE L, /. B
EVLHEAVBFEERLEREBE L LY 2D %E, V- %
FAOWTHRETES Z LEMER L7, SHBIZ, FEHELEY—
NEHEIEEIEEELITNS

T 77 LHOH L EZROEIEE v v TOEIITHIC
W4 2 01 Tld7e >, De-gapper TX v v 7 DGR
t?iﬁ@u1w5%%®¥vv7%%&?%%%%ﬁ

Xy THEOREEZ EIFTn 2B ETH S,

ﬁf@% Tk, HLOBERONAEIZ XML D8R &L
TERRENDG, LL, BWCFHHLTLS I DI
I, %h%ﬁﬁ#b’*@?wE,.\\ﬁﬁéfﬁTT%M»ﬁﬁb%6
Fo, BEDFETIIAREIT YT LLDORIGIRIEN
Tk, FERMIZIE XML SR EH L&, 7ur o
LOFMTBEH L TRREINZ LI BA VI T2 —AD
BEEITI TETDH 5,

I o, FEOMBEEZTAET 5 2 £ T, HBEREXIC
T RECEFEDOBIRP R ERGE 2 BGEE L T PET
b5,
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