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Research on programming skill hierarchy

MITSUO YAMAMOTO, ! TAKAYUKI SEKIYA T2
and KAZUNORI YAMAGUCHI'!

Even the learner who cannot write the code is shown the sentence that ex-
plains the function and if the sample program is imitated, has the person who
can write the code. Then,It proposes the skill that does the correction remodel-
ing from the sample program as Modification. The proposal skill is repeatedly
assumed to be ”Modification1” and ”Modification2” by structural presence.
And, the skill related to the programming that exists in the paper 1). Mod-
ification investigated at which position by eight skills that added ”Basics”,
”Sequence”, ”Tracingl”, ” Tracing2”, ” Explain”, and ” Writing”. The creation
of exam questions does the problem that each skill can be measured to the
investigation. The measurement experiment was conducted, and acquired data
was analyzed. As a result, the Modification has understood it exists as an in-
dependent skill though it is not necessarily complete, and the skill hierarchy is
comparatively located in the subordinate position.
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Fig.1 Hierarchy of skill related to programming(Hypothesis)
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Fig.2 Hierarchy of skill related to programming(Quotation from paperl))
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if ( sWord.charAt(i) == toCount)
for( int i = 0; i < sWord.length(); i++)
return count;

int count = 0;

m O Q © =

public int countLetter(String sWord, char toCount)

F. count++;

(3) Tracingl
gooobooboooboobobooboobooobooboobooboboobooboobo
gooobooboboobobo sgbuoog

a += 2;
b -= 4;
c =Db % a;
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Question7D,a while loopd OO0 00000

public int q7D(int iLimit)
{
int iIndex = 0;
int iResult = 0;
while (iIndex <= iLimit)
{
iResult += ilIndex;
iIndex++;
}
return iResult;

}
(5) Exceptions
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public void method 10B(int iNum)

public int q7E(int[] aNumbers) {
{ for(int iX = 0; iX < iNum; iX++)
int iResult = 0; {
for (int iIndex = 0; iIndex < aNumbers.length; iIndex++) for(int iY = 0; iY < iNum; iY++)
{ {
if ( aNumbers[iIndex] > iResult) System.out.print ("*");
{ }
iResult = aNumbers[iIndex]; System.out.println();
} }
} }
return iResult; (9) General
} 0o00o0oooooooooooooobooooooood
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1 import java.util.Scanner;

2 class Q14104

3 public static void main(String[] args){
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4 Scanner stdIn = new Scanner(System.in);
5 System.out.print("O0O0O = ");
6 int a = stdIn.nextInt();

7 System.out.print("O00 = ");
8 int b = stdIn.nextInt();

9 a=a + b;

10 if (a % 2 == 0){

11 System.out.println("00 ");
12 Yelse {

13 System.out.println("00 ");
14 }

15 %}

16 }
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(2) Modification2
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[0o0l [DO000000]
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* *ok Kok
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*kk *k
*kkK *
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1 import java.util.Scanner;
2 class Q14114
3 public static void main(String[] args){

4 Scanner stdIn = new Scanner(System.in);
5 System.out.print("dan = ");

6 int a = stdIn.nextInt();

7 for (int i = 1; i <= a; i++){

8 for (int j = 1; j <= a - 1i; j++)
9 System.out.print(" ");

10 for (int j = 1; j <= i; j++)

11 System.out.print ("*");

12 System.out.println();

13 }

14}

15 }
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Fig.3 Outline of analysis
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Table 2 Internal consistency

ooao oooooooooo OOoo0o00o0eO0O0OOO
Basics 8 4 0.8438397
Sequence 7 1 —
Tracingl 7 4 0.8168168
Tracing?2 7 3 0.9176470
Exceptions 3 1 —
Data 4 3 0.8413880
Explain 3 1 —
Modificationl 6 2 0.8727273
Modification2 2 1 —
Writing 3 2 0.9100000
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Table 1 Internal consistency of all data

ooo 0oooDo0O0Oa 00000

Basics 8 0.294639850
Sequence 7 0.441406059
Tracingl 7 0.679780259
Tracing2 7 0.544438293
Exceptions 3 0.069767442
Data 4 0.796508161
Explain 3 -0.250000000
Modificationl 6 0.750000000
Modification2 2 0

Writing 3 0.252115385
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Table 3 Test for independent of Modification skill: P Value

Modificationl

Modification2

Basics
Sequence
Tracingl
Tracing2
Exceptions
Data

Explain
Modificationl
Modification2
Writing

0.8622
0.8505
0.2686
0.0002076
0.4054
0.5708
0.03074
0.1408
0.03074

0.3952
0.3709
0.01087
0.04187
0.2834
0.05915
0.585
0.1408

0.585
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Table 5 a correlation coefficient table: The 1st, C college(10 skills)

Bas Seq Trl Tr2 Exc Dat Exp Mol Mo2 Wri
Bas | 1.00000 — — — — — — — — —
Seq |0.51394 1.00000 — — — — — — — —
Trl |0.82843 0.39795 1.00000 — — — — — — —
Tr2 |0.56429 0.21437 0.65517 1.00000 — — — — — —
Exc | 0.27047 0.00000 0.42624 0.46967 1.00000 — — — — —
Dat | 0.80186 0.59879 0.82742 0.56996 0.20730 1.00000 — — — —
Exp | 0.39327 0.14940 0.45661 0.51245 0.32733 0.39722 1.00000 — — —
Mol | 0.70150 0.26650 0.54299 0.58502 0.19462 0.51772 0.63706 1.00000 — —
Mo2|0.51821 0.33710 0.81562 0.63593 0.43082 0.80406 0.44320 0.35935 1.00000 —
Wri | 0.39327 0.14940 0.45661 0.51245 0.32733 0.39722 1.00000 0.63706 0.44320 1.00000
Bas: Basics , Seq: Sequence , Trl: Tracingl , Tr2: Tracing2

Exc: Excpetions , Dat: Data , Exp: Explain
Mol : Modificationl , Mo2: Modification2 , Wri: Writing

00000000000007 0000000000000
oooooooog o.oo0+x 0.20

gopoooobog £ 0.200+x 040
gooooooboog £ 0400=x 0.70
oooooooog + o700+ 1.00

gooobdobo soboboboobobobobooboboobobobooboobog
0000000 100 Explain O WritingOOOOOOOODOOOOOOODODOO
0000 0.700000Basics O Tracingl(0.82843), Tracingl O Data(0.82742), Basics
0 Data(0.80186), Tracingl O Modification2(0.81562), Data O Modification2(0.80406),
Basics 0 Modification1(0.70150) 0 6 00 0000000000000 OOOOOOO
0000000000000 000000D000000000000 Modification2 00O
O O Basics, Data, Sequence, Tracingl 0 400 000000000000 DO0OOCOO.
000000 0OBasics, Data, Sequence, Tracingl 0 4000000000000000OO
goobooobobooooooooooobobobobobDobDobDoboobooo

(© 2010 Information Processing Society of Japan



gooooooood
IPSJ SIG Technical Report

JodoodooooOboOooOoO0oooooooobD o2000bbObOO0OO0O0OODOOoODOOO
0 O Sequence 0 Exceptions(0.00000), Sequence 0 Explain(0.14940), Sequence O Writ-
ing(0.14940), Exceptions 0 Modification1(0.19462) 0 400 0000000000000
O000OC0OO0O0O00000000O0OdOddSequence 1000 O0O0OOOOOOOOOOO
0000000000000 0D000D0D 00D OD0OExplaind WritingD Exceptions O 0
o0o0o000o0o0ooooOo0ooOo0oU00goooUdooooooooUogooooo
o000O000oU00ooooooDO0o0oooOOooOoO0oo0ooooooooooooooo
00000000oooooooooooooooooooo

00000000 O0O0oO0oooODOOO0O0O0O0O0O000000000O0O0O00gg Modifi-
cation2 0 Explain 000 0000000.4432000000

4.1.4.4 0O0O0O0OO

BasicsO Sequencel Tracing10 Tracing2[ Exceptionsd Datald Explain[ Modification1O
Modification20 Writing 0 100 000000000000 40000000000000O
000000000Y00000000000000000000000000 0.0500
oo0ooogoos0000

040000000000000 3000000 10000000 WritingO0OOODO
0000000 Modificationl 0000000000000 OO0OOOOQOOWriting O
0000000000000 0000000000000000000o00oooO 200
Modification2 00 Tracing2 000000000 OODOQOQODC QO Modification2 0 Tracing2
JooooO0oooooOOobO0oDoOobO0ooOOobOO0ooOooDOobOOoobOOobOoobDOobooOooo 1o
000000DO0000D00bo0ooD 300WritingOODODODODODOOODODDOOOO
O0000oOopooooO0UOoopDoooOooon writingOOOOOOOoOOoooooOoOd
000000o0oU0o0ooooooooooooooooooooo

o000 z20040000000000000000000000DOO01000DODOO
O00OC0C0OOCOOoOoOCO writingOOOOOOOOOOOOOOOO BasiessOOOOOOO
0000000000 2000Writingd BasiesOOOOODOOOOOOOOO 40000
O0O0O0O0O0O0O0ODOO0O000 2000 200 4000 BasicsO Sequencel Datall Tracingl
000000000000 0000000000D0O00000O0ODO0UD 2000BasicsO
Sequence 0 Data 0 Tracingl 000 0000000000000 0O00O0OOO 4000
00000000o0o0oO0o0O0OO0o00o000ooo0ooooooooooooooooooo
000000000000O000o00o0ooO0D0ooooooooooooooooog

Vol.2010-CE-104 No.3
2010/5/22

Writing

D

R%= 0.40584

Modi fi

B

ationl
2_
R"=0.49210
Basics

R%=0.68629

Tracingl

L
|

R%= 0.68463

R%=0.64651 R%=0.76769

Modification2 Sequence

k%= 0.40441

Exceptions
Tracing2

Explain

04 DO0ODOO0D01000000000000000 WritingODOOOOOOOOOOO
Fig.4 multiple regression analysis: The 1st, C college (Result of one by sequential analyzing the
first objective variable with Writing)
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Table 6 Test for independent of Modification skill: P Value
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Table 7 Basic total: The 2st, C college
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Table 8 a correlation coefficient table: The 2st, C college(8 skills)
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Fig.6 multiple regression analysis[6 skills]: The 2st, C college (Result of one by sequential
analyzing the first objective variable with Writing)
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Fig.7 multiple regression analysis[8 skills]: The 2st, C college (Result of one by sequential
analyzing the first objective variable with Writing)
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Fig.8 multiple regression analysis[8 skills]: The 2st, C college (Result of one by sequential
analyzing the first objective variable with Modification2)
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Table 9 Test for independent of Modification skill: P Value
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Sequence 0.003615 0.02976
Tracingl 0.2889 0.0743
Tracing2 0.2031 0.06522
Explain 0.3926 0.02096
Modificationl | — 0.4012
Modification2 | 0.4012 —

Writing 0.4215 0.1200
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Table 10 Basic total: U university

000 OooOOob oooo
Basics 13.1250 32.917 5.7373
Sequence 10.6250 59.583  7.7190
Tracingl 6.2500 91.667 9.5743
Tracing2 6.0625 36.462 6.0384
Explain 6.8750 72.917 8.5391
Modificationl | 10.3125 71.562  8.4595
Modification2 | 6.5625 52.396  7.2385
Writing 3.4375 55.729  7.4652
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Table 11 a correlation coefficient table: U university (8 skills)

Basics Sequence Tracingl Tracing2 Explain Modl Mod2 ‘Writing
Basics 1.00000 — — — — — — —
Sequence | 0.40456 1.00000 — — — — — —
Tracingl | 0.34893 0.48486  1.00000 — — — — —
Tracing2 | 0.28263 0.29947  0.24648 1.00000 — — — —
Explain | 0.41674 0.48675  0.49945 0.46949 1.00000 — — —
Mod1 0.15024 0.30309 0.55046 0.31282 0.38358 1.00000 — —
Mod2 0.51670 0.69725  0.42687 0.50094 0.65051 0.29089 1.00000 —
Writing | 0.27726 0.59654  0.70539  0.46078 0.59807 0.56247 0.44915 1.00000
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Fig.9 multiple regression analysis: U university (Result of one by sequential analyzing the first
objective variable with Writing)
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Fig. 10 multiple regression analysis: U university (Result of one by sequential analyzing the first
objective variable with Modification2)
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Table 14 Basics total: The 2st, C college (part))
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ooOoo:20000
goooooo0o0o0o00O000000000D

Basics
Sequence
Tracingl
Tracing2
Explain
Modificationl

gobboobooboooooboooooobooboooboogbobooobobooooDUubo
goboooboooobooooboooooboobobDOooLoooboobDoboUbo
gbobooboobooooobooboooobooooboooooDoboobDobooooo
0000000000000 0O0O0O0O0000000000 SequenceO0OODODOOOOO
000000000000 0O0000000OSequence000000000O0O0OOODODO
O00000OBasiecsOOOODOOOOOOODODOOODODOODDOODOODOODOD
goooboobooboooooboooOobboo sgbouobooboooOoboOoobDooo
28.571400 00 34.062500000000000000 30000000000000O0DOO
000000000 Tracingl(2.8571), Writing(5.0000), Modification2(6.0714) 0 0 00O O
0000000000000 00 Writing(3.4375), Tracing2(6.0625), Tracingl(6.2500) O
goboobo3sogoboobooboobooboooboooboboooboobooobobo
O00000DO000D00O Modification2(6.5625) 0 0 O Tracingl D000 0MMOO0O
0000000 TracinglDOODOOO WritingOOOOOOODOOOOOOODOOOO
O000000OO00DOo00DOO0ODOWritingDOOO Tracingl DOOOOO0DOO
O00000OTracingl D000 WritingOOOOOOOODOOOOOO

gbooobooboooooboooboooboobobogbooboobobooobooo
gbooboooooboobooboobooobooboo 3boooboboobooboobo
000000000 0Sequence(74.725), Modification1(71.978), Writing[l 69.2310 0 O O
00000000000000000000OTracingl(91.667), Explain(72.917), Modifica-
tion1(71.562) 000 0O

(© 2010 Information Processing Society of Japan



gooooooood
IPSJ SIG Technical Report

44.4 0O0O0OO0OOOOOOOOO

4.4.4.1 0O000O0O0OO0ODOODOODODODOODODO

015000 2000000000000 0000D0OODOODOODOODODODOOO
goboooobooooooooon

015 0000000 20000000000
Table 15 A correlation coefficient table: The 2st, C college (part)
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Table 16 Relation of the correlation coefficient between the 2st C college and U university
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017 0O00O0OO0O0OUOO0OO0OOUBentler CFI OO
Table 17 Covariance structure analysis results(Bentler CFI Value)
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0 0 3 int a;
4 int b;

Al OO0OOO 5 a =b5;
0o00oo0oo0oo0oo0oo0o0ooo0o0ooooOo0oooooboooooDOn 6 a x= 4;
00oo0ooOoo0o0oooOo0oo0oooO0ooo0oo0oooooooooooog 7 a /= 2;
Ooooo0o0ooooO0o0ooooooooooooo 8 b =a+ 10;
® Basics 9 b += a * 4;
000000000000 Javal0O0O0OO0O0O0OO0OOOO0O0ODOOOODOOOODOOO 10 xxxx 1 xxXX
000000o0o00ooo0o0ooo0o0oooo0o0ooooooooooooo 11 System.out.println(b);
(0ool 12}

1 class Q0405{ 13 }

2 public static void main(String[] args)

3 int ¢ = 0; [0ooojl

4 if (¢ =0){ >java Q0508

5 System.out.println("0 OO "); 50

6 } else {

7 System.out.println(c); (0001

8 } a) b -= a; b) b *= a; c) b /= a;
9 } d) b += a; e) b -=a *x 2;
10 }

B Tracingl

[0oo1] toobooooooooooooooooooooobooboooOObObObObObObObObObOOo
a) 1 b) 2 c) 3 d 4 e) b [oool
f) 6 g7 h) 8 i) 9 j) 10 1 class Q0704{

2 int a = 1;

m Sequence 3 public static void main(String[] args){
OooOO0OD0 [(ODOO0O01D00000000000 xxxx 1 xxxx JOOO0O0O0OOOOOO 4 int a = 2;

o0ooooooooooo 5 Q0704 b = new Q0704Q);

(0ool 6 a = 3;

1 class Q0508{ 7 b.a = 4;

2 public static void main(String[] args){ 8 b.show(a) ;
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10}

11 void show(int a){

12 System.out.println(a);
13}

14 }

[oool
a) 0 b) 1 c) 2 d 3 e) 4 ) 5

g) null

B Tracing?2

U0 ooobooooooobooodoooooboooooooooOog a,p,cO0goonooOn

O0o0ooo0oO0ooOoooOooooooooOooono
[oooi]

1 class QO0755{

2 public static void main(String[] args){

3 int a = 0;
4 for (int b = 0; b < 3; b++){
5 for (int ¢ = 0; ¢ < 3; c++){
6 a++;
7 if (b == 1)
8 System.out.println("a= "+ a + ", b=" +Db + ", c= " + c);
9 }
10 }
11 }
12 }
[0D00O]
a) 0 b) 1 c) 2 d) 3 e) 4 f) 5 g) 6
h) 7 i) 8 j) 9 k) 10 L1 m) 12 n) 13
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® Explain
do0o0o0o0oo0oUoooooooooooooooooo
[0ogdl

1 import java.util.Scanner;

2 class Q1008{

3 public static void main(String[] args){

4 Scanner stdIn = new Scanner(System.in);
5 System.out.print("a= ");

6 int a = stdIn.nextInt();

7 double[] b = new doublela];

8 double e = 0.0;

9 for (int i = 0; i < a; i++){

10 System.out.print("b[" + i + "] = ");
11 b[i] = stdIn.nextDouble();

12 e += b[il;

13 }

14 System.out.println(e / b.length);

15 }

16 }
B Writing

gobooooboooobobooooooooooon
ooboooob10000ob20000 1000000O000O

[0oool
1) char charAt(int index) index OO OODOOOODODO
[00] OOO0OO0OO0OOOODODO0O «a00000000000000O
String a = "Nagoya";
g00O0OdO0OOd"Nagoya"d 30000"g"D 00 ansOOO0OOODODO
char ans = a.charAt(2);
O0000OOa.charAt(2) DOOO0O"Nagoya"d 1 O0000O"N"O o020000"a"
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Oi100oc0000D00O0O0D3ODOOO"e"0 200000MM
2) int length() OOOOOO0O0O0OOOOOOOOO
3) int index0f(String str) U000 0000000000000 OOOOOOOOO

0000bo000-1 0000000000000 000000000O00
O000ooooOooooo
4) String substring(int beginIndex) beginIndex 00O O0DOOOOOOODOOODO
5) String substring(int beginIndex, int endIndex)
beginIndex 0000 OendIndex 000000 O0O0OO0OOOOOOO

(0000000010
O000Osample0d 200000 500000000000 0OO0OO00OOOOCOOOO
"O000".substring(2,5) 0000000

(00000000001

000000000000 name0 00000 OOOOOOOOODODO 3000
gooooooOoDOOOOO 400000CC0CO00OO0O0OO0ODOwwOO0OOOODOOOOOO
0o0ooooooooooooooooooooo

000000 1)- 4) 00000Pnametarzepp30 000000

1) Pname

2) 0000000000 taro

3) 0000000000 zeppelin

4) 000000 fortunate

(0010 000000000]1000000 ansO000O0O0O0O0O0O0O0O0OOOOOO

gooooooon
gobooouoobbooobooobooooooobooboooobobooooOooOoboOoooobobOooo
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