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The Relation between the Indentation and the Ability
to Implement in Introductory Programming Courses

TATSUYUKI TAKANO,T! OsaMU MrvAKAWA 12
and TAKASHI KoHAMA 2

The relation between the indentation and the programming skill is researched.
The effect is confirmed with the reading skill using the indentation. In our ap-
proach, the aspect is put on the description of the program. In this paper, the
examination of the programming subjects for the beginner was analyzed. As a
result, it may be related to the indentation and ability to implement programs.
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Table 1 The relationship of the indentation.
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Fig.1 An example of class diagram.
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Fig.3 An example of examination paper.
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e a
public class A{

public void print(){
System. out. print(”a”);
}
}

public class B{
public void print(){
System. out. print(”b”);
}
}

public class C{
public void print(){
System. out. print(7c”);

}

04 0O00ODOOOOOODOOO
Fig.4 Examples of indentation.
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Fig.5 An example of correspondance between a full-width and a half-width character.
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Fig.6 Spelling error judging procedure in method.
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Fig.7 Example of unit test.
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Fig.8 Example of mixture of tab and space.
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Fig.9 An example of semantic error.
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Table 2 Example of cross table.
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03 00ooooooocCAD
Table 3 Complexity of method (CA).

04 DOO0OO0OODOOOCBO
Table 4 Complexity of method (CB).
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05 CAOODOOOO cCADOOOOOOOOO
Table 5 Relation between indentation (CA)
and unit test (CA).

06 CBOOOOOO CBOOOOOOO
Table 6 Relation between indentation (CB)
and unit test (CB).

) ooo oooo ¢ good oooo
0.0201 0.694 Cube main 0.154 0.963 LooseLeaf getltem
* 0.164 0.831 Score main 0.0234 0.973 LooseLeaf getColor
* 0.177  0.788  Score getSum 0.102 0.989 LooseLeaf getNumber
0.129 0.744 SpinCoin getFace 0.0750 0.257 FlatFile bind
0.153 0.875 SpinCoin printMessage —0.0466 0.588 FlatFile remove
0.0778 0.750 SpinCoin getNumber 0.110 0.845 CdPocket getItem
*¥*0.260 0.731  SpinCoin printResult 0.0794 0.882 CdPocket getColor
*¥* 0.218 0.481 Shape drawLine 0.0913 0.861 CdPocket getNumber
*¥* 0.217 0.419 Shape drawTriangle * 0.175 0.529  FlatFile printList

* p < 0.05, ** p < 0.01, n = 160

07 DO0OODOO0OOOOO cAOOOOOOO

Table 7 Relation between programming

experience and unit test (CA).

*p <0.05, ¥ p <0.01, n = 187

08 ODO0ODOOODOOODO CBOOOOOOO

Table 8 Relation between programming

experience and unit test (CB).

¢ 0ooo o0O0ooo ¢ ooo oooo
0.0936 0.663 Cube main 0.0962 0.960 LooseLeaf getItem
0.126  0.718 Score main 0.0897 0.965 LooseLeaf getColor
* 0.148 0.663 Score getSum 0.0581 0.985 LooseLeaf getNumber
0.0712 0.658 SpinCoin getFace **0.277 0.218 FlatFile bind
0.0184 0.767 SpinCoin printMessage 0.108 0.535  FlatFile remove
0.0346 0.668 SpinCoin getNumber —0.109 0.772 CdPocket getltem
0.134 0.649 SpinCoin printResult —0.0405 0.817 CdPocket getColor
* 0.166 0.396 Shape drawLine 0.0162 0.797 CdPocket getNumber
*¥* 0.270 0.327 Shape drawTriangle 0.139 0.475 FlatFile printList

09 CAOOOOOO CBOOOOOOO
Table 9 Relation between indentation (CA)
and unit test (CB).

010 cCAOO0OO0OO0OO0OO0OO0OO0OO0O0OO0O0O

ooo

Table 10 Relation between indentation (CA)

and programming experience.

) ooo oooo

0.0928 0.950 LooseLeaf getItem CAOODOoOo O

0.151 0.963 LooseLeaf getColor True False

0.106 0.981 LooseLeaf getNumber ooooooo True 23 8 31
* 0.196 0.269 FlatFile bind oo False 84 39 123

0.101  0.594 FlatFile remove O 107 47 154
* 0.194 0.813 CdPocket getItem ¢ = 0.0514, p = 0.664
** 0 0.245 0.850 CdPocket getColor
** 0 0.245 0.850 CdPocket getNumber

0.150 0.531 FlatFile printList 011 CBOOOOODOOOOOOOOOOOOOO

* p <0.05, ** p <0.01, n = 160

ooo

Table 11 Relation between indentation (CB)
and programming experience.

cBOOOOO 0
True False
goooooo True 28 4 32
oo False 122 24 146
O 150 28 178

gobo20000000000O0DOOODO

$ = 0.0415, p = 0.789

* p < 0.05, ¥* p < 0.01, n = 202

*p < 0.05, * p < 0.01, n = 202
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012 CAO0O0O0OO00 CAOOODOODOOOO 013 CBUOOOOOO CBOOOOOOO 014 0000000000 cCAOOOOOOO 015 0000000000 CcBOOOOOOO
Table 12 Relation between indentation (CA) Table 13 Relation between indentation (CB) Table 14 Relation between programming Table 15 Relation between programming
and unit test (CA). and unit test (CB). experience and unit test (CA). experience and unit test (CB).
(a) Cube main (a) LooseLeaf getltem (a) Cube main (a) LooseLeaf getItem
ooooo o 00000 O 0oooooooo o 00o0o00o0o0od O
True False True False True False True False
True 7T 34 111 True 155 25 180 True 28 106 134 True 37 157 194
noooooo False 33 16 49 noooooo False 4 3 7 oooooon | False 9 59 68 boooooo False 0 8 8
8] 110 50 160 0 159 28 187 0 37 165 202 5] 37 165 202
% = 0.0201, p = 0.854 % = 0.154, p = 0.0697 $ = 0.0936, p = 0.248 % = 0.0962, p = 0.355
(b) Score main (b) LooseLeaf getColor (b) Score main (b) LooseLeaf getColor
ooooo o 00000 O 000000000 o 000000000 O
True False True False True False True False
True 96 37 133 True 155 27 182 True 31 114 145 True 37 158 195
booooon False 14 13 27 boooooo False 4 1 5 boooooo | False 6 51 57 boooooo False 0 7 7
0] 110 50 160 0 159 28 187 0 37 165 202 5] 37 165 202
% = 0.164, p = 0.0434 % = 0.0234, p = 0.560 $ = 0.126, p = 0.105 & = 0.0897, p = 0.354
(c) Score getSum (c) LooseLeaf getNumber (c) Score getSum (c) LooseLeaf getNumber
ooooo o oooog O ooooooooo o 0o0oo00o00oo O
True False True False True False True False
True 92 34 126 True 158 27 185 True 30 104 134 True 37 162 199
booooon False 18 16 34 boooooo | False 1 1 2 boooooo | False 7 61 68 boooooo | False 0 3 3
] 110 50 160 0 159 28 187 0 37 165 202 5] 37 165 202
é = 0.177, p = 0.0361 % = 0.102, p = 0.278 $ = 0.148, p = 0.0363 % = 0.0681, p = 1.00
(d) SpinCoin getFace (d) FlatFile bind (d) SpinCoin getFace (d) FlatFile bind
oooog o ooood o ooooooooo o ooooo0oooo O
True False True False True False True False
True 86 33 119 True 43 5 48 True 27 106 133 True 17 27 44
Boooool | paise 24 17 41 boooooo | False | 116 23 139 oo0oool | pase 10 59 69 boooooo | False 20 138 158
] 110 50 160 0 159 28 187 0 37 165 202 ] 37 165 202
% = 0.129, p = 0.120 % = 0.0750, p = 0.357 % = 0.0712, p = 0.344 $ = 0.277, p = 0.000261
(e) SpinCoin printMessage (e) FlatFile remove (e) SpinCoin printMessage (e) FlatFile remove
ooooo o oooog 0 ooooooooo o ooooooooo 0
True False True False True False True False
True 100 40 140 True 92 18 110 True 29 126 155 True 24 84 108
Boooool | pase 10 10 20 0000000 | pase 67 10 77 boooooo | False 8 39 47 e P 1 13 81 94
[m] 110 50 160 ] 159 28 187 ] 37 165 202 a 37 165 202
% = 0.153, p = 0.0705 % = —0.0466, p = 0.678 % = 0.0184, p = 1.00 % = 0.108, p = 0.146
(f) SpinCoin getNumber (f) CdPocket getltem (f) SpinCoin getNumber (f) CdPocket getltem
ooood o ooood o ooooooooo o ooooooooo o
True False True False True False True False
True 85 35 120 True 137 21 158 True 26 109 135 True 25 131 156
Boooool | pase 25 15 40 oo00ooo | pase 22 7 29 boooooo | False 11 56 67 i I 12 34 46
[u] 110 50 160 ] 159 28 187 ] 37 165 202 a 37 165 202
% = 0.0778, p = 0.332 % = 0.110, p = 0.156 % = 0.0346, p = 0.702 — —0.109, p = 0.132
(g) SpinCoin printResult (g) CdPocket getColor (g) SpinCoin printResult (g) CdPocket getColor
ooood o ooood 0 ooooooooo o goooo0oogod 0
True False True False True False True False
True 89 28 117 True 142 23 165 True 29 102 131 True 29 136 165
noooooo False 21 22 43 noooooo False 17 5 22 noooooo | False 8 63 71 0ooooon False 8 29 37
[u] 110 50 160 0] 159 28 187 o] 37 165 202 [u] 37 165 202
¢ = 0.260, p = 0.00183 ¢ = 0.0794, p = 0.336 ¢ = 0.134, p = 0.0597 ¢ = —0.0405, p = 0.638
(h) Shape drawLine (h) CdPocket getNumber (h) Shape drawLine (h) CdPocket getNumber
ooood o ooood o goooooooo o goooooood o
True False True False True False True False
True 61 16 T True 139 22 161 True 21 59 80 True 30 131 161
Hoooooo False 49 34 83 ooooooo False 20 6 26 noonooo | False 16 106 122 noooooo False 7 34 41
[u] 110 50 160 0] 159 28 187 o] 37 165 202 [u] 37 165 202
% = 0.218, p = 0.00658 % = 0.0913, p = 0.236 % = 0.166, p = 0.0250 % = 0.0162, p = 1.00
(i) Shape drawTriangle (i) FlatFile printList (i) Shape drawTriangle (i) FlatFile printList
ooooo o oooog o ooooooooo o goooooooo o
True False True False True False True False
True 54 13 67 True 90 9 99 True 22 44 66 True 23 73 96
Hoonooo False 56 37 93 noooono False 69 19 88 Hoonono | False 15 121 136 noooooo False 14 92 106
5] 110 50 160 0 159 28 187 0 37 165 202 5] 37 165 202
% = 0.217, p = 0.00913 % = 0.175, p = 0.0231 % = 0.270, p = 0.000348 % = 0.139, p = 0.0677
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016 CAOOOOOO CBOOOOOODO
Table 16 Relation between indentation (CA) and unit test (CB).
(a) LooseLeaf getltem

import jp.ac.dendai.sie.usd.util.KeyboardReader;

public class Cube{
public static void main(Stringl[] args){

0oooo 5 System.out.print("000000000000");
True False int n = KeyboardReader.readInt();
True 106 16 152 System.out.println("0U00" + (n * n * n) + "000");
noooooo ‘ False 4 4 8 }
0 110 50 160 ¥
¢ = 0.0928, p = 0.258
b) LooseLeaf getColor )
®) £ 0 10 Cube.javall CAD
00000 5 . .
True  False Fig.10 Cube.java (CA).
True 108 46 154
ooooooo ‘
False 2 4 6
0 110 50 160
$ = 0.151, p = 0.0769 .
(c) LooseLeaf getNumber public class Score{ ) )
public static void main(String[] args){
00ooo o System.out.print("O00 " + Score.getSum() + " 0 000 ");
True False 3
ooooooo True 109 48 157 public static int getSum(){
False 1 2 3 int[] scores = {60, 50, 30, 80, 100};
0 110 50 160 int sum = 0;
% = 0.106, p = 0.230 for(int i = 0; i < scores.length; i++){
(d) FlatFile bind sum = sum + scores[il;
}
T Feme] © return sum;
ooooooo True 36 T 43 d
False 74 43 117 Y
0 110 50 160
# = 0.196, p = 0.0131 0 11 Score.javal CAO
(e) FlatFile remove . ‘
Sooo0 Fig.11 Score.java (CA).
True  Falie | °
True 69 26 95
neeeeen ‘ False 41 24 65
5 110 50 160 import jp.ac.dendai.sie.usd.util.RandomNumber;
¢ = 0.101, p = 0.226 import jp.ac.dendai.sie.usd.util.KeyboardReader;
(f) CdPocket getltem
00000 5 public class SpinCoin{
True _ False public static int getFace(){
True 95 35 130 int face = RandomNumber.nextInt(2);
booooon ‘ False 15 15 30 return face;
i] 110 50 160 3
é = 0.194, p = 0.0173 public static void printMessage(){
(g) CdPocket getColor System.out.print ("0 (1)0 000D (0)0 000 ");
3
oogoo _ [u} public static int getNumber(){
Lrue False int player = KeyboardReader.readInt();
0oooooo ‘ g“l“e 11000 ?i 12346 return player;
alse
5 110 50 160 public static void printResult(int computer, int player){
¢ = 0.245, p = 0.00349 if (computer == player){
(h) CdPocket getNumber System.out.print("000");
ooooo 0 } else {
True False System.out.print("00");
True 100 36 136 ¥
boooooo ‘ False 10 14 24 }
0 110 50 160 }
¢ = 0.245, p = 0.00349
i) FlatFil rintList . P
(1) FlatFile printlis 0 12 SpinCoin.javal CAO
ooooo
True Talso 0 Fig.12 SpinCoin.java (CA).
True 64 21 85
ooooooo ‘
False 46 29 75
0 110 50 160

% = 0.150, p = 0.0625
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public class Shape{
public static void drawLine(int n){
for(int i = 0; i < nj; i++){
System.out.print ("*");
}
System.out.println();
}
public static void drawTriangle(int n){
for(int i = 0; i < m; i++){
Shape.drawLine(i + 1);

¥

0 18 Shape.javal CAO
Fig.13 Shape.java (CA).

public interface Refill{
public String getItem();
public String getColor();
public int getNumber()

import java.util.Arraylist;

public class FlatFile{
private int maxPage = 3;
private ArrayList<Refill> refills = new ArrayList<Refill>();
public FlatFile(){

public void bind(Refill refill){
if (this.refills.size() < this.maxPage){
this.refills.add(refill);
} else {
System.out.println("Page Full");
}

public Refill remove(int number){
return this.refills.remove(number);

public void printList(){
for(int i = 0; i < this.refills.size(); i++){
Refill refill = this.refills.get(i);
System.out.println(refill.getItem());
System.out.println(refill.getColor());
System.out.println(refill.getNumber());
System.out.println();

0 14 Rifill.javal CBO
Fig.14 Rifill.java (CB).

0 16 FlatFile.javall CBO
Fig. 16 FlatFile.java (CB).

public class LooseLeaf implements Refill{
private String item = "LooseLeaf";
private String color;
private int number = 35;
public LooseLeaf(String color){
this.color = color;

public String getItem(){
return this.item;

public String getColor (){
return this.color;

public int getNumber(){
return this.number;

¥

public class CdPocket implements Refill{
private String item = "CD Pocket";
private String color = "Clear";
private int number;
public CdPocket(int number){
this.number = number;
}
public String getItem(){
return this.item;
}
public String getColor(){
return this.color;
}
public int getNumber (){
return this.number;

¥

0 15 LooseLeaf.javal CBO

Fig.15 LooseLeaf.java (CB).

00o0oooooog Vol 52 No. 11 3065-3078 (Nov. 2011)

0 17 CdPocket.javal CBO

Fig.17 CdPocket.java (CB).
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