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A Workbench for Understanding Relationship
between Variable and Data
in Object Oriented Programming Language

MoToKI MIURA, ! TARO SuciHARAT!
and Susumu Kunirugrf!

We propose “Anchor Garden,” an interactive workbench software to learn
fundamentals of data structure with concepts of type, variable, object, and its
relations in a strongly-typed object oriented programming language such as
Java and C#. Learners can approach the concepts by a direct manipulation
of graphical models. Anchor Garden (AG) allows the learners to create vari-
ables and objects, and to link among them. Since AG automatically generates
source-code corresponding to the learner’s manipulations, the learner can relate
manipulations and representations of source code. Experimental result showed
a tendency of learning effect with AG, and high correlations between the con-
cept understanding and programming ability. Thus AG has a possibility to

enhance the programming ability for novice programmers.
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Fig.3 Link to Objects.
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Fig.5 Advanced mode and source code window.
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Fig.6 Shallow copy and deep copy.
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Table 2 Result of tests (1), (2).
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Table 3 Result of final test.
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10-19 0 0 4-6 3 2
0-9 0 0 0-3 1 0
oo 40.2 52.0 oo 8.0 13.4
oo 140.6 302.9 oo 21.1 38.8
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Fig.8 Relationship between learning times and test scores.
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04 0000 Pearson JOOO0OOAOOn = 100
0*0 5%00000M**0 1%0000000000

Table 4 Pearson’s correlations of final test score (Group A).

01 02 O3 04 05
01 1 0.70* 0.60 0.14 0.59
02 | 0.70% 1 0.69% —0.23 0.43
o3 0.60 0.69* 1 0.31 0.83**
04 0.14 —0.23 0.31 1 0.50
05 0.59 0.43 0.83%* 0.50 1

05 0000 Pearson 00000O0BO0On =80
0*0 5%00000M**0 1%0000000000
Table 5 Pearson’s correlations of final test score (Group B).

01 02 03 04 05
01 1 0.51 0.93*%*  0.17 0.76%*
o2 0.51 1 0.36 0.60  0.84%**
0 3 | 0.93** 0.36 1 0.23 0.70
04 0.17 0.60 0.23 1 0.54
05 0.76* 0.84** 0.70 0.54 1
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Console.WriteLine("ODOOOOOOOOODO (Input A Sentence in English).");
String sentence = Console.ReadLine();

String[] words = sentence.Split(’ ’);
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String[] copywords = ________________
for( int n = 0; n < words.Length ; n++) {
if (m % 2 ==0) {

} else {

// copywords[n] O words[n] O
// 000000000DO0DO0ODOOO

int[] orig = new int[words.Length];

for ( int n = 0; n < words.Length ; n++) {
orig[n] = words[n].Length

}

int[] copy = new int[words.Lengthl];

// for 000000 orig0O 000000 copy0O0OODO

g3s3ooboooooooooooooooobooooOoooobooboooooooobo
gobooooooob 1m3cooooooooooooobooooooooboooon

01moooobooo0o10000000D000

// words OO OOOOOOOOO

__ // copywords[n] O words[n] OOODO0O

StringBuilder sb = new StringBuilder("A");

A1) A
StringBuilder sbco = sb; sb ———~ ] N
& Py shcopy \ﬁm
sbcopy . Append ("BC") ;
02M000000000000000 e FIEIEN

int[] nums = new int[]{2,3,4};

g3ooooooooooooboooooo
String[] ary = new String[]{"JAIST","KS"};

wwa,m%fi///'*'lll= [xs |
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(1) String[] abc = new String[]{"A","B","C"};

String[] copy = new String[3];

for (int n = 0; n < 3; n++) {
copy[n] = abc[n];

}

(2) String[] abc = new String[]{"A","B","C"};

String[] copy = new String[3];
for (int n = 0; n < 3; n++) {

copy[n] = new String(abc[nl);
}

(3) StringBuilder[] abc = new StringBuilder[]{new StringBuilder("A"),

new StringBuilder("B"),
new StringBuilder("C")};
StringBuilder[] copy = new StringBuilder[3];
for (int n = 0; n < 3; n++) {
copy[n] = abc[n];
}
copy [0] . Append ("X") ;
copy[1] .Append ("Y");
copy[2] . Append("Z");
A3 000000
010000000000000000000O00000M 1000
static int GetSumAry(int[] ary)
00 GetSumAry 00 000000000000 O0O0O0OO0O0O0OOOODOOO
oooOooooooo 2354,6)0000000024345444+6=200000

020000000000000000Main00000000DOOOODI000
(H)ooooooUoOooOoooOooOoooOooooD
(2000000000000 000O00DO0OO0O0O0OOOOD
(3)0o0UD0OoO300b0oUOo0OoOooOoO0OOoOlOOOoUoUoO
(4)0oo0oUopooooo
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U00O0OThis is a pen. 0O« 00000000DOO (5) 10000D0OO0DO0OODDO0ODOUO0ODOUO0OOOOOOODOOOODOOO
U000 This pen. U—0oooboboono gboboooooomoooooooboboboboboboboong

goboooooooooooon
030000000000000000Main0000O0ODODODODODOOD2000

(1)000 1000000000 0aryd 000000 05000001000400000000000000000000000000000
(2)000ary000000D0O0D0O0D0O00000 99 0000000000000 000000000000000000000000000 10300000000000
0ooo 0000000000 50/00 2000

(3) 000 1000000000divaryd 00000 Mary 0000000000 0100000000 10000000000 e

ooog StringBuilder sb = new StringBuilder("A"); ZECO;YK* ABC
(4)ary000000003000000000 divary[3]0 1000040000 StringBuilder sbcopy = sb; —

00000 divary[4] 0 100000000000309000000000000 sbcopy . Append ("BC") ; e 72124 ]
0000000 divary] 0000000000000 0Odivaryim] 000m 000 0D2000000000000000 WWTL/*HE [k ]
000 ary00000000000@MmO 3009000 int[] nums = new int[1{2,3,4}; " [aaist |
(5) divary[3] 00 [9) 0000000000000 O0OOOOOOOO 03M00000000000000000

OO0 O divary[3]= 38 @ skskskskokskkskskokskskokskokskskokokokokoskkokkokokkokkokokkok ok k String[] ary = new String[]{"JAIST","KS"};

divary[4]= 26 : xkkxkskkkakkkskkkkkokkkokkkokkkk

divary [B]= 25 : sskkskskskskkkskkskkokskkskkkokkkokkk (1) String[] schools = new String[]{"IS","MS","KS"};
divary[B]= 20 : sskkxskkskkskskkskkkskkskkxk String[] copy = new String[3];
divary [7]= 19 : skkxkkskokkskkskokkkkkkx copy[2] = schools[2];
divary[8]= 14 : sxkxkkkkkkkkkx (2)  String[] schools = new String[3];
divary[9]= 11 : skkkskckkokkskk String[] copy = schools;
00 10goooob for000O00O0O0O0ODOODODODODOOOODOOOOOO schools[0] = "KS";
0o2000bo000boooooooboboobo0booboooooobo schools[1] = schools[0];
240 3040608004 000000DO0DODOO copy[2] = "IS";

(3) int[] nums = new int[]{1,2,3,4,5};
040000000000000c 000000000 O0x 000000000 ODOO0O

OO 20/001000
(1) float]00O0DO0O0DOO

)

) it 0000000000

) }
)

int[] copy = new int[4];
for ( int n=0 ; n<4 ; n++) {

copy[n] = nums[n] + nums[n + 1] ;

StringBuilder 000000000
(4) int[] orig = new int[]1{2,4,6};
gobooboooboooobooboooobobogobobooboboobooo
int[] copy = orig;
oooooogoog

(2
(3
(4
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int[] backup = new int[3];
for ( int n=0 ; n<3 ; n++) {
backup[n] = copyl[n];
}
copyl[1] = 8;
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