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Teaching and Learning Programming Using Code
Animation
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Abstract - Code animation is a visual tool for tracing the
execution of the code. It is developed using HTMLS, CSS, and
JavaScript. It is platform independent. It can be viewed from a
browser on any device. We have developed code animation for
more than 240 code examples in Java, C++, and Python to
assist instructors to teach programming and help students
learn difficult programming concepts and techniques visually
and interactively. This paper presents several code animation
examples for teaching and learning Java.
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1 Introduction

Students learn programming through examples. The key
programming concepts and techniques are best demonstrated
through good examples. Many new students find that
programming textbooks are dry and boring, because the
examples in a print book are static, not engaging, and hard to
follow. We developed interactive code animation for
demonstrating key programming concepts on variables, data
types, constants, expressions, control statements, methods,
pass by value, arrays, multidimensional arrays, and classes,
and objects. The interactive code animation not only engage
students, but also is effective to make the difficult concept
easy to learn. We have developed more than 240 code
animations for Java, C++, and Python. The code animation
have been integrated in the Pearson’s interactive ebooks [1, 2,
3], which have received positive reviews [4, 5]. This paper
presents the code animation for the Java language.
Specifically, we use the following examples to demonstrate
how the code animation can help students to learn variables,
selection statements, loops, methods, pass by value, and
arrays effectively:

e ComputeArea.java

https://liveexample.pearsoncmg.com/codeanimation/Co
mputeArea.html

e ComputeAndInterpretBMI. java
https://liveexample.pearsoncmg.com/codeanimation/Co
mputeAndInterpretBMI.html

e RepeatAdditionQuiz.java
https://liveexample.pearsoncmg.com/codeanimation/Rep
eatAdditionQuiz.html

e Palindrome.java
https://liveexample.pearsoncmg.com/codeanimation/Pali
ndrome.html

e TestMax.java
https://liveexample.pearsoncmg.com/codeanimation/Test
Max.html

e Increment.java
https://liveexample.pearsoncmg.com/codeanimation/Incr
ement.html

e SelectionSort.java
https://liveexample.pearsoncmg.com/codeanimation/Sele
ctionSort.html

e TestArrayArguments.java

https://liveexample.pearsoncmg.com/codeanimation/Test
ArrayArguments.html

2 Animation for Variables

A variable represents a value stored in the computer’s
memory. This is the first important concept for new students.
Our code animation shows how to declare variables and how
to assign values to variables. We demonstrate it using program
ComputeArea.java
(https://liveexample.pearsoncmg.com/codeanimation/Compute
Area.html), as shown in Figure 2a. The program computes the
area of a circle given the radius. Clicking the Start Animation
button to launch the animation. You will see a step-by-step
execution of the code upon clicking the Next button. The code
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“MeiBears Connector” is debugging this browser, m *®
You can change value 20 before starting animation

Miveexample. pearsoncmag.com

1 public class Computedrea {

2 public static void main(String[] args) {
3 radius; // Declare radius

4 double area; f/
5

&

F i

Declare area

/¢ Assign a radius

radius = 20 ; £/ New value is radius
9 /i Compute area

| 10 area = radius * radius * 3.14159;

|12 // Display results
{13 System.out.println{"The area for the circle of radius " +
| 14 radius + " is " + area);

15 3

Figure 2a. Clicking the Start Animation button to launch
animation.
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currently being executed is highlighted in light green, as
shown in Figure 2b. When executing line 3, the variable radius
is declared. You will see the memory allocated for variable
radius, but without value assigned. When executing line 7, a
new value 20.0 is assigned to variable radius in Figure 2c.
When the code in line 10 is executed, the expression radius *
radius * 3.14149 is executed and its result is assigned to
variable area, as shown in Figure 2d.
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| “MetBoans Connactar is debugging this browser. m »

1 publie 55 Computedrea { A < 3
% ik Stabic void main(Steing]] args) {  VheiableName  Value in Memory
3 double radius; // Declare radius o valie

4 double area; [/ Declare area i
5 wes yvarable
(-] i Assign a radius ther. The
7 radius = 20 3/ New value is radius allocated
8

a /{ Compute area

Ia area = radius * radius * 3.14159;

11

12 £/ Display results

13 System.out.println("The area for the circle of radius " +

14 radius + " is " + area);

15}

16}

Figure 2b. Clicking the Next button to execute the next
statement.
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1 public class ComputeArea { i v PR
2 public static void main{String[] args) { Variable Name \.-:Inllc!n \1nm:|_~
3 double radivs; // Declare radius rediare

4 double area; // Declare area e

5

& 44 Bssign a radius

7 ragius w2000 /7 New value is radius

8

9 /i Compute area i

10 area » radius * radius * 3,18159; e volue 200

11

12 £f Display results

13 System.out.println{“The area for the circle of radius “ +
14 radius + " is " + area);

15

16 }

Figure 2c. Value 20 is assigned to variable radius.
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1 public class ComputeArea { . B I

2 public static void main({String(] args) { Variahle Nume \_;.l|lld in Mr:llu_q
3 double radius; // Declare radius el [

: double area; // Declare area A kzss.e3708
& £/ Assign a radius

7 radius = 20 3 // Mew value is radius

8 The sutement evaluates the

g /{ Compute area exp

1@ area = radius * radius * 3.14153;

1 1 5370614359173,

12 f/ Display results

13 Syste=s.out.printin{"The area for the circle of radius " +

14 radius + " is T « area);

15}

16 ¥

Figure 2d. A new value is assigned to area.
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3 Animation for Selection Statements

Selection statements let you choose actions with alternative
courses. A code animation can effectively demonstrate how a
selection statement is executed. Let us look at the program
ComputeAndInterpretBMI.java for computing and
interpreting BMI
(https://liveexample.pearsoncmg.com/codeanimation/Compute
AndInterpretBMI.html). The program prompts the user to
enter the weight in pounds and height in inches and displays
the BMI and interprets BMI. When the code in lines 8-9 are
executed, the program prompts the user to enter the weight in
pounds, as shown in Figure 3a. As you continue step through
the code, you will encounter the if statement. The animation
tests student understanding of the if statement by asking the
question “Which line will be executed after this line?”, as
shown in Figure 3b. If the user enters the answer 28, the
animation will respond that “You are correct.”
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1 import java.util.Scanner;

2 The statement creates an object
3 public class ComputeAndInterpretBMI { for performing console input and
4 public static void main(String[] args) {  assipns the object to the reference
5 Scanner input = new Scanner(System.in);  variable named input
6

7 // Prompt the user to enter weight in pounds

8 System.out.print(“Enter weight in pounds: ");

9 double weight = input.nextDouble();

1]

11 // Prompt t

12 System.out,

13 double heig

14 Enter weight in pounds:;

15 final doubl! - int
16 final doubl. (140

17

18 /{ Compute

19 double weig L% Gancel

20 double hel oo o P Y

21 double bmi = weightInKilograms /

22 (heightInMeters * heightInMeters);

23

24 /¢ Display result

25 System.out.println("BMI is " + bmi);

26 if (bmi ¢ 18,5)

27 System.out.println{"Underweight™);

28 else if {bmi < 25)

29 System.out.printin(“Normal"};

38 else if (bmi < 38)

31 System.out.println{"Overweight");

32 else

33 System.out.println{"Obese"};

34

35 )

Figure 3a. The program prompts the user for input.

4 Animation for Repetition Statements

A loop can be used to execute statements repeatedly. Java
has three types of loops: the while loop, the do-while loop,
and the for loop. We give an example of using the while loop
in this section. The program RepeatAdditionQuiz.java
(https://liveexample.pearsoncmg.com/codeanimation/RepeatA
dditionQuiz.html) randomly generates two single-digit
integers and prompts the user for an answer for the addition of
the two integers until the answer is correct. As you step
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1 dmport java,util.Scanner;

2 Variable Name  Value in Memory
3 public class ComputeAndinterpretBMI { X i
4 public static void main(String[] args) { weight

5 Scanner input = new Scanner{System.in); Iretghe 2.0

6 S T

7 /7 Prempt the user to enter weight in pounds KILOGRAMS PER_POUND

8 System.out.print("Enter weight in pounds: "); 0.453582137
g double weight = input.nextDouble(); METERS PER INCH

3 FER_

bk A /f Prompt the user to enter height in inches 0.0254
12 System.out.print("Enter height in inches: ");

13 double height = input.nextDouble();

14

15 final double KILOGRAMS_PER_POUNWD = @.45359237; // Constant

16 final double METERS_PER_INCH = ©.9254; // Constant

17 cvams|  §3.502933
3 PR weighthRilog m\lml 63.502932
19 double weightInKilograms = weight * KILDGRAMS_PER_POUND;

20 double heightInMeters = height * METERS_PER_INCH;

21 double bmi = weightinKilograms / heightinMeters
22 (heightInMeters * heightInMeters);

3 o
24 // Display result

25 System.out.println(“BMI is " 4 bmi);

26 if (bmi < 18.5) The statement tests (bmi < 18.5) It is false in this case

27 System.out.println{"Un

28 else if (bmi < 25) Check Your Understanding

29 System.out.printlng“Nc

£l else if (bmi < 38) Which line will be executed aher this line?

31 System.out.println{ Oy 2%

32 else

33 System.out.println{ "0t

. 3 OK | Cancel

35}

Figure 3b. The animation tests student understanding of the
selection statement.

through the code, you will encounter the while statement. The
animation tests student understanding of the while loop with a
question “Which line will be executed after this line?”, as
shown in Figure 4a. If the user’s answer is 16, the animation
will display that “You are correct”, as shown in Figure 4b. The
animation continues to trace the execution of the while loop as
you click the Next button.
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C' | @ Secure | https//liveexample pearsoncmgeom/c.. & % QO 0 O =
A B
Variable Name  Value 7
1 dnport java.util.Seatner; ariable Name  Value in Memory
2 nrber] 4
3 public class RepeatAdditienQuiz { mntber 2 8
4 public static void main(String(] args) { .
5 int numberl = (int)(Math.random({) * 18); = il
6 int number2 = {int)(Math.random{) * 18);
7
] // Create a Scanner
9 Scanner input = new Scanner{System.in);
1e
11 System,out.print(
12 "What is " + numberl + " + " + number2 + "7 ");
13 int answer = input.nextInt{); The statement tests (numberl +
14 number2 = answer). It is true in this
15 while (numberl + number2 != answer) { case. execute the body.
16 System.out.print("Wrong ansuer. Tr'y again What is "
17 + numberl + " 4 " 4
18 answer = input.nextIntt Check Your Understanding
13 Pl St
28 Which line will ba executed after this line?
21 System.out.println{"You g
22} 16
23}
OK | Cancel ==

Figure 4a. The animation tests student understanding of the
while loop.
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2 nimiberl 4
3 public class RepeatAdditionQuiz { miimber? 2
4 public static void main(String[] args) { A
5 int numberl = (int)({Math.random{} * 18); - 1
6 int number2 = (int){Math.random() = 18);
7
8 // Create a Scanner
9 Scanner input = new Scanner(System.in);
18
11 System.out.print(
12 “What is " + numberl + " + " & number2 + "2 ");
13 int answer = input.nextInt(); The statement tests (numberl
14 number2 = answer). It is true in this
15 while (numberl + number2 != answer) { use, execute the body.
16 System.out.print("Wrong answer. Try again. What is
17 + numberl + " # " 4 number2 + "2 ");
18 answer = input.nextInt();
19 }
20 Check Your Understanding
21 System.out.println("You go
22 } You are comrect!
23} .

OK

Figure 4b. The animation responds to student answer.

5 Animation for the break Statement

To see how the break statement can be used to simplify coding
and how it works, let us look at the Palindrome program

(https:/liveexample.pearsoncmg.com/codeanimation/Palindro
me.html). The program prompts the user to enter a string and
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import java.util.Scanner;

1

2

3 public class Palindrome {

4 /** Main method */

5 public static void main{String[] af‘gs) {
]

7

8

/f Create a Scanner

Scanner input = new Scanner(System.in);  Variable Name  Value in Memory
. low a
9 /¢ Prompt the user to enter a string
18 System.out.print("Enter a string: "); high 3
11 String < = input.nextLine{); isPalimdrome Salse
12
13 /f The index of the first character in the string
14 int low = 8;
15
16 /¢ The index of the last character in the string
17 int high = s.length() - 1;
18
19 boolean isPalindrome = truej
28 while {low < high) {
21 if (s.charft(low) '= s.charat{high}) {
22 isPalindrome = false;
23 break;
g: 1 The statement breaks out the while loop.
26 Low++;
27 high--; Check Your Understanding
28 }
29 Which line will be executed after this line?
38 if (isPalindrome})
31 System.out.println{s + 26
32 else
:3 y System.out.println(s + oK Cancel
ELT ]

Figure 5a. The animation tests student understanding of the
while loop.
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tests if the string is a palindrome. As you step through the
code, you will encounter the break statement in line 23. The
animation tests student understanding of the break statement
with a question “Which line will be executed after this line?”,
as shown in Figure 5a. If the user’s answer is 26, the
animation will display that “Wrong. The next line to execute is
307, as shown in Figure 5b.
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1 import java.util.Scanner; 204 9

2 ‘—)!a Ble dl

3 public class Palindrome { 'T T

4 /** Main method */ i i

5 public static void main{String[] args) {

[} // Create a Scanner

7 Scanner input = new Scanner{System.in); Variable Name  Value in Memory

8 : fow "

9 // Prompt the user to enter a string

18 System.out.print("Enter a string: "); high 3
| 12 5tring s = input.nextline(); isPalindymne false

12 ————
13 {7/ The index of the first character in the string

14 int low = 8;
| 15
| 16 /! The index of the last character in the string

17 int high = s.length{} - 1;

18

19 boclean isPalindrome = true;

20 while (lew < high) {

21 if (s.charAt{low) != s.charAt{high)) {
| 22 isPalindrome = false;
|23 break;

i: 1 The statement breaks out the while loop.
| 2B lows+;

27 high--; Check Your Understanding
| 28 }

29 Wrong, The next line o executs is 30

30 if {isPalindrome}

31 System.cut.println(s OK
| 32 else - 3

33 System.out.println(s 15 WU s pad i Gy,

34

s}

Figure 5b. The animation responds to student answer.

6 Animation for Methods

Defining methods and invoking methods is a challenge
subject to teach. Students often find it difficult to understand
how arguments are passed. An animation that shows how a
method is invoked interactively can effectively convey the
concept and help students see the big picture and as well as the
small details on parameter passing. Let us look at the program
TestMax.java
(https:/liveexample.pearsoncmg.com/codeanimation/TestMax
.html). The program starts the execution from the main
method and it then invokes the max method in line 6, as shown
Figure 6a. When the max is called, the values of i and j are
passed to num! and num2, as shown in Figure 6b. When the
return statement is executed, the method is finished and it
returns a value back to its caller, as shown in Figure 6¢. The
returned value in the caller is assigned to variable k, as shown
in Figure 6d.
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C @ Secure  https/liveexample.pearsonemgcomicade.. & ¥r () 2 o
= K3 B
1 public class TestMax { Variable Nume  Value in Memory
2 /** Main method *f ] 5
3 public static void main{String[] args) { f j
4 int £ =6 i :
x int § = i The max method 15 mvoked
B int k = max{i, §);
7 System.cut.println("The maximum between " + 1 +
3 “and Y4 f4 "ds "4 k)
9 t
| 19
|11 /** Return the max between two numbers */
12 public static int max(int numl, int num2) {
13 int result;
14
| 15 if (numl > numl)
| 18 result = numl;
| 17 else
| 18 result = num2;
19
| 20 return result;
FIE
|22 }

Figure 6a. The max method is to be invoked.
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1 public class TestMax { Variable Name  Value in Memory
2 /** Main method */ f T &
3 public static void main(String[] args) { =
4 int i =5 i &
5 int §= 2 §
[ int k = max(i, j);
7 System.out.println("The maximum between " + 1 4
g Tand T+ 3+ "ds "+ k); Ihe values of i and j are passed to
numl ind numa.
i@
11 /** Return the max between two numbers */
12 public static int max(int numl, int num2) { et 5
12 int result; et | 2
14
15 if (numl > num2})
16 result = numl;
17 else
18 result = numi;
19
28 return result;
21}
2}

Figure 6b. When invoking max(i, j), the values of i and j are
passed to numl and num?2.

7 Animation for Pass By Value

Java passes arguments by value. To help student grasp this
concept, we use the Increment.java program
(https://liveexample.pearsoncmg.com/codeanimation/Increme
nt.html), as shown in Figure 7a. The program invokes method
increment(x). The value of x is passed to n, as shown in Figure
7b. The method increases n by 1. Variable n becomes 2 now,
as shown in Figure 7c. After the method is finished, the local
variable n is removed from the memory and the control is back
to the caller. The variable x remains 1, as shown in Figure 7d.
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oublie olass: Tntramant Variable Name  Value in Memory

1 {

2 public static void main(String[] args) { x l:l
E ] int ¥ = gl

a4 System.out.println{"Before the call, x is " + x);

5 increment{x);

6 "
7

B

9

System.out.println{"After the call, x is " + x);

The value in % is passed to n to invoke the
public statlec void increment(int n) { method. »

18 e

11 System.out.println{"n inside the method is " + n);
12

13 }

1 public class TestMax { Variahle Name  Valug in Memory
2 /** Main method =/ i | 5
3 public static void main(String[] args) { ; L =
4 int i =16 ; |
5 int § = 2 ;
6 int k = max(i, j);
7 System.out.printin{"The maximum between " + 1 +
3 “and "+ F+ " is "+ k);
9}
1@
11 /** Return the max between two numbers */
12 public static int max{int numl, int num2) { mw! 5
13 int result; mrm? 2
14
15 i (numl > num2) resiilt )
16 result = numl;
17 else
18 result = numi;
13 The result is retumned from the
;? retuen results oy method. The max methad s
inished,
2 ) finished

.Figure 6¢. The result is returned from the max method.

[ Listing 6.1 Animation by %
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=3 1 3

1 public class TestMax {
2 /** Main method */ i 5
3 public static void main(String[] args) {

4 int &= )| P
5 int =2 |; The retumed value is assigned to
-1

7

8

i F]
5

int k= max{i, j); vorablek
System.out.println{"The maximum between ™ + 1 +
“and "+ 4 + " is " + K);

s )
1e

11 /** Return the max between two numbers */
12 public static int max(int numl, int num2) {
13 int result;

14

15 if (numl > numl)

16 result = numl;

17 else

18 result = num2;

19

28 return result;

21

22}

Variable Name  Value in Memory

Figure 6d. The result is returned and the returned value is

assigned to k.
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[ Listing 5.4 Animation by %

=3 £ 3

C @ Secure hitps//liveexample.pearsoncmg.com/codean. @& fr O 1 O o

public class Increment { Variable Name  Vialue in Memory

1

2 public static veid main(String[] args) { ¥ 1 |
3 int x = 1 ;

4 System,out.println{“Before the call, x is " + x};
5 increment(x); The statement invokes the increment method,
6 System.out.printin("After the call, x is " + x);
7
a

9 public static void increment(int n) {

18 [

11 System.out.println(“n inside the method is " 4 n);
12 }

13}

Figure 7a. The variable x is initialized to 1.

Figure 7b. The value of x is passed to n array is created with
initial values.
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1 public class Increment { Variable Name  Value in Memory
2 public static void main(String[] args) { x l:l
3 int x = 1 5

4 System.out.println{"Before the call, x is " + x);

5 increment(x);
1
b
B

System.out.println{"After the call, x is " + x);
L] public static void increment(int n) { " 2
1@ i The statement increments n by 1.
11 System.out.println{"n inside the method is = + n);
12
13 }

Figure 7c. The variable n is increased by 1.
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1 public class Increment { Variable Name  Value in Memory

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

3 int % =1 H

4 System.out.println{"Before the call, x is " + x};

s increment(x);

[ System.out,printin(“After the call, » is ™ + x);

; ¥ The statement displays the value of x after the BeZore the oxil, %48 1
. method call, " o inside the method is 2

a public static veid increment({int n) { After the call, = is L

12 ]

11 System.out.println{”n inside the method is " + n);

12

13 )

Figure 7d. After the method increment(x) is finished, local
variable n is gone.

8 Animation for Arrays

An array represents a sequence of values. It is a very useful
data structure for storing and processing a collection of data.
Code animation can be used to demonstrate how data is stored
in an array and how to access the data in the array through
array index variable. Let us look at the SelectionSort.java
program
(https:/liveexample.pearsoncmg.com/codeanimation/Selection
Sort.html). The program creates an array with initial values, as
shown in Figure 8a. It invokes the selectionSort method to sort
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the array. The parameter list in the selectionSort method is bmd - O X

now pointing to the array, as shown in Figure 8b. The

[ Listing 7.8 Animation by, %

C | @ Secure | httpsy/liveexample pearsonemg.com/codeanim . & & | D | O -
selectionSort method finds the smallest value in the array and
swaps it with the first value in the array, as shown in Figure m
8c. The method continues the same process of finding the 3. it ciey et 4
smallest value and swaps it with the first one in the remaining o Lo L ool ;g;;:go;g;,;;ggj;;e;g it
: : 4 for {int i = @; i1 ¢ list.length - 1; is+) { i
Subarra}” as Shown n Flgure 8d' 5 /f Find the minimum in the 1ist[i..list.length-1] |_'°“_|
[ double currentMin = list[i];
7 int currentMinIndex = i;
bed - DO X 5
N oy 2 for (Int J =1+ 13 J < list.length; j++) {
Dittha 78 Arination by, 18 if (currentMin > list[{]) { %
C @ Secure | hittps://liveexample pearsoncmgcom/codeanim.. @& v QO O O o u currenthin = liﬁ[j!i The statements find the smallest element
2 j PEESIARISSS 08 in the sublist from index 0 10 5. The
14 ¥ element is -1.3
Resel Next 15
16 J# Swap 1ist[i] with list[currentMinIndex] if necessary;
: 17 if (currentMinIndex != 1) {
1 public class SelectionSort { 18 list[currentMinIndex] = list[i];
2 /** The method for sorting the numbers */ 19 1ist[i] = currentMin;
3 public static void selectionSort{double[] list) { 20 ’ f—=[0)] -z.0
a for (int i = @; i ¢ list.length - 1; is+) { 21 } ml 4.8
5 S/ Find the minimum in the list[i..list.lemgth-1] 22 } o]
[ double currentMin = list[i]; 23 S35
; int currentMinIndex = i; 4 public static void main{String[] args) { :il s
ubl ist = {f 4, 3 4 2.0
D s en )t o = esunue U B D LB
i? Fch‘::xﬁ::‘f ;:::F;%]) { 27 for (int i = 8; i < list.length; i++)
12 currentMinIndex = i;' ig } System.out peint{Hst[d]) & ")
13 } 303
14 }
15
16 S Swap 11st[1] with list[currentMinIndex] if necessary;
17 if (currentMinIndex |= i) {
18 list[currentMinIndex] = list[i];
19 list[i] = currentMing e
20 i ~ . . .
z 9 m as | Figure 8c. The smallest value -3.3 will be swapped with the
2 12l s.e
23 The statement creates an array with six values, Bl 1.0 ﬁI'St Value '2.0.
24 public statid void main(String[] args) { E -
b1 doublel] 1ist = (52, 48, 50 [, 2w, @ay 20
26 selectionSort(list); [51] -3:2
prs for (int 1 = @; 1 < list.length; i++)
28 System.out.print{list[i] + " "); il o X
i: y ] [ hting 7.8 Animation by %
C & Secure | hitps)/liveexample.pearsonemgeomicodeanim.. @ ¥ QO ) O o

=

}

public stati

vold main(String[] args) {

Figure 8a. The array is created with initial values. 1 public class SelectionSort {
2 /** The method for sorting the numbers */
3 public static void selectionSort({double[] liit) {
4 for (int 1 = @; 1 < list.length - 1; i++) | 1
(<= = a x | 5 // Find the minimum in the 1ist[i..list,length-1]
[ Listing 7.8 Animation by 6 double currentMin = 1ist[i];
7 int currentMinIndex = I;
C @ Secure | https//liveesample.pearsancmgcom/codeanm.. & fr QO 0 O . 3 8
| 9 for (int J =1 + 1; § < Iist.length; j++) {
| 1@ if (currentMin > list{31) {
m | n currentiin = Ilst[j!; The statements find the smallest element
| s } GUCLSEM I T in the sublist ffom index | 10 5. The
i mme | 14 element is -2
public class SelectionSort { }
2 /** The method for sorting the numbers */ |15
3 public static veid selectionSort{double[] list) { | 16 £ Swap list[i] with list[currentMinIndex] if necessary;
4 for (int 1 = @; 1 < list.length - 1; i++) | 17 if (currentMinIndex |= i)
5 /f Find the minimum in the list{i..list.}enpth-1] | 18 list[currentMinIndex] = list[i];
6 double currentMin = 1ist[1]; e angument is passed to invoke the | 19 1ist[i] = currentMin; 0 =a.3
7 int currentMinIndex = i; method. list references the army | 2@ : .
8 created in the|main method |21 } =[] a.s
9 for (int § = 1 + 1; § < list.length; f++) { |22} 2] s.0
1@ if (currentMin » 1ist[4]) { | 3 : ; il 1o
11 currentMin = list[i]; | 24 public static void main{String[] args) {
12 currentiinindex = i | 25 double[] list = {2 , 45, 5 , 1 , 2 , 33y M| 2.0
13 | 28 selectionSort(list); curron Mihncies: — 151 BSSRE ]
14 } | 27 for {int 4 = @; 1 ¢ list.length; i++)
15 | 28 System.out.print{list[i] + " *);
16 S/ Swap list[i] with list[currentMinIndex] if necessary; | 20
17 if (currentMinIndex != i) { 3@ }
18 list{currentMinIndex] = list[i];
19 list[i] = currentMin; —f
20 ' - -2.0
21 1
22
23
24
25

double[] list = {-2 , 45, 5 , 1 |,
selectionSort{list);
for {int i = @; i < list.length; i++)
System.out.print{list[i] + = ");
¥

2 |, [@ay

Figure 8b. The parameter list in the selectionSort method
points to the array.

Figure 8d. The smallest value -2.0 and the fist value 4.5 in the

remaining subarray will be swapped.

9 Animation for Passing Arrays to
Methods

Java passes arguments by value. For an argument of a

primitive type, the argument’s value is passed. For an
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argument of an array type, the value of the argument is a
reference to an array; this reference value is passed to the
method. Semantically, it can be best described as pass-by-
sharing, that is, the array in the method is the same as the
array being passed. Thus, if you change the array in the
method, you will see the change outside the method. This is
often a difficult concept for students. To help student grasp
this concept, we use the TestArrayArguments.java program
(https://liveexample.pearsoncmg.com/codeanimation/TestArra
yArguments.html), as shown in Figure 9a. The program
invokes method m(x, y). The value of x is passed to number
and the value of'y is passed to numbers, as shown in Figure
9b. Note that since y contains the reference value for the array,
now numbers and y point to the same array. The method
assigns 1000 to number in line 13 and assigns 5555 to
numbers[0], as shown in Figure 9c. After the method is
finished, the local variables number and numbers are gone.
However, the array is still there. It is referenced by y. y[0] is
now 5555.

T = o *
[ TestPassArguments Ani X
C | @ Secure  https//iveexample prarsancmg.com/codsanim a %0 0 =

1 public class TestArrayArguments { Il |:
2 public static void main{String[] args) {
3 int x = 1; // x represents an int value
4 int[] ¥ = new int[18]; // y represents an array of int values
L4
& m{x, yL I/ Invoke m with arguments x and y
7 The stremrent fmvokes s v W] o
B System.out.println("x is " + x);
9 System.out.println(“y[@8] is " + y[@]); 1 o

W[ o

d m(int number, int[] numbers) {
/ Assign a new value to number
25; A/ Assign a new value to numbers[@]

Bl = (m] X
[ TestPassArguments Ani-
C & Secure  https//liveexample pearsoncmg.com/codean a+ O O &
3
s * 1
1 public class TestArrayArguments {
2 public static veid main{String[] args) {
3 int x = 1; // x represents an int value
4 int[] y = new int[18]; // y represents an array of int values
5
B mfx, y;i A/ Invoke m with arguments x and y
7 =
Gt
8 System.out.println{"x is " + x}; ' 7 =
9 System,out.println{"y[8] is = + y[e]); ] []
) :
11 .
12 public static void m{int number, int[] numbers) { Al =
13 number = 1281 Assign a new value to number
14 numbers[2] = /f Assign a new value to numbers[@]
15 .
| 18 1 to number and the value of v 1o munber i
to the amay. Now

numbers and ¥ reference the same array.

Figure 9b. The value of x is passed to number and the value of
y is passed to numbers.
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[0 — a
[ TestPassarguments Anin %
@& Secure | httpsy//liveexample.pearsonemgcom/codeanim . @ QO 0O &
| Resst ) vl owe |
T

1 public class TestArrayArguments { ;]

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

3 int x = 1; // % represents an int value

4 int[] y = new int[18]; // y represents an array of int values

5

6 mix, y[; /¢ Invoke m with arguments x and y

¥ i<

B System.out.printin("x is " + x); 101 ssss

9 System.out.printin{"y[e] is " + y[@]); My o
@} .

1 =

L)

12 public static wvoid m{int number, int[] numbers) { [ Jg
13 number = 1881; // Assign a new value to number

14 numbers[@] = 55555 // Assign a new value to numbers[8]

15 7 EEER e npy r .

16 } } o valve 5355 15 assinged to numbers| 0] mmber [ 1o01

Figure 9c. 1001 is assinged to number and 5555 is assigned
numbers[0].

10 Conclusions

Code animation is a great tool for instructors and students
to teach and learn programming. It enables students to see the
code execution visually and interactively. It helps novice
students to grasp difficult concepts on variables, selection
statements, loops, methods, pass by value, and arrays. We
have used code animation in our interactive REVEL ebooks
published by Pearson. Initially, we had one code animation
per chapter. Instructors and students love it and provide us
with a very positive feedback [4, 5]. Now the code animation
is expanded, which includes almost all the examples in the
first seven chapters to help new students get on track in
programming. Our future work is to improve the code
animation and create more effective code animations.
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