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Abstract 
In introductory Java exercises, students learn basic object-oriented concepts and implement the 
functions of each object. In this research, we propose a Java programming exercise and its support 
system that leads toward stepwise development style. The system merges a partially completed answer 
code into the appropriate part of the exemplar code and performs various tests. We aim for exercises 
that students continually improve the code to satisfy stepwise test cases and can aware of the 
responsibilities of each object. In this paper, we describe functions of a trial version of the support system 
and prepared some easy problems for stepwise development. We discuss the appropriateness of the 
problems in the exercise. 
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1 INTRODUCTION 
An introductory programming exercise in an information engineering course of a university often uses a 
procedural programming language such as C language. After that, exercises of object-oriented 
programming (OOP) with Java language and so on are performed. In this exercise, students learn basic 
grammars and concepts such as class inheritance, instance creation, and method definition. However, 
such OOP exercises tend to treat mainly grammar verification problems as the object-oriented language. 
As the result, students often stay in coding similar to procedural languages they have learned so far. 

In this research, we propose more effective exercise style that experience the object-oriented design 
and implementation in practice. We aim for exercises that students continually improve the code and 
can aware of the responsibilities of each object. We are constructing some problems and developing an 
exercise support Web system ”TooDex" (Fig. 1).  

2 OVERVIEW OF OUR JAVA EXERCISES AS OOP DEVELOPMENT 
In this exercise, a teacher gives an exercise project with some problems. In the project, each team with 
about three members must solve them with cooperation. We are considering implementation in classes 
in the third year of the undergraduate level. The teacher creates an exemplar code and several 
execution tests. He selects where to make a code block of methods or classes. As problems of the 
project, he presents program specification and a code on a Web page of TooDeX. The code is disclosed 
in the state of hiding the block of the problem part. The students implement partial codes that 
complement the block in a local environment. Then, they submit each code as an answer to the Web 
server. We lead students' continuous integration and refactoring by presenting stepwise questions. 
Make the students aware of the responsibilities of the object and practice realizing the behavior only for 
one purpose. Their answer codes are evaluated in two aspects of external result tests and internal 
quality tests. These tests include unit tests that run on classes and methods and combined tests that 
run on code throughout the team.  

In the external result tests, the execution results of the input / output samples are confirmed as external 
evaluations of the program based on the functional requirements. It is a so-called black box test. We 
also measure execution performance such as processing speed and responsiveness as non-functional 
requirements.  

The internal quality tests are internal evaluations focusing on the quality of source code they are non-
functional requirements. They are software metrics measurements and advanced tests to verify 
cohesion, coupling, code safety and extensibility. Static analysis with software metrics warns for codes 
that show anomalous redundancy or complexity. In addition, the advanced tests access the method that 
should be defined as private from outside and tests whether an error occurs or not. With these, we make 
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students aware that they will only refer and disclose only the information they need, and minimize 
message communication with other objects.  

As the subject of the beginning of the exercise, we use "sorting algorithm". This subject lets the students 
experience expressing behavior as an abstractive object, using functional specification that is difficult to 
grasp as physical objects. In the future, we will consider a simple board game (Tic-Tac-Toe) and 
embedded control of LEGO robots.  

3 EXERCISE PROGRESS AND SUPPORT SYSTEM TOODEX 
This model of exercise consists of four components: Subject, Project, Problem, Task. Subject 
corresponds to the subjects of the class, and has information such as the outline of the class and the 
holding period. Project is the final goal when students work on exercises. This is similar to a project at 
a development site. For example, there are "implementation of sorting algorithm" and "implementation 
of Tic-Tac-Toe". Problem is the stepwise goal to achieve the Project. These include data generation, 
sorting, and output in the sorting algorithm, and board output and win / loss determination in the tic-tac-
toe. Task is more detailed and divided Problem. In the main question "generation of data in sorting 
algorithm", "generation of data sequence by standard input" and "generation of data sequence by file 
reading" are mentioned as Task. The students repeat the implementation and refactoring of each Task 
in each Problem. If all the implementation in Problem is complete, move on to the next Problem (Fig. 2). 

Task correspond to unit tests, and Problem correspond to combine tests. When answering Task, always 
merge the exemplar code and perform unit tests. When all the Task have been completed, merge all 
the answers to the previous Task into the exemplar code and perform the combine tests. Therefore, 
even if there are unimplemented Task, the implementation can proceed using only the external 
specification as a black-boxed method. Students can continue their answers even if it is difficult to 
implement the Problem or Task up to the previous stage, or when the teams share tasks when answering 
Task. This also simulates the experience of sharing and commissioning in team development for 
students. 

 
Figure 1. Exercise support system “TooDex”. 
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Figure 2. The Flow of a project in our exercise. 

4 EXERCISE CONTENTS ABOUT A SUBJECT OF SORTING ALGORITHM 
In this research, various sorting algorithms are used as a typical subject. However, each algorithm itself 
has already been learned. This is used as the subject of the development method. Therefore, programs 
in C language are presented from the beginning, and it is a problem of porting to Java language from 
the perspective of object-oriented programming. In this Subject, a total of 12 classes (of which the 
abstract class is 4) are used. The total is about 300 lines. The answer point is a code block of about 20 
lines per one, and it is about 40% of the exemplar codes in total. 

First, we limit the data to integers and define the data structure. As generation of data sequence, we 
implement three methods of sorted sequence, random number sequence and input sequence. Sorted 
sequence are used to verify the results. At this stage, students will practice reification of abstract classes, 
and generation of derived classes by inheritance from super classes. 

Next, as the basic processing, the data size judgment, comparison and exchange of data string 
elements, and sorted judgment of partial sequences in the specified range are implemented. At this 
stage, we make students aware of the modularization that reduces coupling and increases cohesion, 
and the sharing of objects and responsibilities. 

Subsequently, the students implement the processing inside the double iteration in the three simple 
sorting algorithms (exchange, selection, insertion) as an independent method for the specified range. 
Each method is called by trial from simple test code and confirmed by unit test. Finally, each process is 
implemented, the combination test as sorting algorithms is performed. Not only the results but also the 
sorting process is the subject of confirmation. 

As advanced problems, students will work on reverse order sorting, partial sorting, change of target data 
type, etc. As a performance evaluation, students also add to the code the output of the number of 
comparisons and exchanges, and the measurement of processing time. At this stage, we will also check 
the using of assertions, reimplementation with recursion, and the appropriateness of visibility of variables 
by access modifiers. 

4.1 Outline design of major classes about data structure 
First, you create the NumData class of numerical data. You implement the comparison method 
isOrder() that determines whether the two data are in normal order. Next, you create the Sequence 
class of data sequence. You create a method isSorted() that determines the internal state of whether 
it is sorted or not by the data comparison method. Also, you implement the method output() that 
outputs data as standard output in the order of storage of data sequence. You implement the method 
swap () to exchange the i-th and j-th data. 
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4.2 Data structure generation 
You create an abstract class SequenceGenerator that receives the number of data and generates a 
data sequence which is the target of sorting. Below that, you define several subclasses, and override 
the abstract method generate() in each class. NormalGenerator class generates a sorted number 
sequence from 1 to integer n. InputGenerator class is an input of data sequence from a standard 
terminal. RandomGenerator class stores data in a range of random numbers. The same numbers may 
be stored in the sequence. ShuffleGenerator class is the generation of random sequences by 
agitation of sorted data sequences. As parameters, the number of exchanges and the probability of 
execution of the exchanges are given. 

4.3 Partial implementation of related classes according to the specification 
You implement a subclass of SequenceGenerator. InputGenerator implements the processing of the 
method input(). This stores integer data given as a character string from a standard terminal in an 
instance of NumData class and push it to a collection. 

4.4 Data generalization and abstract classes 
You create an abstract class Data by generalizing numerical data classes. As data, you also handle real 
numbers, strings, and vectors of multiple values. You override the comparison method isOrder() in 
each class according to the data. You use the lexicographic order for strings and the sum or root mean 
square value for vectors. Also, you make the necessary corrections in the subclasses of 
SequenceGenerator. 

4.5 Implementation of sorting algorithms in specialized classes 
First, you implement the simple sorting algorithm. You create the sorting class abstract class Sort, and 
define the sorting method sort(). After executing this method, the internal state of Sequence is sorted. 
You implement three specialized class of Sort: SelectionSort, InsertionSort, and ExchangeSort. 
We disclose an example of implementation in C language in the problem sentences, and have you be 
implemented in such a way as to apply this to Java Sequence type and NumData type. At this stage, 
you do not need to optimize the number of comparisons and exchanges, or split functions. 

4.6 Refactoring of simple sorting algorithms 
You extend the simple sorting algorithm implemented in the previous step to subarrays. Specifically, 
refactoring is performed such that the inner loop of the sorting algorithm is divided into private separate 
functions. The reason for introducing this as a problem is to experience the modification of the code by 
refactoring. In the smallest scope, we let the students handle simple refactoring examples and make 
them aware of refactoring. Dividing the inner loop as a separate private function makes it easy to 
compare the features of the various simple sorting algorithms. And the rewriting to the recursion 
becomes clear. 

4.7 More advanced problems 
As more advanced problems, you implement exception handling, data type expansion, high speed 
sorting algorithms. As an example of exception handling, you implement the processing of validation in 
order to throw an appropriate exception for inputs outside requirements. In data type expansion, you 
implement FloatData type and StringData type. Students can implement this with minor changes if 
they can properly implement the Date type. For high speed sorting algorithms, you implement each of 
QuickSort, MergeSort, and HeapSort classes. These algorithms are already indicated as C language 
implementation examples.  

5 A TRIAL EXPERIMENT AND USER EVALUATIONS 

5.1 A trial experiment 
As a trial experiment of the exercises, we questioned the sorting algorithm problems to a total of seven 
people from the undergraduate 4th grade to the 2nd grade master's course, majoring in information 
technology. The purpose of this attempt is to confirm the validity of the exercise time, difficulty level and 
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volume of the problem. In the experiments, we used some of the sorting algorithm problems described 
in Section 4. After answering the exercises, we gave the students the intention and commentary on this 
question. After that, we asked them a questionnaire. In the questionnaire, we first asked about the 
difficulty of the problems and the implementation time. After that, we asked them to freely answer what 
they were just wondering (Table 1) (Table 2) (Table 3). 

5.2 Evaluation by users 
We think that one of the factors is that classes that are not necessary for answering these problems are 
included in the code we presented. Most of the students who participated in the experiment took a 
considerable amount of time to read the code we prepared. Therefore, there was also an opinion that it 
was difficult about this part. In the free-form questionnaire, there was an ambitious opinion that "it is 
important for software development to read source code written by others, so I want you to be included 
in the exercises." There were many opinions that the implementation time was appropriate, considering 
the curriculum of our university before and after. There was an opinion that it was difficult about the 
degree of difficulty, but there were many opinions that it was appropriate.  

Table 1. The result of the questionnaire on the difficulty level. 

I think it might be difficult for me to answer in the third grade. 

It was not difficult, but it was a problem that required knowledge. 

The undergraduate 3rd grader already learned the sorting algorithms. 
So I felt that the difficulty of the question was appropriate. 

It will be easy for those who understand, but it will be difficult for those  
who do not understand. 

It was difficult for me because I was not very good at object-orientation. 

Table 2. The result of the questionnaire on the implementation time. 

I think that it is appropriate to some extent because it will not get stuck with the algorithms. 

I think that it is appropriate as the implementation time of this exercise  
because it is after the exercises of the algorithm and the object-oriented class are over. 

As class design becomes important in game development to be performed 
in the third grader second half, I think that it is good in the third grader first grade. 

Table 3. The result of the questionnaire on the free-form. 

It was hard to read the code that others had implemented. 

it is important for software development to read source code written by others, 
so I want you to be included in the exercises. 

As I am not good at programming, it is hard to start solving problems suddenly. 

I think that it is good because I can learn the part which was only the explanation 
in the past class by the exercise. 

6 RELATED WORKS 
As a related research, there is a system ArTEMiS that automatically evaluates and feeds back students' 
answers using test [1]. Students use the system with various version control and continuous integration 
tools. Also, as an example of the problem, implementation of quick sort is used. 

An exercise support system JPLAS incorporating test drive has also been proposed [2]. In this exercise, 
the system shows test code, and students implement code that satisfies them. The support system 
executes the test code for the student's answer and returns the result. 
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In addition, a exercise that incorporate elements of the game has also been proposed [3]. In this 
research, they use the game TankBrains. In this exercise, students try to improve their motivation by 
creating AIs and competing them. Our laboratory also conducts programming exercises that incorporate 
elements of the games [4][5][6]. We carry out exercises using card games or board games for third 
grade undergraduate students. 

In our research, we aim at educational support for more beginner students. In particular, emphasis is 
placed on developing object-oriented coding for students. Therefore, the exercises do not deal with 
version control etc. The functions close to them are realized inside the support system. Also, tests are 
used to evaluate answers and provide feedback, but do not disclose specific test codes. 

7 CONCLUSIONS 
We propose Java programming exercises for object-oriented development by stepwise refinement. To 
the students, the exemplar code is disclosed in the state of hiding the block of the problems part. The 
students implement partial codes that complement the block. The external result tests test a processing 
speed, checking input / output samples with execution results, etc. These are black box tests that test 
functional requirements external evaluations. The internal quality tests are internal evaluations to 
confirm the quality of the source code that is nonfunctional requirements. Check the safety and 
extensibility of the code from the degree of cohesion and coupling.  

In addition, in order to examine the difficulty level and the implementation time of the class, we conducted 
a trial experiment using the sorting algorithm problems. In the questionnaire, many respondents said 
that the difficulty level is appropriate or a little difficult. There were many opinions that the implementation 
time of the exercise would be appropriate. In the free-form response, we could also get ambitious 
opinions about reading other people's source code and learning about areas that we did not deal with 
in class before. In the future work, we will implement the remaining functions and improve the problems. 
And we will use this system in the actual class as production environment and examine the educational 
effects. 
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