
 

 

 

 

 Abstract — The paper presents an experiment of teaching  

Java-based concurrency using a robot simulator. The computer 

programming education is a challenging task, especially when 

non-computer science students are taught complex 

programming concepts. Recently, great deals of simplified 

programming languages, environments and simulating software 

have been proposed to support teaching and self-learning 

different programming techniques.  But still, there is no 

solution facilitating effective teaching in the domain of 

concurrent programming in the Java language. In this paper we 

present our original concept of exercises using a robot simulator 

to teach Java-based concurrency. The simulator seems to be a 

good solution facilitating the education of concurrent 

programming, as actions performed in real-time by the 

simulator allow students to quickly identify their mistakes.  

I. INTRODUCTION 

The courses introducing computer programming aspects 

have been gaining difficulty in terms of both the scope of 

required knowledge and complexity of programming 

environments. This phenomenon is the consequence of the 

progress made in computer science. Students require new 

approach to teaching, different from the one practiced by 

previous generation [1]. In the era of the Internet, 

PlayStation and tablet PCs, the purely theoretical exercises, 

such as finding the mean of a set of numbers, are no longer 

perceived by students as an exciting challenge. Ubiquitous 

presence of computer devices causes the emergence of new 

expectations; for instance such issues as GUIs or even 

dispersed systems are often introduced during the first years 

of studies. These new concepts introduced in the courses 

require more time and effort from students, making the 

course more difficult to pass. According to the Computer 

Curricula 2001 Report, the increase of the number and 

difficulty level of subjects in computer science, which are 

taught, is proportional to the level of the problems' 

complexity, which students have to deal with [2].  

It looks like the major problems, the computer science 

education has to face in order to preserve high quality are 

related with software complexity and the lack of stability. 

The complexity is steadily increasing, as the number of 

different aspects of software development has risen over past 

years. In the meanwhile, the programing languages, libraries, 

frameworks and programming environments are evolving 

rapidly [3]. These two problems lead to a contradiction. On 

the one hand, increasing the difficulty of computer science 

subjects lengthens development of effective educational 

strategies. On the other hand, the increasing velocity of 

computer science expansion causes new teaching materials 

becoming soon out of date.  

Development of a method reducing the complexity of 

computer science issues and easing the impact of instant 

changes in this field would significantly benefit the 

education concerning computer science and, in particular, 

software development. In order to improve educational 

process, the factors impacting the computer science have to 

be identified. The most significant factor, causing the 

complexity and instability is related the lifetime of computer 

science field. Since the popularity of the Pascal language 

twenty five years ago, the number of computer scientists has 

increased significantly. At present, a lot of freelancers and 

enterprises are involved in development of computer-based 

products and services. When a new prospective technology 

appears, such as Java, people and businesses invest their 

time and resources in fostering the development of this 

technology. From their point of view, the rapid changes to 

Java and its API can be perceived as indicators of the 

success. The fact that Java has been developed faster than 

other programming languages comes from the wide reception 

from the IT industry, which has accelerated its continuous 

evolution. 

The suitability of choosing Java for software development 

seems to be out of question. The competitors of Java are 

either obsolete or, as in the case of C#, they represent similar 

approaches and concepts. Moreover, as Java was intended to 

be used by embedded systems, this language may be used to 

develop wide range of software applications, from web 

services, by desktop programs, to the microwave oven 

control systems. These arguments show that there is no 

reason to replace Java by any other solution. However, the 

issues concerning the complexity and instability still need to 

be solved. 

The concept of concurrency is an example of one of the 

difficult issues which students need to face at early stage of 

computer programming education. Topics concerning 

threads management and synchronization, resource sharing, 

locks and deadlocks cause many misunderstandings and 

unidentified bugs in the source code. These problems need 
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an effective method of teaching concurrency related aspects, 

which would visualize the anomalies of incorrectly 

implemented threads. 

In this paper we present the robot simulator facilitating the 

education in field of Java-based concurrency. The remaining 

of the paper is organized as follows. Section II describes the 

state of the art in computer programming educational 

platforms, e.g., MiniJava, Karel, Scratch and Alice projects. 

Section III presents and evaluates a simulator-based exercise, 

which aims at facilitating teaching the non-computer science 

students concepts of concurrency. Finally, Section IV 

concludes the paper.  

II. PLATFORMS SUPPORTING EDUCATION OF COMPUTER 

PROGRAMMING 

During the introduction of advanced aspects of 

programming, requiring proficiency in the application of 

Java libraries is not a good idea. Instead, students should be 

introduced to computer programming by means of a more 

limited environment, which is closely related to Java but 

simultaneously lacks the complexity [9]. As Java has been 

developed for professional use, not for teaching 

programming concepts, there are plenty of technicalities 

which make understanding Java more difficult for non-

computer science students with no programming 

background. These are obstacles for successful teaching 

advanced aspects of Java programming such as the 

concurrency. In conclusion, there is a strong need for a 

simplified environment having all the Java syntax and 

semantics, but simultaneously allowing to present complex 

issues in a simplified way. 

A. MiniJava 

Beginning programmers often have trouble translating 

their intentions into syntactically correct statements that the 

computer can understand [11].  Java has a number of weak 

points which limit its successful education on the 

introductory level [16, 17]. On the whole, the problem 

escalates as a result of forcing the students to get insight into 

conceptually elaborate aspects of its structure while 

developing even the simplest programs. Accordingly, 

beginners in Java have to become acquainted with a great 

deal of complicated details before they are able to 

understand crucial ideas. The most gifted students will 

handle this issue, however, the others will become frustrated 

and will leave the world of programming unaware of its 

power and usefulness. The main reasons why Java is so 

elaborate in the process of education include: 

─ size of the language and its libraries,  

─ evolution caused by the long lasting variation in Java 

platforms,  

─ standard input operations,  

─ handling exceptions,  

─ the graphical model.  

Although MiniJava has been designed as a simpler form of 

Java, it is not its exact subset. Relation between Java and 

MiniJava has been presented in Fig. 1. The limited subset of 

relevant elements of the entire language, MiniJava core, is 

created starting from the full set of Java represented by the 

greatest ring in the top-left corner.  

 

Fig.  1 The relation between Java and MiniJava 

In the following step one can note a simplification to 

MiniJava of the elements of the new subset. That makes it 

easier for beginners to utilize the elements. Students start 

learning Java with carefully selected tools appearing in the 

more approachable form. As the students expand their 

programming skills they learn how the simplification was 

implemented and how to handle without it. Each restriction 

made while building MiniJava can be rationally explained. 

One of the restrictions is a limitation of the number of 

libraries. It is obvious for developers that understanding of 

Java packages is indispensable in the process of developing 

programs. At the same time they assume that it is sufficient 

for the students solving simple programming problems to use 

a significantly narrowed collection of packages. Finally, 

today, even for experts, programming to a very great extent 

consists of finding relevant structures within an extensive 

collection of available tools. Work with extensive libraries 

and the ability to ignore the fragments which are unnecessary 

for the application is a significant programming skill which 

is to be mastered while learning programming. 

Implementation of this approach can be very problematic for 

students learning sole programming. That is because in fact 

they do not know what they need and the list of available 

tools is overwhelming. Thanks to MiniJava it is possible to 

get students acquainted with more refined concepts such as 

multithreading. Although, it is possible to do otherwise, 

Minijava has been designed mainly to teach basic 

methodology elements: decomposition, encapsulation, etc.. 

The lack of visual perception of many threads in MiniJava 

causes that the process of learning of this concept is not 

much different than learning based on standard libraries. 

B. Karel – the robot 

Rich Pattis, graduate student of Stanford University, came 

to the conclusion that it will be easier to teach basics of 

programming if students have the possibility to learn these 
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concepts in a new and simple environment, instead of using 

an enterprise-driven approach. Inspired by success of LOGO 

project, Rich Pattis created a pilot programming 

environment, called Karel, in which students program a 

virtual robot to solve simple problems [12].  

Karel is a virtual robot embedded in a very simple world. 

There are avenues running north and south numbered one to 

infinity and streets running east and west, also numbered one 

to infinity [13]. By giving a series of commands we can 

make it perform certain tasks. The process of defining those 

commands is called programming. Karel knows only few 

predefined commands, however, a crucial part of 

programming is teaching Karel new commands which 

expand its capabilities.  

Predefined commands and syntactic rules define a Karel 

programming language. This language bears some 

resemblance to Java. Owing to this fact it is easy to switch 

between those two dialects. Karel and Java programs have a 

very similar structure and include the same basic elements. 

The most important difference between the two languages is 

that the scope of Karel programming language is narrow, i.e. 

it does not have many commands and rules. It is easy, for 

example, to learn the entire language within several hours. 

Then the student knows Karel's capabilities and is able to 

define its activities in the program. Details when compared 

to Java are easier to master. Despite this fact, one can easily 

find out that a solution to a problem may turn out to be a big 

challenge. Solving problems constitutes the essence of 

programming and the rules are only a minor obstacle. 

Certainly, Karel is a step in the right direction. The 

environment emphasizes the visual aspect of programming 

with robots and capitalizes on the “robots are fun” mantra 
[14]. However, this technology has been simplified 

excessively. Although we can discuss basic aspects of 

programming methodology, such as: object-orientation, 

decomposition, encapsulation and hiding information, there 

is little time left for more advanced issues including 

concurrency. As a result, Karel is a good choice to facilitate 

education of Java basics; however, when it comes to more 

sophisticated Java issues, new stimulating environment is 

required. 

C. Scratch – MIT Solution 

Scratch is a project inspired by the fact how children play 

with Lego blocks, putting them together into certain 

structures. The authors - MIT research team, were convinced 

that such approach to education will have incredibly positive 

impact on students programming skills. In fact the scratch 

grammar is a set of graphic blocks used for coding. As in 

case of Lego blocks, the graphic blocks are characterized by 

proper projections and joints implying how the blocks fit to 

each other [10]. Programming is done by dragging and 

dropping these blocks to form scripts that control the 

animation of two dimensional sprites on a stage. [15] In 

comparison to MiniJava or Karel, there is absolutely no 

irritating syntax and implementation details which make the 

concept difficult to understand. Undoubtedly Scratch has an 

advantage over MiniJava such that it provides a lot of 

enjoyment and enables the programmer to mix graphics, 

animations, photos and sounds. Unlike in Karel’s world, 

Scratch users not only learn basic concepts but can also face 

advanced ones like multiple threads. The recipe is easy, 

several behavior elements can be used at once what enables 

the multiple threads to work simultaneously on a Scratch's 

graphical layer. Even though Scratch is a powerful tool, it’s 
far from being perfect for learning advanced aspects of 

programming. It has been already said that, unlike MiniJava, 

Scratch has no irritating syntax. The problem is that there is 

practically no programming syntax, whereas MiniJava uses 

it, and at the same time attempts to simplify it.  As a result 

little correlation is provided with Java programming; 

advanced Scratch users do not necessary become experts in 

the Java language. All aspects of programming are purely 

conceptual. Simplification of the tool also eliminates crucial 

elements of multiple threads which we are unable to present, 

e.g., race condition. 

D. Alice 

Alice [4] is a tool designed for effective teaching of basic 

concepts in computer programming [5] by developing 

animations, storytelling [6], computer games [7], as well as 

more sophisticated applications like controlling behavior of 

real robots [8]. The primary entity of each animation and 

game is a scene. 3D scenes are composed of independent 

graphical components that may be dragged and dropped to a 

main application panel. During the modeling, the author may 

freely move in the virtual world. Components that may be 

things, animals and characters (people, fantasy, etc.) are 

individual objects with their own properties (e.g., color, 

size), variables, methods and interfaces (e.g., jump, rotate, 

say something). Obviously, it is possible for the user to 

define new methods implementing new behavior of objects. 

Alike in object-oriented programming, similar objects (with 

the same design) are of the same class. They may interact 

each other through interfaces as well as with the user by 

events in the graphical user interface, e.g., mouse click or 

key down. Methods of components are comprised of 

standard imperative programming instructions like loop, 

switch and conditional as well as operations on constants and 

variables. 

However Alice is an excellent tool for beginners’ 
programming course that visualize basic elements of Java, it 

does not support teaching more advanced issues, e.g., 

abstract classes, polymorphism and inheritance. Although 

objects in the scene perform actions simultaneously, the 

actions cannot be presented by the application as individual 

threads, so Alice is not a convenient tool for teaching Java-

based concurrency. 
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III. THE EDUCATIONAL STUDY 

In order to facilitate teaching complex Java programming 

concepts, we have worked out a teaching study. The aim of 

the study was to teach non-computer science students the 

concept of concurrency in Java. The idea of the exercise was 

to enable the students to watch the execution of many 

parallel, independent threads on the example of behavior of 

simulation environment. Although the students had a basic 

Java knowledge, their knowledge and skills concerning 

concurrency were measured by the entrance and exit tests.  

A. The exercise 

The exercise has been performed by students working in 

pairs with Eclipse IDE. The aim of the exercise was to 

implement a robot behavior by use of concurrency. The 

application simulates a self-defending robot that switches its 

operation modes (guard, attack and retreat) depending on 

data received from users. The simulated robot works in a few 

modes. When operating in the guard mode, the robot 

simulator indicates its rotation, plays the patrol sound, 

displays the current state on the console, and checks the 

distance to the nearest object. After the distance bar reaches 

a critical position, robot switches into the attack mode – it 

assumes the defensive position, switches on the lights, plays 

attack sound, and starts shooting. After a few seconds, the 

robot switches into the retreat mode – it rotates and runs 

straight for a few seconds. Finally, it returns to the guard 

mode and the whole process can be repeated. At any time the 

robot may be switched off by pressing a button. 

In more details, the students have been supposed to 

implement the thread to examine the close button all the time 

the robot is switched on. The exercise requires also using 

individual threads in the guard mode when the rotation, the 

distance check, and the patrol sound are performed in 

parallel. Moreover, the threads responsible for the defensive 

position, switching on the lights, playing the attack sound, 

and shooting have to be properly implemented, executed and 

managed during attack.  

The application form incorporates four parts: the group of 

information labels, the scrollbar specifying the distance to 

the nearest object, the console, and the close button. 

Information labels represent all activities that may be 

performed by the robot. When the robot is performing an 

activity, the related label is red, otherwise it is black. As 

mentioned before, some activities may be performed in 

parallel, than all relevant labels are red. The scrollbar is used 

by the user to change the mode of the robot – when the value 

is small, the robot changes its state from guard to attack. The 

current mode is visible on the console all the time.  

To allow students to focus only on concurrency aspects 

the GUI (Fig. 2) has been provided to them as a separated 

Robot class implementing the presented form with 

components. The interface of the class contained following 

methods. 

─ beepUp() – making the noise, 

─ display(String text) – displaying a given text on 

the console, 

─ forward() – making the robot to run straight, 

─ getProximity() – returning the distance to the 

nearest object, 

─ isTouched() – informing whether the close button has 

been pressed, 

─ playTone() – playing the tone, 

─ rotateClockwise() – turning the robot, 

─ shoot(Integer shots) – shooting given number of 

times, 

─ stop() – stopping the robot, 

─ switchLights() – switching on the lights, 

─ turnOffLight() – switching off the lights. 

 

Fig. 2. GUI of the robot simulator 

The task for students was to implement a Defender 

class that calls the above methods from within different 

threads when required.  

The exercise has presented many concurrency aspects to 

the students. The race condition has been experienced while 

observing different messages on the console or when the 

robot stopped unexpectedly due to the incorrect 

implementation of the threads. In addition, the students could 

observe improper robot’s behavior if some threads (e.g., 

playing the tone, rotating the robot) were forgotten to be 

interrupted. Moreover, the effects of not-handled exception 

thrown as a result of an interruption were visible as well and 

thus had to be properly handled.  

The exercise requires from students to implement software 

carefully by revealing their mistakes during tests performed 

on the robot. The presented form of the exercise stimulated 
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the students to rethink their code in order to overcome the 

multithreading traps. Note that, due to the complexity and 

mutual dependence of the tasks performed by the robot, it 

was not possible to program the robot behavior without using 

threads and concurrency. Thus, to complete the exercise, 

students were forced to learn more deeply about Java threads 

and mutual communication among them. Note also, that it 

was not yet-another annoying theoretical exercise of 

producer-consumer problem, typical for a course on 

concurrent programming.  

B. The educational results of the study 

Forty five non-computer science students attending the 

Computer Programming classes at the Bachelor course 

concerning Econometrics and Business Informatics 

participated in the experiment. The students were required to 

fulfill quizzes at the beginning and at the end of the exercise. 

The quizzes consisted of theoretical as well as practical 

(code analysis) questions. The quizzes were prepared to 

verify students’ knowledge in the area of following aspects: 

─ Java classes and methods for concurrency,  

─ sequence of instructions performed by concurrent threads,  

─ simultaneous access to shared variables by many threads,  

─ interrupting threads,  

─ executing threads.  

The effects of the exercise measured by results of the 

quizzes are presented in Table I and described below. 

The conducted study revealed that the students made the 

greatest progress (the increase by 38 percentage points) in 

the area concerning the familiarity of Java classes and 

methods. The big number of atomic task during the exercise 

caused a good acquisition of Java knowledge by students. 

Another progress concerned understanding of parallel 

execution of particular instructions by many threads. After 

performing the exercise the understanding of race condition 

by students increased from 24% to 44%. This result showed 

that graphical visualization of threads’ behavior positively 
influences the understanding of race condition. Simultaneous 

access to shared variables by threads was another issue in 

which noticable progress was made. The entrance test 

revealed that about 76 % of students knew that threads may 

access the same variables and compete for them. However, 

after performing the exercise in simulating environment, the 

rate of students understanding the issue of shared variables 

increased to 91%.  

According to the results of the quizzes, the simulation 

environment noticeably influenced the issue of thread 

interruption and exception handling (increase by 9 % points).  

On the other hand, the issue of running threads indicated 

no simulation environment impact on the students’ 
knowledge. Executing the threads is quite intuitive and the 

students had required theoretical knowledge. In result there 

was no potential of the exercise to increase students’ skills 

and knowledge concerning starting threads. 

 

The application of simulation environment allowed for 

visualizing the behavior of many threads and facilitating 

education process. The research revealed that utilization of 

simulating environment significantly impacted the students’ 
progress in understanding such complex issues as race 

condition or handling the exceptions caused by interrupted 

threads. 

IV. CONCLUSIONS AND FUTURE WORKS 

Despite of the popularity of simplified programing 

languages, simulation environments and robots in facilitating 

computer programming education, the improvement of 

education in the domain of concurrent programming is still a 

challenging task. The lack of the possibility to depict the 

Java concurrency concept in existing educational 

environments causes that they are useless for education in 

this particular field. 

The study described in this paper has utilized the robot 

simulator for teaching. The exercise revealed the positive 

impact on students’ education. Multithreading and 

concurrency being quite complicated and difficult for 

analyzing can be better understandable when presented 

graphically. Students, observing the behavior of many 

threads are able to notice the anomalies in robots behavior in 

TABLE I. 

RATES OF RESULTS OF ENTRANCE AND EXIT TESTS, GROUPED BY QUESTION TYPE 

Question type 
The entrance test: percent 

of correct answers 

The exit test: percent of 

correct answers 
Progress 

Java classes and methods for concurrency 40% 78% 38% 

Sequence of instructions performed by 

concurrent threads 
24% 44% 20% 

Simultaneous access to shared variables 76% 91% 15% 

Interrupting threads 64% 73% 9% 

Executing threads 80% 76% -4% 

Average 57.8% 72.4% 15.6% 
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real-time. Moreover, students are stimulated to identify the 

bugs concerning threads’ management and in result became 

more careful when implementing concurrency. 

Concurrency is not the only challenging issue that may be 

clearly taught by the use of a robot  simulator.  Other con-

cepts, like Service Oriented Architecture (SOA) and Event 

Driven Architecture (EDA) can also be presented using sim-

ulators. Moreover, simulators enable getting student involve-

ment in learning process by making the classes more interest-

ing.  However,  such  tools  are  only  a  supporting  part  of 

classes,  useful  in  effective  introduction  to  computer  pro-

gramming. The facilitated programming concepts should be 

also presented in the standard manner, once the students gain 

necessary programming skills.

As for the future works, more exercises with simulators of 

different kind could be worked out to teach programming in 

such  domains,  as  SOA  services  and  their  orchestration, 

swarm intelligence  or  pattern  recognition.  Obviously,  the 

next step for teaching emerging topics in programming is us-

ing more sophisticated simulators (e.g., with 3D virtual ob-

jects) as well as real robots and devices. The results of utiliz-

ing them in education could be compared with benefits of 

simulators.
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