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Abstract. The dynamically developing IT industry is struggling with the lack of qualified software
developers. The number of students in this area could be increased if more youngsters were familiar
with programming in the public education system. The developed &odosulosuli.hu portal offers interactive
programming courses and coding challenges in four different programming languages: C++, C#, Java,
and Python for free. Our goal with the design and development of &odolosuli.hu was to give the younger
generation the opportunity to learn the basics of programming in a playful way. We started operating
the portal in 2015. In this paper, we primarily present the experience gained over the last 5 years and
the results of the analysis of the data collected during the operation of the portal. Based on the collected
experiences, both the completed improvements and the possible future development directions are
presented. This paper also outlines our future goals, which are primarily aimed at enhancing learning
efficiency.

Keywords: educational games, adaptive learning, computer programming

1. Introduction

In IT education, the acquisition of algorithmization skills and the development of problem-solving
thinking are becoming increasingly important. If we look at the current (2020) National Core
Curriculum, it can be seen that this goal, this aspiration, is clearly emphasised. The National Core
Curriculum defines the educational goal of the field of informatics (“Digital culture”) as
“algorithmization and coding play an important role in the course, as it promotes the development
of competencies such as problem solving in a digital environment, creativity, collaboration and
logical thinking.” (Magyar K6zlony, 31 January 2020 No. 17: National Core Curriculum p. 140.) In
the last few years, achieving this goal was extremely difficult due to the lack of sufficient lessons
(45 minutes once a week). This problem has proved all the more acute, since there are many
programmers missing from the job market, and it would be beneficial if secondary schools were to
orient students towards the software development profession. To do this, it is essential to
familiarize students with programming before applying to higher education institutions.

Recognizing this problem, we set ourselves the goal of creating courses where students can acquire
programming skills online in the most popular (C++, C, Java, Python) programming languages.
We examined the LMS systems that are available free of charge in order to determine which one
to use during the preparation of the courses. The most important goal during the course
development was that we would be able to check the source codes submitted by students in an
automated way. We found that there is no appropriate, small and compact LMS framework in place
to check practice-oriented tasks in all three languages. Therefore, we decided to build our own
framework, which provides the above possibility, and it is definitely advantageous to implement
our own software system due to the easier implementation of future improvements.

As a result, we created the £odolosuli.hu portal, which provides online courses in C#, C++, Java and
Python programming languages for free (after registration). We have been operating the portal for
about five years, and the aim of our article is to present the experiences, the completed
improvements and to formulate future development directions. During the development of the
portal, one of our goals was to create an e-learning environment that maintains a high level of
student activity, student engagement, which enables guided discovery [3],[6],[10],[16],[17],[23][26].
Our goal during the development of the portal as well as the courses was to place a strong emphasis
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on the involvement of playful applications in the courses, which increase motivation and help faster
and easier processing and understanding, thus making the learning process more efficient
[11,[41,[191,[20],[21],[28].

In our portal, the courses are gamified. They contain game elements in a non-game context: points,
incentive and immediate feedback, and after completing the different sections, users get
information and screenshots about the downloadable, reward program. This software becomes
available for students after completing the course. We have not implemented leaderboards, since
in our experience, it motivates the best N students, and others are more frustrated by leaderboards.
We have also developed 19 games to encourage learning of programming.

There are numerous games types that can enhance the effectiveness of a programming course.
Games that use some kind of computing machinery (e.g., personal computer or a smartphone) are
called digital games. A serious game is a digital game created with the intention of entertaining
and achieving at least one additional goal, for example learning or health [5]. According to the
aforementioned definitions, our developed game programs are serious games with a developed
didactic purpose. Unlike serious games, educational or didactic games are definitely educating
tools serving a didactic purpose. They can be defined as interactive, competitive lessons with
defined learning outcomes that enable students to have fun during knowledge acquisition. Their
goal is not merely fun, but they also contain an educational component [2]. Playing with some of
our programs in the portal, students can simulate the working of computer programming code
structures following the given instructions that help them to understand the working of codes.
Following the definition [25], these games are not only education games but also Instructional
Simulation Games as shown in Figure 1. Learners using textboxes, buttons, and slide bars can
run or stop the experiment, which is a simplified version of reality, and change the parameters of
the phenomena within a framework of rules.

Digital games

erious games

Educational games
didactic games)

Instructional
simulation games

Figure 1: Game types

Obur site offers real coding tasks related to the current lessons, contains animations and social media
access (Facebook and Twitter).
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2.  The structure of the portal

The kodolosuli.hu portal offers free, online, C++, C#, Java, and Python programming languages
courses in Hungarian. During the implementation of the framework, the LMS system was designed
so that the courses could be structured as a series of chapters that consist of a series of lessons.
Depending on the type, the lessons may include tasks as well as game programs, the purpose of
which is to practice and deepen the acquired knowledge.

The website was written in PHP5 according to the MVC pattern. The curriculum, the users’ data
and their acts are stored in a MYSQL database in 17 tables as opposed to the game applications
that can be found in folders. Currently, there are two types of users who can access to the System:
students and the administrators. Students can access only the curriculum unlike the administrator
who has full access to both the materials and the users’ data.

After login, students need to choose a language they wish to learn. The material to be learned can
be found on the left side of the screen. The exercise belonging to the current topic is on the right
side (see Figure 2).
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Figure 2: The main user interface of the portal. The curriculum is on the left side, the exercise and the code panel
are on the right side

The aim of the chapters is to integrate the logically related knowledge elements and lessons into
one unit, as shown in Figure 3. The courses for the four programming languages are structured in
such a way that by completing the course, students are thoroughly prepared from basic types of
process-oriented programming. The most important chapters in the curriculum are basic fypes,
variables, 1/ O operations, operators, branches, loops, complex data structures (array, list, structure, class), methods,
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text file management, exceptions. The programming theorems, which play a key role in programming
education, have been inserted into the individual lessons starting from the beginning of the chapter

of Loops [24],]29].

Programozasi nyelvek ~ Java

Fejezetek listaja

Fejezet leirisa

Alfejezetek
szama

Alfejezetek
Hstaja

Fejezet
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Figure 3: List of chapters (Java)

1

Alfejezetek

Alfejezetek

Allejezetek

A linear sequence of lessons forms a chapter. We distinguish three types of lessons: curriculum
with assignments, independent assignment, independent curriculum. Independent teaching
materials may contain blocks of text, audiovisual elements to support the learning process, and
games may also be included here.
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A macska defibrillatora

KodoloSuli

A feladatod olyan program irasa, amely megmondja annak a defibrilatomak a sorszamat, amelyst KS-nek valasztania kell, hogy a leggyorsabban elére a

Figure 4: An independent task with a picture that depicts the problem

It is possible to create lessons with short tasks, in which case, in addition to the curriculum, short
sets of tasks appear on the right side to help students master the specific part of the lesson (see
Figure 2). For most of the lessons, we have attached more than one practice.

The third type of task is the independent task, in which case we expect the solution of a complex
practical task (see Figure 4). The learner solves the task with the help of the development
environment, uploads the source code to the server, which translates it, and decides whether the
solution is correct based on the output answers given to the input defined by the program (see
Figure 5). The programs are run by the system, so we considered it important that no matter how
simple the tasks are, the programs should run in a sandbox similar to the one used on the
progebeck.nejanet.hu portal [15]. Accordingly, a run time limit of 1 second is set for all programs.
Memory and hard disk cannot be accessed directly by programs, and programs that try to do so
will not be run.
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Figure 5: An independent task after grading the uploaded solution

3. Improving the effectiveness of courses

At the beginning, our courses were available at &odo/osuli.nejanet.hu. Secondary school students tested
the portal at this stage in 2014. Most of them completed the courses and gave feedback that enabled
us to correct pitfalls.

In an online environment, students’ performance can be influenced by several factors that stem
from students' individual habits and characteristics. These include the ability of students to
maintain their attention, their intrinsic motivation to learn [6],[12]. It is also possible to influence
these factors in an online environment, as we have the opportunity to increase engagement, which
can be defined as a student’s cognitive process, active and emotional participation in the learning
process [4],[20],[28]. All three factors of commitment (cognitive, behavioral and emotional) can be
increased if the text of the curriculum is not only professionally correct, but also good in style and
personal in tone [7]. The thought-provoking effect of the text can be facilitated by the inclusion of
interesting examples, good metaphors, sometimes astonishing and provocative recordings,
questions, contradictions, surprising and in many cases humorous twists [12],[13]. We have
modified the text of the curriculum accordingly.

Then we moved to kodolosuli.hn and opened the courses for university students who also helped us
in correcting errors in 2015. Then we made the portal available for anyone after registration.

After about one hundred registrations, we checked their interactions and submissions to find the
weak spots of the courses. Since all the submissions are stored in a database, we were able to find
the tasks that proved extremely difficult. The coding tasks that most students could only solve with
additional help have been changed, as well as the study material belonging to that task. After
implementing these improvements, users were able to solve coding tasks more efficiently which
means that they were able to solve each task from fewer attempts.

The next step was that we have made our programming courses gamified. They contain game
elements in a non-game context as we mentioned in the first section. The usefulness of the
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electronic environment has a significant effect on student satisfaction, which is why it is worth
striving to make the content applicable in real life [9]. Accordingly, exercises and coding tasks that
students need to complete are applicable to real life to allow students to feel the usefulness of the
portal [9]. Practical exercises, such as finding the closest defibrillator to save a life, writing a code
that can control the descent of a spacecraft onto a planet, how to move an object from a given
(X,Y) coordinate to another position as fast as possible or controlling the parking sensor of a car
can increase the efficiency of the e-learning environment. The decision theorem should also be
applied if the task is worded as follows: “Given a point, the center and radius of a circle, decide if
the point is inside the circle”. To make this task sound more exciting, it is phrased as “We know
the range of a laser cannon and the coordinates of the incoming enemy object. Let’s decide if it is
worth firing with the cannon.” (Figure 6).

For difficult tasks, we created videos and animations to motivate students to come up with a
solution.

Figure 6: An animation to motivate students to come up with a solution

When creating an effective e-learning environment, the developers should strive to make the
learner feel that the teacher, the instructor is present, accessible, so that the feeling of cognitive
presence is realized [9]. Therefore, we have integrated the Disqus system into the portal, which is
suitable for building communities. Social media is also available, most specifically FaceBook and
Twitter.

In 2016, after gaining more than 400 registered users, we started to develop 19 educational game
programs that cannot only foster motivation during the playing process but provide faster
understanding, since students needed less attempts to solve coding tasks. Most of them are
educational simulation games, but we have also implemented games that help in memorisation
(memory cards, board game and hangman) and also ones that measure how well the learner has
understood the material.
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They were written in HTML5 and JavaScript and added to the course right before a coding task.
In this paper, we introduce two of them with their learning objectives and learning activities.

3.1 The developed educational games

According to Vihavainen et al. in [27], the intervention of educational games in programming
courses raises pass rates by 10.8% on average. We were curious, whether developing and adding

educational games to our portal can improve its effectiveness.

3.1.1 Counting factorial by calling a function

Count how much 9 factorial is

public class practice {

int ~ x= 9 ~ |
-v result = Fakt(x):

Swystem.out.println(x+" factorial: "+result):

L3
L]
public static [[iSHgl - Fakt(lint -~ number) {

R - result=1:
)

for (int i = 1: i < number; i++) {
result *=i;

¥

return result:
n

L]

Restart

Incorrect solution, try again!

Figure 7: Writing a function with one parameter and calling it. Parameter types can be set by user

Learning goal: how to call a function with one parameter, and what happens after calling this
function. In the game, the line of the programming statement to be currently executed is blue. If
the parameter types are not correct, a warning message is displayed and the program cannot be
executed (see Figure 7). Students can observe the flow the execution.

Activity: player has to set the value and the type of the current parameter, the type of the formal
parameter and the type of the return value.
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3.1.2. Throw different exceptions

< Read the first number from data.txi and lei the program to throw FileNoiFoundExcepion! =

try { Fajl - data.txt
Scanner be=new Scanner{new File(" data2.of "I 1
mt db=be| nextint() Bead the ferst number! :
be nextlme(); ;

System out printin(dh);

i

i

catch (FileNotFoundException €) {

threw new FileNotF oundExcepteon File not found™);

11
i

catch (Exception &) {
System out println{ " Error! ")

fimally {
System out. printhn("Good");

i
]

> File not found

Figure 8: A game for better understanding of exceptions.

Learning goal: how to catch exceptions and how to trigger an exception. In the game, the line of
the programming statement to be currently executed is blue. Students can observe the flow of the
execution: what causes an exception and when, and which catch block will be executed after
throwing an exception.

Activity: player has to modify statements in the code to throw the requested exception (see Figure

8).

3.2 Measuring the effect of the developed games

We have also implemented traditional board games such as Match Pairs Memory Game, Hangman
and two own-developed board games, but because they were placed in the portal more than once
with different contents, we could not measure their efficiency. Fifteen educational games were
placed immediately before an exercise which are followed by another exercise on the current topic
for which the game was created, everything else remained unchanged.

We compared the performance of the last 200 students (control group) who registered and
completed the last chapter in the curriculum before the game programs had been added into the
Java course, and the first 200 students (experimental group), who registered and completed the last
chapter in the curriculum, after the addition of the games in the supported coding tasks. We
examined how many students were able to solve the first and the second exercises after the first or
second try from the 200, before adding the games to the portal (control group) and after adding
them to it (experimental group).
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The results were impressive and proved that with our thematic didactic game programs, users were
able to solve coding tasks more effectively (with less attempts). We published the results in an other

paper [14].

4. Directions for further development, opportunities

Our most important goal is to implement new, advanced courses in all four languages that move
from the process-oriented world to the basics of object-oriented programming. Obviously, this
involves the development of new curricula, games and tasks.

Due to the popularity of the Python language, we have added it to the list of courses, therefore it
has been available since 1st September 2020. It was not possible to add all the developed games to
the Python course due to the peculiarities of the Python language compared to the other three
languages. It is planned to develop educational games that take into account the specifics of the
Python language.

Another important goal is to examine how effective the structured curricula is, along with exercises
that help to practice and deepen skills. We consider it important to implement functions in the
framework with the help of which the efficiency of the curriculum and the reliability of the tests
can be measured. This way, the framework also becomes suitable for building tests that really
measure knowledge about the course. Here it is necessary to develop computational functions
related to the topic of test theory, which can ensure the reliability, authenticity and objectivity of
the tasks.

On the other hand, expanding the toolbar can also be important. At the moment, the programs
implemented by the users are examined in terms of (in the case of stand-alone tasks) what output
it produces for a pre-determined input. It is obviously enough for beginners to test a task at this
level, but in the long run it is much more useful to build the expression tree for the source based
on the language rules and subject it to preliminary analysis. In the long run, we will also able to
check whether the required subroutines can be found in a program with the appropriate
parameters, or in the case of new courses it is possible to determine whether the right object class
with the appropriate fields and methods exists. This step can also be important for efficiency
analysis, as the end goal is to achieve not only the right but also the right and effective resources.
The efficiency analysis of algorithms and programs can be performed classically in three areas:

1 Execution time is an important factor for both the user and the server programs. This is
also relatively easy to measure at the moment, only the difference between the start time and the
stop time of the program after compilation should be taken into account.

2 Storage requirements, in which we examine how much memory space the program uses
during its operation. This is difficult to examine in the current implementation, in the future a
measurement methodology must be created in the framework.

(3 Complexity indicators, which assigns some degree of complexity to the algorithm of the
implemented program. Obviously, the above expression tree construction is required for this
analysis.

Finally, we also consider it very important to increase the adaptability of the system because as M.
Nadas said...”in adaptability in pedagogy we mean adaptive development/evolution that takes into
account the aspects of unity and differentiation, whether we approach it from the needs of
individuals, groups or institutions.” [18] In other words, it is a system of pedagogical activities that
strives to take into account the needs of all participants in the education system at the same time.
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It can be interpreted as a dynamic interaction of the concepts of change-reflection-
learning/innovation [22]. To make our portal adaptive, the first step can be developing a lighter
version of educational games. With these versions, students have fewer and simpler tasks during
the game, and in many cases they do not have to type any code, it is enough to select the appropriate
code line from the menu, as shown in Figure 9.

| = m import javax.swing.*;

import java.awt.*;
import java.awt.event.*;

class Frame extends JFrame implements ActionListener {

. private Container
Aktiv
public Frame(){
= getContentPane();
.setlayout{new GridlLayout(2, 18));

.add{new JLabel( I H

ITextField textField2 = new ITextField();
.add(textField2);

JCheckBox checkBox3 = new JCheckBox( IH
.add(checkBox3);
}
public class main {

public static void main (String[] args) {
new Frame().setVisible(true);

CheckBox -

CheckBox cimkéje: Hozzdad

Figure 9: Frame construction by adding components. The selected component appears on the Frame and the
appropriate instructions are added to the code.

We want to store the practice tasks in a question bank with a level number from 1-3 while increasing
the number of tasks for each level. In the case of each lesson, students start a task at level 1, and
after solving it without help, they are allowed to continue with another task at level 2. In case of
failure or using help, students need to solve another task at level 1. This solution could lead to
adaptive problem solving.

Achieving full adaptability is an extremely labor-intensive task, and the curriculum as well as the
LMS also require major modifications. Its implementation, even when using a Moodle system,
requires a lot of work from developers [11]. The first step in this work is to identify the initial
parameters (age, prior knowledge, learning goals, etc.) of learners using the systems. Further
measurements are needed of users’ interactions with the digital environment: how much time they
spent reading a lesson, solving a task, how many times they improved the solution, what order they
followed, and so on. They are related to the possibility of contextual data collection and attach
increasing importance to data mining technologies [8].

If we implement a learning algorithm (neural network or inference engine) that can “learn the
learner’s behavior”, then the system is able to operate more efficiently: recognizing the important
elements of the tasks, the algorithm can decide if the learner has propetly learned the material.
From then on, the number of tasks to be solved will be personalized. Moreover, by describing
relationship networks, the direction of the step can even be determined between tasks and groups
of tasks.
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5. Conclusion

In the second section of this paper, we have outlined the structure and the functionality of a
gamified learning portal for computer programming. We have also presented the ways and methods
of improving the effectiveness of this site by using ourself-developed LMS. A well-designed LMS
is suitable for tracking student activity. Since we store both the coding tasks of the course and the
users’ solutions in a database, it is possible to make the task solution part of the courses adaptive,
which allows faster and more personalized progress in the system. Today more than 900 users have
registered on the portal, who spent a significant amount of time learning the courses. The
developed educational games enhanced the effectiveness of the programming course. The practical
and independent tasks placed between the chapters of the courses greatly help to master the
curriculum. Analysing the data, we found that there are areas in programming education that pose
a challenge for learners. We will conduct further research in relation to these, and then develop
solutions that will help to effectively address problems.
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