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—— Abstract

Preparing graduates for working in the software engineering industry is challenging and requires
effective learning frameworks and methodologies. More specifically, the challenge of teaching
programming languages and paradigms is a very complex task that needs innovative educational
tools. This paper presents a game-based educational tool named eLiza, developed and used to support
the teaching and learning of programming languages and paradigms related to the development of
web applications. eliza was initially developed as a Moodle-based web application because Moodle
is the educational eLearning platform used at the University of Valladolid, but as the use of mobile
devices is constantly increasing, Android and iOS versions were created later in order to facilitate
the access of the students to the games. This paper describes the main elements and the mechanics
in playing eLiza. And it also describes an experience of its use in two engineering courses related to
web programming applications development, offered to students in two different engineering study
programs at the University of Valladolid, during the academic years 2017-2018 and 2018-2019. The
great majority of the students, more than 75%, considered that the use of the eLiza game-based
educational tool was positive to improve the teaching and learning process of the topics covered by
the courses.
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1 Introduction

There are a lot of courses whose objective is to teach different programming languages and
paradigms to the students. These courses are mainly offered to University students. The
learning of programming languages and paradigms is tough and requires a lot of practice.
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This discipline is also very different to others in which students take memorization procedures
as a base. Programming requires a lot of additional work which is developed within the
classroom, especially when compared to more theoretical fields of study [4]. According to
Vega et al. [19] students have the perception that programming is difficult and it is quite
frequent to hear about problems related to frustration and lack of motivation. Moreover,
programming is hard to teach, in fact, there are professors that think that programming
requires abilities more than knowledge [17].

In such a complex context, gamification can play an important and positive role. Teachers
can use game mechanics in non-game contexts to engage students in solving problems and
increase their motivation and academic performance. Students who participate in games
develop more intellectual abilities than those who do not [6]. Some studies have shown that
the part of spare time that students spend gaming exceeds the part of spare time that they
spend watching television [7]. For this reason, to take advantage of the benefits of games for
educational purposes would open a lot of new possibilities.

In order to explore the possibilities of using game-based educational tools in the formal
teaching of programming languages and paradigms, a game-based educational tool eLiza
has been developed and tested in different courses offered at the University of Valladolid
for engineering students. eLiza was initially developed as a Moodle-based tool. The reason
is that Moodle is the educational eLearning platform used by the University of Valladolid
to support the teaching and learning process in formal courses. Moreover, more recently
Android and iOS versions have also been implemented to facilitate the access of the students
to the games.

eLiza uses different strategies to increase students’ motivation. The objective is that
students really enjoy themselves as they do when they play a game they like in their spare
time. The experiences have been carried out in two engineering courses, related to web
programming applications development, during the academic years 2017-2018 and 2018-
2019. The analysis of the experiences has been based in both qualitative and quantitative
procedures.

Therefore, the objective of this paper is to present a game-based educational tool that
aims to support the teaching and learning process of programming learning and paradigms.
As well as to test the tool in a university academic environment in order to determine the
usefulness of gamification and more specifically of this educational tool in such a context for
both students and teachers.

2 Teaching Programming Languages and Paradigms

Besides the inherent difficulty of programming as a discipline, the focus of the problem
could be in the use of inefficient and inadequate methodologies and educational tools to
teach this subject. For this reason, during the last decades, researchers have searched for
ways to improve the academic performance of students, especially in the case of newcomer
students [12].

With such a complex context it is important to have a clear view of which are the
main problems that the students face when approaching to the theory and practice of
the programming languages and paradigms. The educational tools oriented to learning
programming should take into account theses needs and provide resources and strategies to
manage them.

The first main issue is the fact itself of having to use technology-based educational tools.
At this moment, the focus is not on the use of the computer itself as younger generations
are used to use them, but on the anxiety that generates the use of certain complex software
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applications. Anxiety and a negative attitude negatively affect learning and conditions the
use of the computer [13]. For this reason, it is important that students can quickly and easily
adapt to these type of systems.

A first conclusion is that a good educational tool focused on programming must be easy
to use so the students invest their effort and time in learning programming languages and

paradigms and not in learning how to use the tool itself. Another central issue is motivation.

Students must spend lots of hours practising if they want to learn how to program, and this
is not possible if they are not very motivated [11]. Students and teachers both think that
programming is difficult to learn, specially for new students. Students must be adequately
motivated during the whole process. Improving the practises of teaching and learning
programming is not possible without paying special attention to the motivation of students
for learning [8]. According to Brito & Sé&-Soares [4], motivation is the most important factor
to succeed when learning how to program. A motivated student will succeed no matter other
circumstances including a bad teacher or a bad structure of the course. In the same way, if a
student is not motivated he will probably not succeed no matter how favourable are other
circumstances.

Most teachers apply different approaches to support the learning process of students and

to adequately motivate them. Most times this approach is based in the use of technology [18].

The results of different studies also suggest that technology-based educational tools that are
easy to use can improve motivation and efficiency in the learning process [11].

When teaching programming languages and paradigms it is very important to identify
concepts with very precise definitions. Students must understand concepts in order to be
able to solve programming challenges [9].

In order to prepare students for programming it is important that they first know the
basic concepts of algorithmic thinking. This means that students must be able to clearly
define a problem, to divide it into smaller parts that are easier to solve and to determine the
steps to solve the entire problem. In order to fulfil this objective students must be able to
distinguish the essential characteristics from the unnecessary details [5].

So programming requires that students understand the problem, define the solution and
finally translate the solution into code by using a programming language. Different studies
show that students find serious difficulties in every step of this process [10].

During the last years, teachers and researches had tried to improve the teaching of
programming. To achieve this objective, they have focused on the different elements of the
process. One of the aspects in which they have focused is methodologies. In fact, choosing
the right methodology to teach programming is one of the main issues of the debate of
teaching programming languages and paradigms [1, 2, 3].

A challenge is also to convert programming into an activity that is mainly developed in
groups instead of individually. With the idea of promoting workgroup in the learning process
of languages and paradigms some projects have been developed like Nucleo [15]. This project
promotes that students acquire social skills and abilities for working in groups and that
they adopt a more active role in the learning process. This is important as in the software
industry projects are mainly undertaken by groups and not by individual programmers.

3 eliza

eliiza is a game-based educational tool initially developed for the educational eLearning
platform Moodle. eliza is a competitive game which main objective is that students learn
while playing. To achieve this goal, eLiza challenges students with questions classified in
different levels of difficulty. eLiza promotes competitiveness among students by offering
information about the students’ performance.
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eLiza is expected to have a positive impact into the learning process by increasing the
involvement of students. Teachers can establish prizes at different score levels, so students
are encouraged to reach those score levels. Moreover, teachers can use the results obtained
by students in eLiza as an assessment element to evaluate them. On the other side, students
can use the educational game for their own self-assessment. eLiza was initially developed as
a module for the educational eLearning platform Moodle. For this reason, eLiza has been
mainly used from desktop browsers, but as it does not have any special requirements, it
could have been played from browsers in mobile devices such as tablets and smartphones.
Moreover, as the use of mobile applications has grown exponentially in recent years [14],
Android and iOS versions have recently been created in order to facilitate the access of the
students to the games.

When accessing eliza, the teacher will see a main screen with five buttons which give
him access to the different sections of the application: Let’s Play, Let’s Play in Groups,
Management, Add a new Question and Statistics. The student can access the same sections
that the teacher, except for the Management section (see Figure 1).

liza®
CRCXONI)
— ]

SHIZaQ)

CACA@RCXNT)

Figure 1 eliza main access screen for teachers (left) and students (right).

The teacher can manage the questions bank of a game. As shown in Figure 2, to add a
new question it is only necessary to complete a form providing the name, the type of question
(multiple choice or true/false), the content and the possible answers indicating for each case
if the answer is a correct or an incorrect one. Another element that is necessary to define a
question is the labels associated to that question. It is possible to add as many labels as
desired in order to have the question adequately categorized. Labels must have previously
been created. Finally it is necessary to indicate the time the student will have to answer
the question during the game, and the value of that question in points, that is the points
that the student will be assigned during the game in case he answers the question correctly.
Regarding the value of the question it is important to mention that it is also possible to
assign a penalty which is a number that indicates the percentage of the value of the question
in points that will be subtracted in case the student answers that question incorrectly during
the game.

The teacher can also view and manage all the questions proposed by the students for a
course. Each of the questions proposed by the students has a state that can be: pending
(the question is still waiting for the teacher’s approval), approved (the question has been
accepted by the teacher) and rejected (the question has been rejected by the teacher). The
teacher can see the content of any of the pending questions in order to decide to approve or
to reject the question.
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Nueva pregunta 0
Nombre
Tipo

Genérica Y

Contenido de la pregunta

Respuestas

Anadir respuesta

Efiquetas
Anadir etiqueta -

Guardar Cancelar

|

Figure 2 Questionnaire to add a new question.

In the Statistics section, the teacher can see the activity of the students in the games.
The global statistics include all the students that have participated in the games of a course.

The systems presents these statistics by using two type of graphs that are the pie chart and
the temporary graph (see Figure 3). The pie chart shows more clearly the percentage of
success, failures and not answered questions. While the temporary graph shows more clearly
the average score of the students of the course, grouped by months during the period in
which those students have taken part in games. The teacher can also view the statistics per
student, the statistics per game and the statistics per question.
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Figure 3 Global statistics (all students & all games).

The student has also access to different functionalities which are summarised in the eLiza
main screen shown to him when he accesses the application. One of the most important
buttons for the student is the Let’s Play button which allows him to start a new game. When
the student starts the game he must answer all the questions. After finishing the game the
student can see the result including the number of questions answered correctly, the number
of points obtained over the maximum number of points that is possible to obtain, and his
final score which is the number of points obtained weighted over ten (see Figure 4).

Another possibility available for the student is to play in group. First the student will
see the list of all the group games in which he can take part, for example in the case he has
been challenged by other student. As in an individual game the student has to answer the
different questions proposed within the time provided for each question. Any student can

3:5

ICPEC 2020



3:6 An Experience of Game-Based Learning in Web Applications Development Course

eliza: Web development

Nombre: == =

Puntuacion: 13.99/15 ] /10

Volver al menu principal

Figure 4 Information offered to a student after finishing a game.

create a group game indicating the students that are challenged selected from the list of
students enrolled in the course. The system announces the winner of a group game only after
all the students challenged in that group game has played.

Finally the student has the possibility to access the statistics about his own participation
in the different games (see Figure 5. In this case the student can see information about the
percentage of times he answered questions correctly and incorrectly, the percentage of times
he did not answer a question, the number of complete and incomplete games, that is the
number of games in which he answered all the questions, and the number of games in which
he did not answered all the questions foreseen. Finally the student can also view the average
time that took him to answer a question, and the average and maximum scores that he
obtained in the games he took.

Aciertos: 3/8 (37 %)
Fallos: 4/8 (50 %)
Sin contestar: 1/8 (12 %)

Nimero de sesiones: 32

Sesiones sin cerrar: 28
Tiempo medio: 10.75
Puntuacién media: 0.605333
Puntuacién méaxima: 10.0

Ver clasificacidn

Figure 5 Student’s statistics in the eLiza iOS version.

As explained before, eLiza is also available as Android and iOS native applications for
mobile devices. The reason to develop also these versions, apart from the desktop version,
was to facilitate the access of the students to the games. Most of the students have their
own laptops and carry them to the University. However, for obvious reasons, laptops are not
continuously turned on as it happens with mobile devices.
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4 Results

The courses in which the game-based educational tool eliza has been used are courses
focused on programming languages and paradigms that are part of different engineering
study programs offered by the University of Valladolid. The experiences have been carried
out during the academic years 2017-2018 and 2018-2019. The students were encouraged to
use eLiza and then were invited to talk about their user experience, the benefits obtained,
the problems found, the upgrades suggested, etc., in a forum. The great majority of the
students, more than 75%, considered the use of the eLiza game-based educational tool was

positive to improve the teaching and learning process of the topics covered by the course.

Moreover, twenty-five students that participated in the experience using the Android version
of eLiza, completed the MARS (Mobile Application Rating Scale) questionnaire [16]. The
global results of the experience are shown in Table 1.

Table 1 Global statistics of the experience with the Android version of eLiza.

Statistics Item Value

Successes 1891/2504 (75.52%)
Faults 588/2504 (23.48%)
Unanswered 25/2504 (1%)
Number of sessions 513

Number of sessions per user 20.52

Number of sessions without closing 22

Average response time 19.64 s.
Average grade 7.1
Maximum grade 10

The results of the survey for each question were the following:
1. Entertainment: Is the app fun/entertaining to use? Does it use any strategies to increase
engagement through entertainment (e.g. through gamification)?

Dull; not fun or entertaining at all ......... .. .. . i 0.0 %
Mostly DOTING ..ot 125 %
OK, fun enough to entertain user for a brief time (< 5 minutes) ............. 37.5 %
Moderately fun and entertaining, would entertain user for some time

(5-10 minutes total) .......ooi i 50.0 %
Highly entertaining and fun, would stimulate repeat use....................... 0.0 %

2. Interest: Is the app interesting to use? Does it use any strategies to increase engagement
by presenting its content in an interesting way?

Not interesting at all ....... ... i 0.0 %
Mostly Uninteresting . .............ieiniit i 125 %
OK, neither interesting nor uninteresting;

would engage user for a brief time (< 5 minutes) ..................oi 25.0 %
Moderately interesting; would engage user for some time

(5-10 minutes total) ..ot 62.5 %
Very interesting, would engage user in repeat use ................ ..., 0.0 %

3:7
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3. Interactivity: Does it allow user input, provide feedback, contain prompts (reminders,
sharing options, notifications, etc.)? Note: these functions need to be customisable and
not overwhelming in order to be perfect.

No interactive features and/or no response to user interaction ................ 0.0 %
Insufficient interactivity, or feedback, or user input options, limiting functions 0.0 %
Basic interactive features to function adequately ............... .. .. ... 25.0 %
Offers a variety of interactive features/feedback/user input options .......... 375 %
Very high level of responsiveness through interactive

features/feedback/user input options ............ .. .o, 37.5 %

4. Target group: Is the app content (visual information, language, design) appropriate for
your target audience?

Completely inappropriate/unclear/confusing ... 0%
Mostly inappropriate/unclear/confusing ......... ... ..., 0%
Acceptable but not targeted. May be inappropriate/unclear/confusing ......... 0%
Well-targeted, with negligible issues ......... ... .. i i 50 %
Perfectly targeted, no issues found ........... ... . i 50 %

5. Performance: How accurately/fast do the app features (functions) and components
(buttons/menus) work?

App is broken; no/insufficient /inaccurate response

(e.g. crashes/bugs/broken features, etc.) ...l 0%
Some functions work, but lagging or contains major technical problems ......... 0%
App works overall. Some technical problems need fixing/Slow at times ......... 0%
Mostly functional with minor/negligible problems ............................. 50 %
Perfect/timely response;

no technical bugs found/contains a “loading time left” indicator ............... 50 %

6. Ease of use: How easy is it to learn how to use the app; how clear are the menu labels/icons
and instructions?

No/limited instructions; menu labels/icons are confusing; complicated ........ 0.0 %
Usable after a lot of time/effort .......... .. .. ... i 0.0 %
Usable after some time/effort .......... .. ... . 12.5 %
Easy to learn how to use the app (or has clear instructions) ................. 12.5 %
Able to use app immediately; intuitive; simple ................ ... ... ... 75.0 %

7. Navigation: Is moving between screens logical, accurate, appropriate, uninterrupted; are
all necessary screen links present?

Different sections within the app seem logically disconnected

and random/confusing/navigation is difficult .......... ... ..o oL 0%
Usable after a lot of time/effort ......... ... . i i 0%
Usable after some time/effort ......... ... . .. o i 0%
Easy to use or missing a negligible link ........... ... ... ... 50 %

Perfectly logical, easy, clear and intuitive screen flow throughout,
or offers ShOTtCULS . ... .t 50 %
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8. Layout: Is arrangement and size of buttons/icons/menus/content on the screen appropri-
ate or zoomable if needed?

Very bad design, cluttered,

some options are impossible

to select/locate/see/read device display not optimised ........................ 0.0 %
Bad design, random, unclear, some options difficult to select/locate/see/read .0.0 %
Satisfactory, few problems with selecting/locating/seeing/reading items

or with minor screen-size problems ............. ... .. . i 125 %
Mostly clear, able to select/locate/see/read items ............................ 37.5%
Professional, simple, clear, orderly, logically organised, device display optimized.
Every design component has a purpose. ........... ..o 50.0%

9. Graphics: How high is the quality/resolution of graphics used for buttons, icons, menus,
content?

Graphics appear amateur, very poor visual design;

disproportionate, completely stylistically inconsistent ......................... 0.0 %
Low quality/low resolution graphics; low quality visual design;

disproportionate, stylistically inconsistent ............ ... ... .. ... 0.0 %
Moderate quality graphics and visual design (generally consistent in style) ...37.5 %
High quality/resolution graphics and visual design;

mostly proportionate, stylistically consistent .............. ... ... ... 50.0 %
Very high quality/resolution graphics and visual design;

proportionate, stylistically consistent throughout ............................ 12.5 %

10. Visual appeal: How good does the app look?

No visual appeal, unpleasant to look at,

poorly designed, clashing/mismatched colours ................cooooiiiiiiin... 0%
Little visual appeal; poorly designed, bad use of colour, visually boring ......... 0%
Some visual appeal; average, neither pleasant, nor unpleasant ................. 50 %

High level of visual appeal — seamless graphics — consistent

and professionally designed ............... i 25 %
As above + very attractive, memorable, stands out;

use of colour enhances app features/menus ........... ..., 25 %

From the results of the study a series of conclusions were drawn. The majority of
the students considered the app was highly entertaining and fun, but a small percentage
considered that the app was boring or only entertaining for a brief time. None of the
students considered that the app was very interesting, but most of them considered it to
be moderately interesting. Most students considered the app to be interactive, but a small

group commented that the interactivity characteristics available at the app were very basic.

Most students thought that the app was well targeted and considered that the functions
available worked correctly, or else encountered minor problems when using it. Finally, most
students considered the application to be very easy to use and that the navigation was
perfectly logical, or at least easy enough to understand and navigate.
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