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Abstract— This work presents a pedagogical propoesal, in the
context of game-based learning (GBL), that uses the concept of
Transparency Pedagogy. As such, it aims to improve the quality
of teaching, and the relationship between student, teacher and
teaching methods. Transparency is anchored in the principle of
information disclosure. In pedagogy, transparency emerges as an
important issue that proposes to raise student awareness about
the educational processes. Using GBL as an educational strategy
we managed to make the game, a software, transparent. That is
we made the inner processes of the game known to the students.
As such, besides learning by playing, students had access to the
game design, through intentional modeling. We collected
evidence that, by disclosure of the information about the design,
students better performed on learning software engineering.

Index Terms— Transparency, Games-based Learning,
SimulES-W, Pedagogy.

L. INTRODUCTION

Theories of learning have been developed for a long time.
The educational process is very complex and cannot support
drastic solutions as has been demonstrated throughout history.
However, in recent decades our society has been exposed to a
rapid transformation as a result of the introduction of new
technology. This change is being reflected in social and
personal scopes. In the same way, this impact has been felt in
the way students learn and expect from classes. As such,
education has evolved from the traditional teaching model for
more dynamic models, which are more attractive and effective.
In addition, the “fraditional teaching method is based on
memorizing theoretical concepts presented by the teacher in an
abstract manner, dissociated from practical reality” [R]. For that
reason, methods based only on the accumulation of knowledge
have become obsolete, since, with introduction of new
technologies, there is an expectation on leaming by doing and
experimenting.

In [16] the authors present an analysis about traditional
teaching based on the Galperin Approach. They argue that
traditional teaching gives the teacher tasks as: explain,
demonstrate and elaborate concepts, and if possible, he/she
evolves the concepts fo a level of education. In the same way,
the learners must follow the rationale of the teacher. In
addition, learners must present his’her doubts, memaorize
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information and learn to use formulas that explain the use of
concepts in certain situations. Galperin [8] emphasizes that this
process compromises the quality of education because the
concepts are presented in an abstract way and it generally does
not reflect reality. The author also mentions that the teacher
could use examples to show the practical application of
concepts, however leamers will remain in the stafus of
“observers”. In addition, the format of tasks is usually done in
an automated way. In this perspective, the traditional teaching
remains a slow, exhausting and, usually, without motivation
process.

On the other hand, dynamic models are being proposed
such that teaching is performed in a more practical way,
investing in “the development of the ability by means of
discovery” [8]. Thus, the teacher has the responsibility to
encourage leamers to observe, arouse their curiosity and
challenge them to investigate and find examples. So, a learner
starts his’her own experience and interferes in his/her own
learning. In a similar manner, familiarity with problem-
situations can develop the ability to recognize certain situations
and how to act on them. For that reason, learning by doing is
seen as a possible solution [16]. Our work departs from the idea
that learmning by doing is a positive strategy. As such, we also
believe this strategy contributes to a leaner’'s motivation.
Moreover, a situation-problem approach allows the usage of
these concepts and allows that their influence on the action
context where they are implanted be observed.

In practice, it is possible to show how concepts of software
engineering are taught and it can be demonstrated by the use of
a mix of lechures and small practical projects [28, 29 and 30].
However, these projects  do not simulate situations of big and
complex systems [24]. Software engineering education is
challenged to produce highly qualified people, with mental
flexibility to adapt to changes caused by the infroduction of
new technologies. One of the problems of traditional software
engineering education is that it gives a lot the importance to the
theoretical content, and this is often problematic, since it does
not necessarily imply that the leamer is able to apply this
content to real life situation. One possible strategy [33, 34 and
36] to mitigate this problem is to use real software projects, and
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as such implementing “learning by doing”. However,
providing the proper scenario for this type of strategy is costly
and sometimes hard to implement.

A possible strategy to replace real software projects is the
use of Game-Based Learning. According to [38] the term
games-based learning in general “refers to activity to engage
and hold leamers in focus by encouraging them to participate
during the lesson through game-play”. Actually, game-based
learning (GBL) addresses teaching in a dynamic way and has
been successfully used as a support fool in several areas,
Comnolly et al in [39] presents evidence, by a large systematic
literature review, of the positive results in using computer
games and serious games, including software engineering [31
and 32].

GBL has been shown fo be an alternative fo software
projects in providing a situation-problem environment without
the costs and difficulties of conducting a real software project
[35 and 37]. One of these alternatives is SimulES-W [17], a
collaborative platform that implements a simulation of a card
base game where the goal is to produce specific software, with
given characteristics. However, an approach to teaching
software engineering should not forget, in any case, the
importance of knowledge, but it should be addressed in a
dynamic way, bringing at the same time knowledge, skills,
abilities, and values and raising awareness in the learner about
their own leaming process., Taking this in consideration we
have added the principles of transparency to the GBL (Simules-
W) strategy as to inform the students about Simules-W design
[13].

II. TRANSPARENCY

Adopting the ideas of Galperin in [8], we explored a way of
teaching software engineering in a more active, engaging and
participative manmer. According to Galperin teaching with this
approach should take into account: i} the knowledge or skill to
be taught should be in the form of situation-problem and its
assessment should be the beginning and not the end as in
traditional methods. ii) Activities should be selected and
organized according to potential learners. 1ii} Activities should
have a sequential presentation and must follow a mapping that
enables the learner to achieve the solution of the problem
immediately before the processing of leaming be completed
satisfied. All of this is to provide to the learner the opportunity
to have a situation-problem experience and to learn about the
operational logic of the solution. Lastly, iv) problem-situations
should be correlated, allowing the learner to investigate general
aspects. This approach is named formative-conceptual.

Based on this, we believe that a GBL strategy will meet the
requirements of the formative-conceptual approach. Ebner and
Holzingerb [5] suggest that there is evidence which shows that
the leaming results of using games is at least equivalent to the
results from leaming using the traditional methods. Besides,
GBL also allow leamers to have access to the concepts in
dynamic and operational way. In [13] we show how GBL is
preferred from the point of view of students, which points to
the motivation students have in using games as a supporting
tool for learmning. Other important evidence reported in [1] is
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that related to long-term learning. Those concepts that are
taught using situation-problem allow the leamer to deduce and
apply this concept in different situations.

However, to be more effective in achieving the
requirements of the formative-conceptual approach, we believe
that GBL is not enough. We understand that fo be more
effective GBL must consider how to improve the awareness of
the learner. Complementing GBL will involve the learner as an
active participant in their learning. As such, the learner should
know how he/she is faught [14] by a transparent process.
According to [16] awareness is the ability to interpret between
each of the specific sifuations and its context of occurrence.
That means that the leamer gains knowledge by means of
his’her own perceptions or by means of information and
process knowledge. Accordingly, the learner assumes an active
role, being involved on his/her own leaning.

We understand fransparency as a concept related to
nformation disclosure, which is been used in different settings,
mostly related to the empowering of citizens with regard to
their rights to know. In particular we are interested in a process
view of transparency, a general quality, which is implemented
by a set of policies, practices and procedures that allow citizens
to have: accessibility, usability, informativeness,
understandability and auditability of processes held by centers
of authority. In our case the center of authority is the educator.

The use of GBL empowered by a transparent process was
enacted in a software engineering class, in which we collected
facts of how this has affected students’ performance.

ITI. TRANSPARENTLY TEACHING

A. Transparency Pedagogy

Our approach to teaching uses a vision anchored in the
principle of transparency as information disclosure [11].
Transparency in pedagogy emerges as an important issue,
which aims to make the leamer aware about his/her teaching-
learning process and content production [13].

This concept was instantiated defining pedagogy as a
discipline that examines teaching methods to be better suited in
promoting learning of increasingly complex new concepts,
which are considered important for the development of thought
[16]. Teaching-learning is a process that begins when the
teacher creates opportunities for the production and
construction of knowledge [8]. "Equip minds with skills to
understand, feel and act in the society..." says Bruner in [4].
Thus teaching-leaming promotes the formation and
development of both subjects of the process [15], and for that
reason, teaching without learning is nonexistent and vice versa
Freire in [7]. So, learners take ownership and become aware of
knowledge, because they learn to act conceptually (the
conceptual practice) Puentes and Longarezi in [15]. That
means, the process is finished when the learner has access to
the meaning of the concept and when he/she have awareness of

this process.
For that reason, we explore transparency. However, from
the perspective of pedagogy, t(ransparency seeks an

environment where goals are open and teaching methods aims
consensus by focusing on leamer participation and feedback
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arising from his/her participation. Our aim in this paper is to
show how we have instantiated this concept using GBL for
software engineering.

B. SimulES-W

SimulES-W is the digital version of SimulES [6], an
eduncational board and card game. SimulES is an evolution of
the ideas of the Problems and Programmers (PnP) game [18]
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[38]. Different from PnP, SimulES-W does not have any
specific development process and the development process can
be explored pedagogically during the game; for instance one
player can use an agile approach whereas the other can use a
waterfall one. As such the learner may explore different
development processes.
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Fig. 1. Main Board SinmlIES-W [22]

The main precondition to play SimulES-W is being either a
software engineering student or a person with basic knowledge
and involved in software engineering. As described in [24],
SimulES-W is used in both general and specific sofiware
engineering knowledge with an educational component that
allows real practice to be simulated SimulES-W is a
multiplayer game and the player who wins the game is the one
which first completes the software product with quality and
budget defined in the project card. Figure 1 illustrates the main
screen named Main Board. SimulES-W has been used as a
teaching tool in other experiences with learners in software
engineering. Some experiences have been described in [6, 17,
23, 24 and 25]. Learners exercise different roles where each
role has to deal with the project budget and the hiring and firing
of software engineers. Additionally, the game has a set of
concepts and problem cards that are used to improve the cne's
game or block other players' movement in their games. These
cards display theoretical sofiware engineering concepts that
must be analyzed and applied by the learners. The knowledge
of software engineering in these cards can be used either as
obstacle, or stimulus for the game players’. Moreover, the
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game also has an activity for building the software product that
makes the players exercise on the intrinsic software
engineering concepts of the cards as the dynamics of building
and audit, given by embedded bugs. The learners begin the
construction of software artifacts required by the project, make
inspections, and if a defect (bug) appear in some artifact, they
should fix them, otherwise, the delivered product may fail
acceptance test. So, players must take in consideration the risk
of failure, if inspection and debugging are neglected. The first
student, who can construct the software without having any
problems, wins.

As described in [17] SimulES-W was developed for
teaching software engineering in general. Alternatively, it can
be configured to focus on a particular subject of knowledge as
well, as was shown in [24], where it was used to teaching risk
management. Then, since cards can be edited, we can use
problem and concept cards tuned to the interest topic. We can
also configure project cards to deal with specific artifacts.

Experiences with students using SimulES-W [17, 24 and
25] have shown that this game has the necessary elements to
enact particulars of the software process as per concept and
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Fig. 8. Question 5. When should the content and objectives of the course be
provided?

Question six was: What was your motivation to participate?
This question is more general, and with that, we wanted to
know what things are more motivating to the students, it also
was a multi-selection question. Figure 9 portrays that 22
students (84%) reported they like especially practical work;
next 18 students (69%) chose educational games; and finally,
12 students (43%) also chose forums.
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Fig. 9. Question 6. What was your motivation to participate?

The last question, How would you like to dig deeper into
content class? This question aims to identify the level of
participation and student preferences and as this should be
done. Tigure 10 shows: IR students (69%) think that the
information should be available in some media; 14 students
(53%) think that they should look for their own information; 13
students (50%) consider that the teacher should provide the
information; and finally 1 student (3%) reported that the
teacher should assist the student in finding information.

We identify with the pre-test, preferences, motivations and
knowledge level of the students; also this information was
useful to identify how the class should be addressed. In
addition, when a teacher knows about students' background
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knowledge, skills as well as their needs, the teacher can be
better prepared to promote an effective learning.
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Fig. 10. Question 7. How would you like to dig deeper into content class?

As a matter of fact, we also idenfified motivations and
preferences in general behavior of the group when we observed
them, for example, we had more support among those groups
where students were scheduled in activities with SimulES-W.
One of the activities with SimulES-W was a Friday, early and
with rain and all students attended the activity. The day that
results were presented, we offered a completion activity, those
who did not play or want play again could do that. To our
surprise, all the students stayed for that latter activity. This
shows that students are motivated to learn and to participate in
didactic activities driven by GBL.

B. Post-test

We designed a post-test for each of the experiences. Thus,
The post-test for group 1 (lecture) had 9 questions. The post-
test for group 2 (SimulES-W) had 13 questions. And the post-
test for group 3 (SimulES-W with 1*} had 14 questions. Some
questions were closed and others open. Also, we created
specific questions for each experience. We considered it
necessary to do specific questions for each of the activities.
Especially, for activities which used the game. To illustrate, we
asked about software, interface, game dynamic, collaborative
aspects, and competitive aspects, among others. In addition, we
created similar questions for the three groups. And for reasons
space in this paper, we will focus on these last.

In short, we identified more participation and motivation in
those groups where the game was used. It was reported more
negative aspects related to fraditional class. Group 3, who used
to SimulES-W with 1* got better performance and that was
evident in the response of the questions. All three groups
showed preference for leamning software engineering by means
of GBL.

The Table 1 shows a summary of similar questions for the
three groups. The questions 1, 2, 3 and 4 show that Group 3
(SimulES-W with i*) had the best percenfage in effective
responses, followed by Group 1 (Lecture}) and Group 2
(SimulES-W). Next, all students expressed their preference for
games, being that Group 3 (SimulES-W with i *) reported the
highest percentage. Related to Question 6 in general students
were satisfied with material of the activity. Finally, Question 7
All students found motivating elements in the three activities,
however, Groups 3 (SimulES-W with 1*}) and Group 2
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(SimulES-W) were who most elements found and were more
motivated in the activity. As a whole, according to the
responses and with what we observed in all experiences, the

most unmotivated group was Group 1 (Lecture) being the
group that more criticized the activity.

TABLE 1. Resvme POST-TEET

uestions
Q Group 1 - Lecture Grupo 2 - SimulES-W Grupa 3 - SimulES-W with i*
Yes Averagely Not Yes Averagely Net Yes Averagely | Not
Question 1. Had you undersvood the aim of the sk 1588 — a8 —_ L6
lecture / game?
Question 2. Wh_az paris 1_}[ Isnftware development e nid L5 SRR 5 33 LB
process had you identified in class / game?
Que_st:on X Wh.a\ rE::I I:fe elements in software T S5 e S
projects kad you identified in class / game?
Question 4. What ?Jemems Ldenluhed in Li.te atcnwry i - i ihsn 32394 aEH e
{class / game) would you use as future prefessional?
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Fluesrfun £l s pl-'l'.ﬂl.’r teachlng. S . Gamues/Lecturos B7.5% 125% Games/Lectures TE%E 2% (Games/Lectures| 91.4% B3 %
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Material Activity Was Enough
QUF‘S.{:OB - Wewe Y Sl I'I't'fE!l‘l{m it N Yo/ Mot 625 % 37.5% Tes Mot TE% 22% Yes/Not T5% 25%
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e ISt Pl ot ity (i et Yes/Not 73% 3% Ves/Not 100% YosNot 100%
had you found most motivating?

C. Exam

An exam was applied to all groups one week after we had
finished the classes. The exam had 6 questions related to
concepts and problems in software engineering that were
presenied during the activities. The exam aimed the
identification of how the concepts that were understood by
leamers. In short, the exam was to verify if the process
teaching-learning achieved its goals. The students were asked
to explain: i) What is software engineering. i) The different
roles people canplay when they participats in a software
project. ill) The artifacts generated in the software development
process. 1v) Some problems that can appear during the software
construction process and describe why they happen. v) Types
of concepts considered as good practices in software
engineering and how to describe them. vi) Explain the
importance of software quality assuwrance as a control
mechanism in a software project.
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Fig 11, Results of each group related to Exam Applied
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Fig 12, Analysis of the Mean related to Exam Applied on Each Group

Figure 11 shows the scores range of each group, the highest
and the low score. The results show that most of the students
who attended the activity with SimulES-W got satisfactory
score. Being that the mean for group as Group 1 (Lecture) 7.5,
Group 2 (SimulES-W) 7.03 and Group 3 (SinmlES-W with i*)
7.75. That means smdents in group 3 had a better performance
on the exam. However, this difference is not significant.

Table 2 presents the results of the means using the ANOVA
(Analysis of the variance). On this test we can conclude that it
is impossible to reject the null hypothesis at 0.025 level so that
s no considerable difference among the means of the three
groups. This result is based on the fact that the F ratio (0.3312)
iz less than the value 4,51 of F 0.025, 2,19 Then we test for
gach group in separate and we had the same results, that the
three groups have no difference relevant means. The Figure 12
shows the Analysis of the means of each groups and the
average is 7.398 that is a good result. We also can see the
tendency that Group 3 had achieved better performance than
the other two groups and Group 2 had the lowest and Group 1
has been in the average of the two groups.
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