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Abstract. Background: Petri nets are a formal specification technique for modelling of control
processes and modern flexible manufacturing systems. Interpreted Petri nets take into account
input and output signals, allowing to apply them in any control system or even in control part
of a cyber-physical system. Due to the fact that Petri nets are not used in the industrial practice,
the students sometimes lack motivation to learn them. Contributions: In the paper we propose
how to help students learn interpreted Petri nets with Minecraft (as a game-based learning). We
show how interpreted Petri nets can be modelled in Minecraft and how they communicate with
the surrounding environment via input and output signals to visualize control processes. The
proposed approach has been validated experimentally among university students. Hypotheses:
(1) Creating interpreted Petri net models with Minecraft helps to understand the basic prin-
ciples; (2) Minecraft makes the course more attractive. Methodology: Students were divided
into an experimental group (with game-based learning) and a control group (with traditional
learning). The experimental group filled in a knowledge test twice (on the entry and on the exit)
and a questionnaire. The control group filled in the same knowledge test at the end of the course.
Findings: The observations confirm that the Minecraft-based teaching of interpreted Petri nets
allows to gain better results in final tests, making at the same time the course more attractive
and enjoyable.

Keywords: control systems, education, game-based learning, Petri nets.

1. Introduction

Petri nets are a general mathematical formalism for representation of discrete-event sys-
tems (Silva, 2013). They are widely used for specification of control (Giua and Silva,
2018) and manufacturing systems (Grobelna and Karatkevich, 2021), mainly because of
the rich support by various analysis and verification methods (Karatkevich, 2007; Giua
and Silva, 2017). Their graphical representation is also quite simple — basic elements
include places (drawn as circles), transitions (drawn as bars), arcs (connecting places
and transitions, or vice-versa, with each other) and tokens (drawn as dots inside places).
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Despite the very limited set of elements, it is possible to reflect such behavior as choice,
concurrency or resource sharing. Interpreted Petri nets (Grobelna et al., 2019), as a spe-
cial type of ordinary Petri nets, take into account additionally the presence of input and
output signals to communicate with the environment. The appropriate structure of the
created Petri net together with signal assignments allows to describe the functionality of
a designed control system. Therefore, it is important to understand the interpretation and
behavior of the model, in order to correctly establish a formal specification.

The process of teaching students the concepts of interpreted Petri net may be sup-
ported by modern technology. Students all over the world face nowadays the problem of
remote education (Ali, 2020; Bond ef al., 2021; Toquero, 2021) and the theory is some-
times difficult to be used in practice. There are some approaches that may enrich the
learning process, mainly by using some dedicated tools or other user-friendly forms, like
interactive games or applications. In our previous paper, we proposed a Scratch-based
method of requirements definition for control systems verification (Grobelna, 2020).
That study showed that when using Scratch — it is easier for the students to define the
requirements, in comparison to conventional temporal logic formulas. Since that study,
the course of Discrete Control Systems at the University of Zielona Goéra (Poland) is
enriched with the visual programming language Scratch. This has also motivated us to
continue the research and find out new ways of how to better inspire and help students
learn the theory and practice of Petri nets. This time, we have chosen game-based learn-
ing (Plass et al., 2015; Coleman and Money, 2020) and the Minecraft game (Cipollone
et al., 2014; Coleman and Money, 2020), that has so far proved to be successful in other
domains of education (Baek et al., 2020).

Minecraft is an open-world survival game with no specific goal of the game. Play-
ers have unlimited possibilities to explore and modify the randomly generated game
world. The main idea behind Minecraft is to build structures consisting of 3D blocks.
Minecraft has been continuously enjoying unflagging popularity for over 12 years. The
popularity, availability, as well as unlimited freedom and the ease of creating even a
very sophisticated game world, made Minecraft used in various areas of education. The
educational potential of Minecraft can be successfully integrated with various school
subjects (Youngkyun et al., 2020).

In the paper we discuss how the process of teaching interpreted Petri nets may be sup-
ported by playing a game. In particular, we show how to model an interpreted Petri net in
Minecraft and how to use the possibilities of Minecraft to connect it with a control pro-
cess. We performed the study on 51 students in the courses of Discrete Control Systems
and Modelling of Cyber-Physical Systems at the University of Zielona Goéra (Poland)
in order to evaluate the proposed approach. The enrolled students were divided into an
experimental group with game-based learning and a control group with traditional learn-
ing. The control group trained the concepts taught previously in the lecture class using
conventional methods, the experimental group used additionally the Minecraft game.

Before starting our experimental study, we have defined the two hypotheses:

(1) Creating interpreted Petri net models with Minecraft helps to understand the
basic principles and
(2) Minecraft makes the course more attractive.
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In order to test the first hypothesis, we have performed the single-choice knowledge
test — before and after using Minecraft — and compared the obtained results. The control
group filled in the same test at the end of the course, we have also compared these results
with the experimental group. In order to test the second hypothesis, we have asked the
students to express their feelings just after the experiment.

The main contributions of the paper are summarized as follows:

e We introduce a game-based approach to the area of control system education.

e We show how interpreted Petri net models can be visualized in Minecraft.

e We illustrate how interpreted Petri net models correspond to visualization of con-
trol processes via signals.

e We describe the experimental study among students that confirms both our hy-
potheses.

e We discuss the detailed results obtained in the study.

The remainder of the paper is structured as follows. Section 2 presents the state of the
art regarding the theory of Petri nets, various approaches that contribute to the learning
process, game-based learning and the recent educational approaches using Minecraft.
Section 3 proposes the novel modelling approach with interpreted Petri nets. Section 4
describes the conducted study. Section 5 discusses the results of the experiment. Finally,
section 6 summarizes and concludes the paper.

2. State of the Art

2.1. Basic Theory on (Interpreted) Petri Nets

Let us formally introduce the concept of Petri nets and, in particular, interpreted Petri
nets and some basic properties and behaviors.

Definition 1. A Petri net (Murata, 1989) is a four-tuple PN = (P, T, F, M), where P is
a finite set of places, T is a finite set of transitions, 7 S (P x T) U (T x P) is a finite set
of arcs and M is an initial marking. A marking involves all places that contain a token.
A transition is enabled, if each of its input places contain a token. A transition can be
fired, if it is enabled. Then, a token is removed from all its input places and added to all
its output places. A marking is reachable from any other marking, if it can be reached by
a sequence of transition firings.

In a Petri net, places may be connected via arcs only with transitions, and vice versa.
However, it is possible to model various behaviors by using the appropriate structure.
Basic structures in Petri nets are shown in Fig. 1.

Definition 2. A Petri net is /ive (David and Alla, 2010), if from any reachable marking it
is possible to fire any transition by a sequence of firings of other transitions.

Definition 3. A Petri net is safe (David and Alla, 2010), if there is no reachable marking
such that the place contains more than one token.
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t1 E t1 ﬁtz tlﬁ tl¥
(a) (b) (c) (d)

Fig. 1. Basic structures in Petri nets:
(a) sequence, (b) choice, (c¢) concurrency and (d) synchronization.

------- place
——————— token

t1 - - - - - - transition
X -===== input signal

@ y ---- output signal

Fig. 2. Elements of an interpreted Petri net.

Definition 4. An interpreted Petri net (Grobelna et al, 2019) is a six-tuple
IN = (P, T, F, M, X, Y), where the first four elements describe a Petri net, that is live
and safe, X is a finite set of logic input signals, Y is a finite set of logic output signals. A
transition in an interpreted net can be fired, if it is enabled and all the conditions of its
input signals (assigned to it) are fulfilled.

The elements of an interpreted Petri net are shown in Fig. 2. It should be noted that
the structure of ordinary Petri nets is here supplemented by input and output signals.
Input signals are assigned to transitions as their guards, while output signals are as-
signed to appropriate places. And so, in order to fire a transition, its input places must
contain a token and the guard (specified with input signals) must be satisfied. In the
example, in order to fire transition ¢/, place P/ has to contain a token, and additionally
input signal x must be active. As a result, a token is removed from place P/ and added
to place P2.

2.2. Learning Petri nets

The teaching process of Petri nets considers the combined areas of control systems and
mathematics (computer logic). There are some Petri net tools (Thong and Ameedeen,
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2015), that enable drawing the nets and also their basic analysis, like Yasper (van Hee
et al., 2006), CPN Tools (Yu et al., 2018), PIPE2 (Dingle et al., 2009), GPenSIM (Da-
vidrajuh et al., 2018), or IOPT-tools (Gomes et al., 2013). These tools are used mainly
for checking some basic properties of the Petri nets, like boundedness, safeness or dead-
lock freedom. There are also some software tools dedicated for education, like P3-PN
(Gasevi¢ and Devedzi¢, 2004), PetriDotNet (Voros et al., 2018), GreatTeach (Amparore
and Donatelli, 2018) or PN2ARDUINO (Kucera et al., 2019). These tools have been
proposed especially for improving the learning process of students. The available tools,
mostly developed by scientific institutions, focus in particular on Petri nets or their anal-
ysis and provide poor user-experience. For effective usage of them, it is assumed that the
user is already familiar with the basic theory of Petri nets.

The current challenges regarding Petri nets education are identified in (Grobelna
and Karatkevich, 2021), where additionally, also the summary of trends in industrial
electronic education and remote laboratories, as well as some approaches to teaching
Petri nets are provided. Unfortunately, there are just a few papers focusing on teach-
ing Petri nets in detail. S. Koretko (Kore&ko, 2018) proposes to use interactive model
building with active audience participation. It has been proved suitable for short and
intensive courses. The same author describes and evaluates also in (Korecko, 2019) the
implementation of project-based learning to a graduate course focusing on the event-
driven simulation. In general, project-based learning as a student-centred pedagogy
(McCabe and O’Connor, 2014), is nowadays gaining more attention in engineering
education (Reis ef al., 2017). Schmitz et al. show in (Schmitz ef al., 2016) how to uti-
lize Petri nets for teaching practical courses on collaborative software engineering (e.g.
by improving the worksheets). The results of practical experiments on students are also
presented, with a conclusion that the students worked more independently with less
confusion and frustration.

The recent challenges in teaching Petri nets (Grobelna and Karatkevich, 2021) clear-
ly indicate the conditions of remote education and the problem of how to fit interdisci-
plinary aspects into the limited duration of a course. Having in mind these challenges,
we propose to enrich the course at the university with game-based learning. The solution
may be realized by the students remotely (each one working at home). Moreover, the
willingness to play games (in particular Minecraft) is usually high enough to spend some
more time than actually included in the course.

2.3. Game-Based Learning

The use of computer games in education is not a new idea. The first applications of this
type were created in 1967. An example is the Logo Programming software, which has
been used in education and is still used, among others, for learning programming and
mathematics (Walsh, 2019; Salomon et al., 2020). Salomon ef al. point out that Logo
Programming has become a symbol of change in basic mathematics education as well
as in the very nature of the school. The Logo encourages children to reflect their own
relationships with science and motivates teachers to rethink their relationships with the
curriculum and with children.
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In the recent work (Panja and Berge, 2021) factors that should be considered when
creating a game-based educational model are discussed. It has been indicated that not all
students/players engage with Minecraft in the same way, and that prior game experience
influences how the student learns (acquires knowledge), which affects the results.

In another paper (Lopez-Fernandez et al., 2021), the authors present evidence of the
effectiveness of game-based learning in computer science education when using edu-
cational video games created by teachers using authoring tools. The results show that
game-based learning is as effective as traditional learning in terms of gaining knowledge,
but it was much more effective in increasing students’ motivation. Students who learned
by playing educational video games found the experience more motivating and fun. The
vast majority of them preferred the game-based approach to traditional teaching.

Caglar in the work (Caglar, 2020) showed that the influence of computer games on
programming education was significant and made several recommendations for both
teachers and students. In (Chen et al., 2020) the effects of competition on game-based
learning are described. The authors found that competition in game learning was effec-
tive for math, science, and language, but not for social sciences and other subjects.

Taub et al. (Taub et al., 2020) demonstrated that the moderate degree of agency
provided to learners in game-based learning environments leads to better learning out-
comes without sacrifice and without negative emotional experience, showing how even
low levels of agency can positively impact learning, problem solving, and affect during
game-based learning.

2.4. Recent Approaches of Minecraft in Education

The educational potential of Minecraft has been widely described in the literature for
many years. The game is used, among others, to learn science and technology. Initial re-
search into the suitability of Minecraft for learning chemistry is described in (Panja and
Berge, 2021). The factors that should be considered when building a Minecraft-based
learning model are discussed. Based on the obtained results, a preliminary conclusion
was formulated that the game mechanics can provide commitment and effective learning
depending on how the student learns. At the same time, the need for further research in
this area was indicated.

The possibility of using Minecraft to learn math is discussed in (Moore, 2018; Jensen
et al., 2020). The articles describe how the game can help students understand geometry
and measurement, as well as calculate areas and volumes.

Other papers (Prayaga et al., 2016; Jensen et al., 2020) show that Minecraft can also
be successfully used in teaching computer science and digital logic. In these articles, the
authors describe their experiences in teaching programming and understanding basic
logic gates.

Minecraft has been used in machine learning (Bezzubov and Frolov, 2021) as well as
in teaching artificial intelligence (Singh, 2020). The article (Singh, 2020) describes the
use of Minecraft as a platform for teaching artificial intelligence (AI) through project-
based learning. The Minecraft platform was used as part of an open-ended undergradu-
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ate course with 82 different projects covering topics in the areas of navigation, instruc-
tion following, object detection, combat, and music/image generation.

In the field of humanities, the educational potential of the game was used to teach
reading and writing at the academic level (Ponce et al., 2020), for developing collabora-
tion, social and research skills (Merch ef al., 2019; Hewett et al. 2020), in learning to
plan and schedule (Master et al., 2020) as well as in developing students’ spatial abilities
(Worsley and Bar-El, 2020; Carbonell-Carrera et al., 2021).

As an environment with high intensity of use, Minecraft is also applied to conduct re-
search, e.g., in the field of user behavioral biometrics (Siddiqui et al., 2021), simulation
of human demonstrations (Guss et al., 2019) or photorealistic 3D block world synthesis
(Hao et al., 2021).

3. Modelling Interpreted Petri Net with Minecraft

3.1. General Description

In order to use Minecraft in the learning process of interpreted Petri nets it is necessary
to understand how it can contribute to the education. The schematic presentation of the
proposed idea is shown in Fig. 3. It is essential that both the Petri net models as well
as the visualization of control processes can be realized in one game, introducing some
animation to the theory.

On the left side, there is an interpreted Petri net, that describes the control process of
two carriages movement. The structure of Petri net includes six places and five transi-

Interpreted Petri net Realization in Minecraft
/;1\\
l‘-.\._/‘
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‘ lever
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- /
I
endltz—% '3—"— end2

(p3) (ps)
; Fs)

move?2

u | |

end2

Usage of redstone Visualization of control process

Fig. 3. Schematic presentation of the idea.
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tions, three input and three output signals are used for communication with the envi-
ronment. And so, after the signal lever becomes active, transition ¢/ may be fired, and
concurrent processes start. The output signals movel and move?2 force the carriages to
move from their starting points to their ending points. The carriages move so long, until
they reach their ending points (end! and end?, respectively). The adjusted structure of
Petri net ensures that the system operates correctly, with no difference which carriage
arrives first. Then, the two processes wait for each other to be synchronized, and finally,
the lamp output signal becomes active. The structure of the interpreted Petri net is re-
alized with redstone. The input signals may be related to levers or buttons, while the
output signals to redstone lamps or other activators. Besides the Petri net model, it is
also possible to model the physical plant that visualizes the control process. On the right
side, a Minecraft realization is presented. The signals in the physical plant are connected
with the structure of the interpreted Petri net, so the animation of a Petri net (token flow)
results also in some attractive animations in the game.

3.2. Modelling the Sequentiality

The basic structure of a Petri net is the sequential ordering of places (see also Fig. 1a).
Then, places and transitions appear one after the other. The modelling and realization
in Minecraft are shown in Fig. 4. Each place has assigned an output signal (the simplest
activator is a lightning element, lamp I—lamp4 for places PI—P4). Input signals are as-
signed to transitions and correspond to the simple element of a lever. This allows the
user to interactively switch the levers and enable the control flow. In a simple realization

lamp1 leverl lamp2 lever2  |amp3 lever3 lamp4 leverd
Interpreted e e @
Petri net @
t1 t2 3 t4

wiecrss [ el -

schematically lamp lever lamp lever lamp  lever lamp lever 3
]

Minecraft
realization
(simple)

A - B
Minecraft 7 LS SSESA Lol
realization = y E I“ >
{complex)

Fig. 4. Realization of sequentiality.
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(using only redstone), the fired transition turns on both its input and outputs places, so it
is necessary to follow the right direction. In a more complex realization (with additional
piston elements), only the output places are turned on, so the pure animation (classic
token flow) of an interpreted Petri net can be observed.

3.3. Modelling the Choice

Another frequently used construction is modelling of a choice (see also Fig. 1b). The
modelling and realization in Minecraft are shown in Fig. 5. In the Petri net model it

lamp2 lever2  |amp3 lever3 lamp4 leverd

lamp1l

Interpreted
Petri net

t8
lamp5 lever6 lamp6 lever7 lamp7 lever8

Minecraft B -

lever lamp lever lamp lever

schematically ; ___._"_._____. _____ . __--.

lamp lever lamp lever lamp Iever‘

Minecraft
realization
(simple)

Minecraft
realization
(complex)

Fig. 5. Realization of choice.
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is realized by connecting two transitions to one common input place (in the example:
transitions ¢/ and ¢5). In interpreted Petri nets, these transitions are usually guarded to
ensure the determinism of the model (Lee, 2017; Wisniewski ef al., 2020). Therefore,
it is important that the guards are mutually exclusive, e.g., x and not x (denoted as /x).
Here also the places correspond to lamps in Minecraft, while the transitions to levers.
Again, there are two possible realizations — a simpler one (suitable even for beginners)
or a complex one (showing classic token flow).

3.4. Modelling the Concurrency

In control systems the behavior of concurrency (see also Fig. lc and Fig. 1d) is of
special interest. Indeed, most real industrial control processes are concurrent, so it is
important that the concurrency is properly understood by students while attending the
course. The realization of concurrency is illustrated in Fig. 6. In the structure of a Petri

lamp2 'eVerz  jamp3 lever3  |gnpq

Interpreted
Petri net

t5
leverl lamp5 leverd lamp6 levers lamp7 lever6

Minecraft

lever lamp  lever [amp lever E". ."'

schematically TR
- B-E-E-E-El e
' lever
H lamp lever lamp  lever lamp

Minecraft
realization
{simple)

7’77_77 ] e e L T O S
L D S RSO W

Minecraft
realization
(complex)

Fig. 6. Realization of concurrency.
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net the begin of concurrency is annotated with a transition with one input place and
two or more output places (in the example: transition ¢/), while the end of it (the syn-
chronization) — with a transition with two or more input places and one output place
(in the example: transition ¢6). The realization in Minecraft is more problematic, the
usage of an AND gate is required to synchronize the processes (the flow proceeds if
all processes come to the end, so all inputs to the AND gate are TRUE). Two possible
realizations take place as before, in a complex one the synchronization mechanism is
hidden underground.

3.5. Connecting an Interpreted Petri Net Model with a Physical Plant

Players of Minecraft spend much time on building various constructions, buildings and
mechanisms (Cordeiro and Nelson, 2014). This ability can be used to visualize physical
plants that realize some control processes. Short scenarios, which can be realized even
by beginners, include controlling the movement of some carriages, their loading and
unloading, or simple production processes.

The visualization of a control process seems therefore not to be a problem for Mine-
craft players. The main difficulty is how to correctly connect the particular elements
of the process with the model of interpreted Petri net. The earlier realization of basic
structures just with lamps and levers simplifies the understanding. Appropriate signals
must then be connected with the corresponding actuators or sensors, e.g., leading from
aredstone torch to a powered rail in order to move the carriage or from a button to a door
(an element needed to enable token flow). Fig. 7 illustrates how the physical plant can
be connected with the interpreted Petri net model. The scenario visualizes the control
process of one carriage movement and goods transport.

Fig. 7. Physical plant combined with interpreted Petri net model.
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4. Conducted Study

In order to practically test our proposed approach of modelling interpreted Petri nets
in Minecraft and evaluate its influence on the learning process, we have conducted a
study among students in the courses of Discrete Control Systems and Modelling of
Cyber-Physical Systems at the University of Zielona Gora (Poland). The study was
performed in the academic year 2021/22 and involved 51 participants, all of them
being males with an average age of around 20 years. The enrolled students were di-
vided into an experimental group with game-based learning (43 students) and a control
group with traditional learning (8 students). The disproportion results from the size of
academic groups at the university. The participation in the experiment was entirely
voluntary, the results had no effect on the final grades and all answers were anony-
mized (included no personal data enabling student’s identification). All participants in
the experiment have been playing Minecraft before and have known the basic rules
regarding the game. Just before the experiment, they have also been introduced to
the theory and practice of general Petri nets and interpreted Petri nets. The study was
divided into four parts as shown in Fig. 8. The control group had instead traditional
lessons and filled in the same single-choice knowledge test at the end of the course
(referring to step 4 of the experiment).

4.1. Part 1

Prior to the experiment, the students were asked to take the test, which included both
the theory and the practice of interpreted Petri nets. The test involved 15 questions
with a single response (one correct answer out of four). After solving the test, the
students were not informed about the correct answers. The time limit was set to 15
minutes (one minute per one question).

4.2. Part 2

The students were introduced to the proposed approach of modelling interpreted Petri
nets in Minecraft (basic structures and their realizations as shown in Sections 3.2-3.4).

STEP 1 STEP 2 STEP 3 STEP 4
Modellin Visualizing ~ Test on the exit
Y\ & Y physical plants

Test on the entry interpreted Petri

: &
nets in Minecraft | - / & mterpreted // questionnaire
Petri nets

Fig. 8. Parts of the experimental study.
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The presentation was followed by self-realization of the basic structures. Each student
played his own game and tried to reconstruct the examples, focusing especially on the
proper distinction between input and output signals. This part was realized within 90
minutes. Then, the students were asked to try out different structures of interpreted
Petri nets supplemented by lamps and levers on their own during the time period of
one week.

4.3. Part 3

The students were introduced to how to combine interpreted Petri nets with visualiza-
tion of physical plants in Minecraft (introduction to scenario from Section 3.5). The
presentation was followed by self-realization of a basic scenario with carriage move-
ment. Then, the students were asked to realize some scenarios including interpreted
Petri nets and visualizations of physical plants. This part could be realized either alone
or together in a multiplayer mode. This part was realized within 90 minutes.

4.4. Part 4

After the experiment, the students were asked to take the same test again (with 15
single-choice questions) and fill in a questionnaire for rating the experience. In order
to maintain the same conditions, the time limit for the test was set to 15 minutes (one
minute per one question). The results of the tests could then be compared with each
other to evaluate how the game-based learning influenced the learning process. Then,
the students were asked to fill in a questionnaire (optional). They could also write some
personal comments on the experimental way of learning. This has allowed us to get to
know the subjective opinions of the students.

5. Presentation and Discussion of the Results

Our educational experiment has been performed on a group of 51 students. At the
beginning, the experimental group filled in the test on the entry (part 1 of the study).
Then, they took part in the game-based learning — after a short introduction they cre-
ated the Petri net models by themselves (part 2), as well as some visualizations of
control processes (part 3). At the end, they filled in the test on the exit, a question-
naire with their personal feelings and additional comments (part 4). This has allowed
us to evaluate the proposed learning approach. The control group was provided with
the same theory during the lectures, but instead of using Minecraft, the students were
trained in the traditional way. At the end of the course, the control students filled in
the same single-choice knowledge test as the experimental students to compare the
results. Both groups were taught by the same academic teacher.
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5.1. Results of the Tests

Both obligatory tests had 15 single-choice questions, so it was possible to achieve maxi-
mally 15 points. Comparing the results of the test on the entry and on the exit, we ob-
served that the arithmetic average value has been increased by ca. 4 points (i.e. about
50%). At the same time, both the lowest value and the median value have increased by
5 points. The results are summarized in Table 1. The control group solved the test only
once (at the end of the course). The results obtained by the experimental group were
better than for the control group, with median value 12 (versus 11 for the control group)
and average value 12,02 (versus 11,125 for the control group).

For the experimental group, we have also observed that the dispersion of values was
much lower in the test on the exit, what means that the results obtained by the students
were more similar than at the beginning. This shows that the students with worse out-
comes have broadened their knowledge, and finally, the students achieved a similar level
of Petri nets knowledge. Although these results alone are not surprising (more time spent
on learning usually has a positive impact on the gained knowledge), the comparison

Table 1

Results of the test on the entry and on the exit (experimental group) versus control group

Arithmetic average The lowest value Median value
Test on the entry 7,86 3 7
Test on the exit 12,02 8 12
Difference +4,16 (+53%) +5 +5
Control group 11,125 8 11
15
@
& 12
%
m
£
=~
g 9
E J
7
2 e
£
2
.E
L2 3
0
Experimental group  Experimental group Control group
(before Minecraft {end of course) (end of course)
exercises)

Fig. 9. Results comparison.
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with the control group allows to observe the influence of game-based learning (chart in
Fig. 9). The dispersion of values for the experimental group and the control group for
the final knowledge test were the same, but the median and average values were better
for the students who participated in Minecraft-based learning.

Based on these test results we can conclude that the knowledge of the students has
been enriched with game-based learning. It also confirms the first hypothesis that “Cre-
ating interpreted Petri net models with Minecraft helps to understand the basic prin-
ciples”.

5.2. Results of the Questionnaire

Optionally, the participants filled in a questionnaire with their personal comments on
the experimental way of learning. The questionnaire has been answered by 33 stu-
dents. Each question has been rated in a scale from 1 to 5. The results are summarized
in Table 2.

In general, we can conclude that the experimental learning of interpreted Petri nets
was successful. The students found the lessons attractive and stated that they contrib-
uted to the better understanding of Petri nets (including token flow, modelling of con-
currency and distinguishing between input/output signals). Therefore, the results of the
questionnaire confirm both hypotheses: “Creating interpreted Petri net models with
Minecraft helps to understand the basic principles” and Minecraft makes the course
more attractive”.

In order to evaluate how the so-far experience in playing Minecraft influence the
results, we have separately analyzed two groups of students (based on answers to
question 5) — the first one that rated own skills as 1 to 3 points (17 students), the other
one with skills rated as 4 or 5 points (16 students). The comparison is illustrated in
Fig. 10.

We can conclude, that the general feelings were slightly better by students with high-
er Minecraft skills. However, the difference was not significant in comparison to the
beginners. The opposite tendency has been observed only by question no 4, regarding

Table 2

Questions in the questionnaire. Note: all have been rated in the scale from 1 (little) to 5 (a lot)

ID  Question Arithmetic Median
average value

1 How do you rate the attractiveness of Minecraft classes? 4,67 5

2 How has Minecraft contributed to a better understanding of token flow in 4,18 4

Petri nets?

3 How has Minecraft contributed to a better understanding of concurrency 4,42 5
modelling in Petri nets?

4 How has Minecraft contributed to a better distinguishing between input 4,36 5
and output signals?

5 How do you rate your Minecraft skills? 3,48 3
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Fig. 10. Influence of the so-far Minecraft skills on the experiment.

the distinguishing between input and output signals. The reason may be that the more
professional players had already worked with input and output signals, so they have
known this aspect before, while for beginners it was a new experience.

5.3. Comments on the Experiment

We have also asked the students to write some additional comments (some selected opin-
ions are listed in Table 3). We have observed that the game-based lessons provided much
fun to the students and simplified the understanding. The possibility to create the Petri net
models alone allowed to test various combinations and see the results on-the-fly. More-
over, the visualization of control processes itself was evaluated rather as game-playing
(and not learning), also because of the possible realization in a multiplayer mode, where
multiple students could create their plants together in one Minecraft world.

Table 3

Some opinions of the participants about the novel game-based learning approach

ID Opinion

1 Minecraft classes helped to improve the knowledge of Petri nets. During this type of classes, it is much
easier to understand a given topic, because we create these nets by ourselves and it is a kind of practice.

2 Instead of imagining a Petri net in our head, we can easily construct it in the game and on-the-fly analyze
the entire process, which is very helpful in case of a mistake. It will take less time to find the errors, because
they will be immediately noticeable on implemented Petri net model. In order to use Minecraft as a “tool”,
we only need basic skills and knowledge of the game, and deepening these skills can greatly speed up and
improve our work. Being a beginner will slow down our work rather than make it impossible.

3 Great idea to implement slightly abstract models (students’ possibilities are limited to their imagination)
and create Petri nets in Minecraft. This significantly increases the interest in the subject.

4 Itis avery interesting and inspiring form of getting to know the functioning of a Petri net. A very good idea
to combine “‘fun” with a very important issue.

5 A pleasant surprise, a much more pleasant form of teaching. I hope for more such surprises.
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6. Conclusions

In the article a novel approach to teaching interpreted Petri nets with Minecraft is pro-
posed. The learning process has been extended with game playing, what allowed to
introduce some fun into the standard academic course. Interpreted Petri nets, as a formal
specification technique of control systems, are sometimes difficult to learn, mainly be-
cause of the mathematical background and differentiation of input and output signals.
The limited duration of a course does not simplify the task of bringing the knowledge to
the students. Game-based learning, adjusted to the age of students, is attractive enough
to inspire them to spend more time on education.

Based on the realization of basic structures of interpreted Petri nets in Minecraft,
together with visualizations of control processes, we have conducted an experiment
among students to evaluate our idea (using an experimental group and a control group).
We have formulated two hypotheses that have been confirmed: (1) “Creating inter-
preted Petri net models with Minecraft helps to understand the basic principles”; and
(2) “Minecraft makes the course more attractive”. Our conclusions and observations
are based on the results of a single-choice knowledge test (before and after the experi-
mental way of studying and at the end of the course for the control group), as well as on
the additional questionnaire with subjective feelings of the participants. The obtained
results clearly show that enriching the standard course with a game-based learning
increases the course attractiveness and inspires students to spend more time on “play-
ing” with interpreted Petri nets. At the same time, it helps students learn interpreted
Petri nets and gain better results in the knowledge test. The Minecraft-based learning
was successful in increasing student motivation. Students who played Minecraft game,
found this way of learning enjoyable and inspiring. The visualization of control pro-
cesses was even evaluated rather as game-playing and not learning (multiple students
could create their plants together in one Minecraft world).

Future research will continue the study by diversifying the exercises for students, so
that they train not only how to construct a properly formed interpreted Petri net, but also
how to fill in the missing part or how to correct a net which is not live or not safe.
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